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EXECUTIVE SUMMARY

This white paper is divided into the following three sections: 1) synthesis of the state
of knowledge of scales of organization in the various U.S west coast groundfish
fisheries, 2) identification and prioritization of spatial matches and mismatches
between various components of the west coast groundfish fishery, and 3)
recommendations for spatial management of west coast groundfish within the context
of ecosystem-based fishery management (Field and Francis 2006, Francis et al. 2007,
Levin and Lubchenco 2008). In thisregard, the paper suggeststhat spatial
management should:

o Consider spatial aspects of interactions between humans and nature (McEvoy
1986, 1996),

e Incorporate the capacity for resilience thinking (Walker and Salt 2006),

e Be “second stream” in its approach to both science (interdisciplinary, holistic,
focus on understanding rather than prediction) and management (facilitate
existing processes and variability, proactive rather than reactive; Franciset al.
2007, Holling 1993, Holling and Meffe 1996),

e Employ ruleswhich are as smple as possible in achieving the desired results
(Berkes and Berkesin review).

SECTION 1 —SCALES OF ORGANIZATION —BIOPHYSICS, SOCIO-ECONOMICS,
MANAGEMENT

In thisfirst section, we examine spatial scales of organization for west coast
groundfish biophysics, socio-economics, and management.

Spatial structure clearly exists throughout the entire area of the California Current
Ecosystem (CCS), where a diverse fishing community pursues an equally dynamic and
diverse resource; from northern Washington to southern California, from Cape to
Cape, from port to port. It can only, briefly, be viewed through snapshots we take in
time. These snapshots all reveal clear spatial structure. Unfortunately the clarity is
blurred as we pass from one snapshot to another. Sace is an elusive moving target.
The ocean is constantly in motion, pushed and pulled by winds and tides, agitating
away within a basin with a complex bottom structure, creating spatial patternsthat
morph from year to year, season to season, month to month, and day to day. That is
what both fish and fishers face. Asaresult, diversity ripples through the fishery —
different upwelling zones, some separated by deep canyons; different prevalent
groundfish assemblages (north and south, inshore and offshore); different fleet
structures by state, county and port; different local, state, federal, non-governmental
management jurisdictions —some overlapping and some not, the fishery is a mosaic of
diverse activity.

Cur analysis reveals how diverse the groundfish fishing communities are as you visit
portsdotted from San Diego north to Neah Bay. Feets have changed over the past



several decades, the rise of the offshore domestic Pacific whiting (hake) fleet in the
north and of the nearshore live-fish fleet in southern Oregon and California, the
declines in overall revenues and the shift in the distribution of revenue between
fleets and ports —shifts affected both by changesin the resource and changesin
management. S, the picture is blurry but occasionally and briefly clear when taken
at certain time scales. What we have reported in this section is based on, at best,
annual observations. The following are our major spatial findings:

Biophysics

Depth defines the major axis of west coast groundfish variation (advection and
larval transport, metapopulation structure, species assemblages) (Gunderson
and Vetter 2006, Gabriel 1982).

Nearshore demersal habitatstend to be vastly different from deeper offshore
areas of the continental shelf and slope. Nearshore regions are typified by
“sticky water” with very low alongshore movement (Largier 2003). Offshore
regions are generally colder, lower oxygen, and stable ocean environments
with much stronger alongshore advective processes coming into play in the
pelagic region.

Metapopulation structures of west coast rocky reef fishestend to change with
depth (Gunderson and Vetter 2006). Broad dispersal and coastwide populations
tend to occur offshore (outer shelf and slope). Mesoscale dispersal and
populations structured by the capestend to occur in mid to inner shelf regions.
Nearshore populations exhibit very limited dispersal.

Latitude is the second most important factor influencing population and
assemblage boundaries (Gabriel 1982). Dynamic atmosphere-ocean processes
such aswind stress and current patterns are likely the most important factors
controlling these north-south structures. There are two major latitudinal
breaks in groundfish biophysics: 1) the turbulent wedge between Capes Blanco
and Mendocino —a transition region between north and south which hasthe
strongest upwelling winds and most turbulent coastal flows of the entire CCS
(GLOBEC 1994, Peterson et al. 2006, Botsford and Lawrence 2002), and 2) Point
Conception - the area south of Conception isvery different from the areato
the north —much smaller local wind stress, warmer subtropical water, different
timing in the upwelling season (Hickey 1998).

Heavy fishing of rocky reef habitats can cause significant changesin ecosystem
structure. Large piscivorous (rockfish) species have been fished out and
replaced by smaller faster growing species. This has been demonstrated at the
individual reef scale (Yoklavich et al. 2000) and at the coastwide scale (Levin
et al. 2006). These spatially explicit ecosystem effects of fishing have not been
evenly distributed along the coast and have caused allocation of energy and
reproductive potential to shift dramatically and vary from region to region.
This has been shown in regional nearshore (O Farrell and Botsford 2006) and
shelf (Harvey et al. 2006) ecosystems.



Socio-Economics

In this section we attempted to describe the spatial scales of organization within the
groundfish fishery by using statistics on landings, revenue and number of vessels by
sector. In this summary we categorize by trawl (limited entry, whiting), non-trawl
(limited entry, directed open access), recreational and tribal. The focusison how
gpatial statistics have changed between 1995 and 2006.

The analysis of Groundfish Aeet Reduction (GFR- Sholz 2003) maps of spatial
distribution of 2000 limited-entry (LE) landings revealed that overlap in harvest
areasislow between distant ports, and high between adjacent ports. Highest
percent overlap occurred between port groups north of Cape Mendocino, but
high percent overlap also exists between San Francisco and its adjacent ports.
The only high percent overlap across Cape Blanco, Cape Mendocino, or Point
Conception was between Coos Bay and Brookings port groups.

The whiting trawl fishery isthe largest volume fishery on the west coast and
primarily lands to ports north of Cape Blanco. Although it isa low value
species (price-per-pound), it islanded in such high volume that whiting
landings generate high revenues (PSVIFC 2007).

Landings by the LE non-whiting trawl fishery previously spanned the coast to
Point Conception, but currently are concentrated north of Cape Blanco. Due
primarily to severe overfishing of shelf rockfish, landings and revenues have
declined across the fishery. Flatfish now comprise the majority of landings
(PSMIFC 2007).

The non-trawl fishery (LE fixed gear and open access fleets) has maintained its
distribution along the entire coastline. Landings have declined but revenues
have not changed due to several spatial factors. High-value sablefish dominate
landings and revenue north of Cape Mendocino. South of Cape Mendocino,
landings have shifted away from shelf rockfish since 1995. From Cape
Mendocino to Point Conception, the shift has been inshore to nearshore
rockfish supplying the high value live fish market. South of Point Conception,
the shift has been offshore to thornyheads (PSVIFC 2007).

The open access fleet has the most participants of any groundfish sector. Over
50%o0f the open access fleet landings and revenues are in California.
Washington and Oregon directed open access fleets are rapidly expanding;
their primary target is sablefish (California Department of Fish and Game
(CDFG) 2007).

The recreational sector islargest in California, north of Point Conception, and
appears to be increasing coastwide, aside from southern California. Rockfish
are the mainstay of the recreational sector, particularly black and other
nearshore rockfish (PFMC and NMFS 2006, PFMC 2007).

Rapid expansion in the tribal fishery conducted in Washington Sate waters has
potential to continue until harvest reaches the maximum allowable harvest
allowable under treaty rights (1/ 2 of harvestable surplus of groundfish



available in the usual and accustomed tribal fishing grounds)(PFMC and NMFS
2006).

Management

This section of the paper describes the existing suite of spatial management tools
currently being applied to the West Coast groundfish fishery by state and federal
management agencies.

Federal - The spatial management tools applied to the West Coast groundfish
fishery are intended to accomplish a wide range of management objectives.
These tools vary greatly in their size, temporal nature and goal. They range
from coastwide Rockfish Conservation Areas to species-specific closed areasin
the Southern California Bight (cowcod) and off northern Washington (yelloweye
rockfish). They also include ecologically important habitat closed areas —5 off
Washington, 9 off Oregon and 20 off California —and bottom trawl! footprint
closures designed to prevent the seaward expansion of bottom trawling.

California - The commercial and recreational fisheries for nearshore rockfishes
in California are currently managed by Pacific Fishery Management Council
(PFMC) in conjunction with the state using three adjacent management areas
with the boundaries at Cape Mendocino and Point Conception. California
Department of Fish and Game (CDFG) is developing a fishery management plan
for nearshore fish (NFMP) species. At thistime the NFMP Project identifies four
management areas, yet to be fully implemented, with separate harvest
guidelines. Californiais also attempting to apply the concepts of spatial
management to state waters through implementation of the Marine Life
Protection Act (MLPA) —a series of marine protected areas designed to protect
and conserve marine life.

Oregon - The Marine Resources Program of the Oregon Department of Fish and
Wildlife is authorized by the Sate Legidature to administer the regulation,
harvest and management of commercial and recreational fisheriesin Oregon.
The agency uses a variety of toolsto manage these fisheries include trip and
bag limits, area closures and species- specific management zones. Oregon is
undergoing an additional spatially oriented management process through the
Oregon Department of Fish and Wildlife and the Governor’s Ocean Policy
Advisory Council (OPAC) to develop a network of marine reserves along the
Oregon coast to protect the natural diversity and abundance of species that
live in each type of habitat in Oregon’s Territorial Sea.

Washington - Washington Department of Fish and Wildlife has jurisdiction over
fishery resources within state waters (0-3 miles) as well asthe inland fisheries
of Puget Sound. WDFW employs a variety of management tools for nearshore
groundfish. These tools have evolved over time and include area-based
management such as the development and implementation of yelloweye
rockfish conservation areasin federal watersthrough the Council process. In
2000, Washington banned all directed commercial harvest of groundfish in state
waters.
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SECTION 2 —MATCHES AND MISMATCHES BETWEEN ECOLOGY, ECONOMY AND
MANAGEMENT

Almost two decades ago, and based on the history of California fisheries (McEvoy
1986), the environmental historian Arthur McEvoy presented an innovative, broad and
comprehensive context for marine fishery science and management, with a strong
emphasis on direct interactions and relationships, of which those occurring within the
ecosystem are just a part. Ten yearslater he built on this experience to define a
fishery as an interaction between three variables: an ecosystem, a group of people
working (economy), and the system of social control within which the work takes
place (management) (McEvoy 1996). His key assertion is that management must
equally weigh the many social and economic relationships within the fishery and how,
in turn, they both influence and are influenced by marine ecosystem processes and
dynamics. In fact it is human interrelationships that are of particular concern to
decision makers. What McEvoy (1996) saysisthat afishery isa classic example of a
social-ecological system (Berkes et al. 2003, Berkes 2004): an integrated concept of
humans in nature. And the essence of a sustainable fishery is the health of the
interactions between the ecosystem, economy and management (Field and Francis
2006).

What we are trying to do in this section isto operationalize McEvoy’s concept.
Quppose, as proponents of a broader ecosystem-based approach to fishery
management seem to agree, preserving biological structure (e.g., age or size
structure of a stock, foodweb pathways of an assemblage or community, diversity of
an ecosystem) is equally important to management as preserving harvestable biomass.
Cearly we manage human activity and not biological entities. And these human
activities—fishing—are what create the interactions between a group of people
working and an ecosystem. How might management facilitate sustaining these
interactions through, in this case, the use of spatial structure?One way isfor
management to create incentivesin the economy to preserve biological structure in
the ecosystem, by tying an individual fisher’s opportunity to fish with the
achievement of broader conservation objectives. Spatial management seemsto
provide the vehicle for doing this. In the words of O Farrell and Botsford (2006), “the
effects of fishing are not evenly distributed over space.” Whatever spatial structure is
chosen, resource allocations would be weighted towards those regions with better
track records of achieving identified conservation objectives. Management would thus
create tight positive feedback between economic incentives (e.g., an individual’s
opportunity to fish) and conservation objectives. Asit stands now and, as the recent
rockfish closures show, coastwide management provides no incentives for sustainable
interactions between the economy and the ecosystem. Space seems essential to
creating a sustainable groundfish fishery.

This section attemptsto identify spatially explicit matches and mismatches between
regional ecosystems, fleets, and management. Soecifically, we ask the question: what
are the McEvoy interactions and how are they spatially structured? Section 1 will serve
asthe basisfor this analysis. Perhapsthe most important question we could ask is:
Can the west coast groundfish fishery be spatially compartmentalized into
modules where feedback is tight (economy and ecosystem highly connected)



within modules and feedback is loose between modules? Our results are
summarized as follows:

The west coast capes may provide an initial modular framework described by
Walker and Salt (2007). For example, one might partition the coast into 3
modules with divisions occurring somewhere in the transition zone between
Capes Blanco and Mendocino, and at Point Conception. Evidence for this
modular structure is supported by the biophysical and socio-economic
summaries.

While the capes serve as a pivot point for our match-mismatch analysis, there are a
number of more general matches and mismatches that seem useful in evaluating
spatial structure as a groundfish management tool. They can be summarized as
follows:

There is a clear mismatch between the coastwide management of overfished
groundfish species and the impact of coastwide closures on coastal fishing
communities.

As coastal communities, such as Morro Bay (CA) and Port Orford (OR), become
more engaged in managing adjacent nearshore fisheries, they become more
involved in scientific assessment and monitoring of their local resources.
Without careful coordination between local and Pacific Fishery Management
Council (PFMC) scientific activities, local scientific effortsrisk the likelihood of
being ignored at the coastwide level, thus creating significant mismatches.

There are significant mismatches between units on which stock assessment and
management are based and those inferred from genetic data (Waples et al. in
review). Reasons for the mismatches are that a) assessments are almost always
single species whereas most stocks are influenced by multi-species (and
ecosystem) effects, b) management is based on political boundaries which do
not necessarily reflect biology or actual use patterns, ¢) management is of
multiple species as one putative species and d) local management is
implemented on too fine a scale thereby subjecting a single biological
population “to independent and perhaps conflicting management regimesin
different areas of itsrange.”

The resilience of coastal fishing communities, particularly those with a
predominance of small vessels, tendsto be dependent on diversity of fishing
opportunities —the potential for fleetsto shift among target species. There is
concern that fleet-gpecific rationalization (e.g., proposed trawl Individual
Fishing Quota program) could reduce the diversity of the portfolio available to
some of these small boat fleets and to individual fishermen, thus fracturing the
way some coastal communities currently fish.

Because of their compressed and extensive depth ranges, many of the
continental shelf banks create significant mismatches with the general



metapopulation model proposed by Gunderson and Vetter (2006) and used to
support the Cape to Cape area stratification discussed above.

e Thereisadistinct mismatch in terms of management informing decisions based
on scientific assessments at the biological community and ecosystem scale. In
addition, there is a mismatch between the use of biological and socio-economic
assessments in informing the decision making process.

SECTION 3 —MANAGEMENT ALTERNATIVES AND RECOMMENDATIONS

If one looks at the fishery from the “McEvoy” perspective, ecosystem-based fishery
management should strive to focus on maintaining or creating healthy interactions
between the economy and the ecosystem. As mentioned earlier, sustainability of
coastal communities would be enhanced where coastal ecosystems were healthy and
the individual opportunities to fish were as high as possible. We feel that since the
effects of fishing are not evenly distributed over space, spatial management could
help provide incentives for achieving conservation objectives.

This final section starts with the gpatially explicit matches and mismatches between
regional ecosystems, fleets, and management identified in the previous section
(Scales of Organization). We then attempt to answer two critical questions: How to
structure management to 1) enhance the matches and 2) reduce the mismatches?

e We think that the three modules, mentioned above, may actually work quite
well for all three inshore-offshore components of the coastwide groundfish
fishery. The states already manage their nearshore zones separately, and all
three seem to be working towards fine scale management. The three modules
seem to be ideally suited for the shelf fisheries and their associated social-
ecological interactions. And the slope fisheries (Pacific whiting, Dover sole,
sablefish —NCC; thornyheads - SCC) tend to partition out along the three
module scale.

We now look at how spatial management might enhance the more general matches
and reduce the more general mismatches discussed in the previous (match-mismatch)
section.

e We think that the three-area management proposed above could be a strong
first step in linking individual accessto the resource with the achievement of
conservation objectives. The simplest way to start would be to manage the
bycatch of all overfished species on this spatial grid. This would greatly reduce
the likelihood of coastwide closure of the entire groundfish fishery.

e Inorder for coastal communities to become fully engaged in the scientific
assessment and management of their adjacent nearshore fisheries, there need
to be clear performance standards for the data used, assessment
methodologies and criteria for community harvest allocations.



e Wapleset al. (in review) outline a number of measures that could help to
reduce the spatial mismatches between genetic assessments, stock assessments
and management. One of the most prevalent uncertainties relates to how many
populations exist and what their statuses are. These uncertainties can be
reduced through use of a Management Srategy Evaluation (MSE) process to
help assess the consequences of ignoring population structure.

e FEvery effort should be made to evaluate the impact of proposed management
measures on coastal community resilience.

e Physical areas of high concentration of nearshore, slope and shelf species (e.g.,
banks, islands, canyons, headlands) need finer scale management than our
three proposed management areas can provide.

e The groundfish management community needs to become more balanced and
comprehensive in terms of the nature of its scientific assessments. If we are to
move into the realm of ecosystem-based management, then assessments must
be conducted at the ecosystem scale. The same can be said for socio-economic
assessments. We encourage any EISanalyses of proposed management
measures (e.g., trawl Individual Fishing Quotas) to include meaningful socio-
economic assessments of potential impacts on coastal fishing communities.

In conclusion, it isclear that space can be a powerful tool in moving towards a more
comprehensive and balanced west coast groundfish management. However simply
applying the status quo to newly delineated management areas will, in our view, do
little to move west coast groundfish policy into the 21¥ century. Satial management
must be accompanied by clear objectives for what isto be achieved. We think that
space can be used as a powerful tool to enhance positive feedbacks between the west
coast groundfish economy and ecosystem. The potential isthere for management to
use space to provide incentives for individual fishers to achieve ecosystem-based
conservation objectives. However those objectives must be made explicit and their
achievements monitored comprehensively and carefully.

Aswe state in the introduction to the white paper, “an ecosystem approach to
management is management that is adaptive, specified geographically, takesinto
account ecosystem knowledge and uncertainties, considers multiple external
influences, and strivesto balance diverse social objectives’ (Francis et al. 2007). This
is a management approach that is proactive and seeks to preserve existing ecological
and social processes and variabilities. It is also an approach that requiresresilience
thinking, and its unifying concept of adaptive capacity, through heterogeneity,
modularity and tight feedback. If adaptive capacity is at the heart of ecosystem-
based fishery management, then it seems spatial management is a powerful and
essential component of ecosystem based fishery management.



The bottom line for sustainability is that any proposal for sustainable development
that does not explicitly acknowledge a system’s resilience is simply not going to keep
delivering the goods (or services). The key to sustainability lies in enhancing the
resilience of social-ecological systems, not in optimizing isolated

components of the system.(Walker and Salt 2006)

1. INTRODUCTION

WHY THE INTEREST IN SPATIAL MANAGEMENT?

In the year 2000, the U.S west coast groundfish fishery was declared a federal
disaster. Thiswas a salient sign of aregional fisheries crisis. Groundfish, the umbrella
term used to describe rockfish (e.g., widow, yellowtail, and canary rockfish;
bocaccio, chilipepper, cowcod, thornyheads, Pacific Ocean perch), flatfish (e.g.,
various soles, starry flounder, turbot, sanddab), and roundfish (e.g., lingcod,
cabezon, kelp greenling, Pacific cod, Pacific whiting, sablefish) species, are
cornerstones of the U.S west coast marine food web and the targets of numerous
commercial, recreational, and subsistence fisheries. The groundfish fishery reached
crisis stagesin the late 1990s largely due to gross fleet overcapacity and increasing
recognition of the low productivity of the resources, many of which had been severely
overharvested and depleted. By 2002, nine groundfish species had been declared
overfished. In order to facilitate rebuilding of these populations, the Pacific Fishery
Management Council (PFMC), tasked with managing U.S fisheriesin federal waters (3-
200 nautical miles - nm) from Mexico to Canada as well as a few speciesin state
waters within 3 nm of the coast, severely restricted fishing activities on the
continental shelf and slope. Limited to miniscule bycatch quotas, continued
overharvest of several of these species forced closures of virtually the entire west
coast continental shelf (e.g., Rockfish Conservation Areas) to groundfish fishing over
major periods of the 2003-2006 fishing seasons and shifting substantial effort
shoreward. These draconian management measures provided no incentives for
individuals to continue fishing by limiting bycatch.

The Washington-Cregon-California coastal region is known for its diversity of
biological production, exploited species, associated fishing fleets, and management
needs (Figure 1.1). Aside from the overfished species, other groundfish populations
are considered abundant (e.g., English sole, starry flounder, Dover sole, longspine
thornyhead). Some species such as lingcod have high fidelity to individual reefs,
while others such as Pacific whiting traverse waters along the extent of the expansive
coast. Given that the groundfish resource is complex and diverse, we expect that
some of the problemsin the fishery have occurred because management actions have
inadequately accounted for spatial variability of the resource. The scientific and
fishing communities have long recognized that spatial management, congruent with
the spatial and temporal scales of marine ecosystems and human communities, is
necessary for healthy marine ecosystems, viable coastal fishing communities,
effective policy, and sustainable fisheries (e.g., Bristol Bay sockeye salmon - Jentoft
2000, Perry and Ommer 2003, Berkes 2004, Gunderson and Vetter 2006). And so
coast-wide fisheries management lacks the flexibility to protect against local area



depletion of stocks, may inadvertently provide disincentives for stewardship, creates
economic hardships for local fishing communities, and failsto safeguard the biological
structure of fish populations and the ecosystems that support them.

It appears that mismatches exist between the scale of management and those scales
naturally found within the west coast marine ecosystem. The existing coast-wide
scale of institutional structures for the management of west coast groundfish may not
correspond with the spatial and temporal structure of ecological and socioeconomic
systems. For example, in 2003 as a result of a coast-wide management approach,
activity in the recreational fishery for lingcod in California during a 2-month period
shut down fishing over large areas of the coast resulting in prohibited access to
historic resources by coastal fishing communities. For example, in 2003, lingcod
catch in the California recreational fishery was estimated to be above the coastwide
allowance. The high catch estimate, suspected to be due to a very imprecise effort
estimate (John DeVore, pers. comm.), resulted in closure of commercial and
recreational fishing over large areas of the coast and prohibited accessto historic
resources by coastal fishing communities. Smilarly, generalizations of the status of a
stock from one portion of a species range acrossits entire range may have given
migdeading inferences (Hutchings 1996). The inability to account for spatial structure
can lead to uncertainty about the status of the stocks and the effects of local
ecosystems on stock productivity and resilience.

Identification of scale mismatches begins with understanding spatial scales of
organization. Soatial structure of U.S west coast groundfish resources, fisheries that
target them, and associated management can be partitioned in at least five ways.

First there isthe physical habitat that servesto structure the groundfish resource.
This includes dynamic physical oceanographic processes (Agostini et al. 2006) as well
as living and nonliving habitat (Benaka 1999).

Second the groundfish resource can be partitioned at the individual species population
level. This partitioning or structuring can be measured in a number of different ways:
life history (Berkeley et al. 2004), genetic (Cope 2004, Burford and Bernardi 2008);
metapopulation (populations self-recruiting with some significant external
replenishment - Gunderson and Vetter 2006); population dynamics (Field and Ralston
2005).

Third, along the west coast of North America, there is clear evidence of spatial
structure at the level of the ecological community or ecosystem (Allen et al. 20086,
Gunderson and Vetter 2006, Blanchette et al. 2008). Nearshore ecosystems exhibit
marked regional differencesin their habitat structures, species composition, dynamics
and productivity (Bennett et al. 2004, Graham et al. 2008). Offshore ecosystems are
organized at a dightly larger scale. Over the outer shelf and upper continental slope,
abrupt changesin community composition exist in the vicinity of three prominent
biogeographic boundaries —Cape Blanco, Cape Mendocino, and Point Conception
(Gabriel 1982, Jay 1996, Williams and Ralston 2002, Levin et al. 2006, Tolimieri and
Levin 2006).
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Fourth, human or community use of the groundfish resource operates at scales that
echo gpatial patterns of the ecology but are also structured by the socioeconomic
setting. As one moves offshore, both the ecosystems and their associated fishing
economies become more spatially homogeneous. This spatial structure reflects
geographic variation in the physical (e.g., geomorphologic, hydrologic, climatic) and
biological (e.g., macro algae communities) attributes of the environment. This
regional variation determinesthe relative role of fisheriesin the socioeconomic and
cultural composition of local communities. Highly populated regions around major
ports such as Newport, Oregon facilitate large-scale, industrialized offshore fisheries;
whereas small, remote communities such as Port Orford, Oregon support coastal,
small-scale commercial and recreational fisheries (Gilden 1999). Moreover, human
impacts on the marine environment vary regionally in relation to the distribution and
size of human populations and the magnitude and kinds of human activities (e.g.,
waste discharges, nutrient influx, cooling water intakes of power plants, likelihood of
oil spills, altered riverine and estuarine structure and functions).

Finally there is the fishery management processitself. Most of the responsibility for
west coast groundfish management resides within the Pacific Fishery Management
Council (PFMC) and the fish and game agencies of Washington, Oregon and California.
Because of the heavy federal involvement in the process, west coast groundfish policy
has tended to be applied at large, coastwide spatial scales and, has been essentially,
“command and control” —controlling or commanding aspects of a system to derive an
optimized return (Holling and Meffe 1996, Walker and Salt 2006).

We would like to emphasize that this review is, by intention, not encyclopedic. It is
made in an attempt to keep the entire groundfish fishery in focus and within the
context of ecosystem based fishery management

SPATIAL MANAGEMENT IN THE CONTEXT OF ECOSYSTEM-BASED FISHERY
MANAGEMENT

Much has been written about ecosystem-based fishery management (EBFM) generally
(Zabel et al. 2003, Francis et al. 2007, Levin and Lubchenco 2008) and its application
to west coast fisheries specifically (Field and Francis 2006, PFMC 2007a). Francis et
al. (2007) say that “an ecosystem approach to management is management that is
adaptive, specified geographically, takes into account ecosystem knowledge and
uncertainties, considers multiple external influences, and strivesto balance diverse
social objectives.” Fisheries policy is clearly science based. Sience has a huge
influence on west coast groundfish management decisions. Perhaps more importantly,
EBFM provides a new context for thinking about the interface between science and
policy. That context requires a radical shift in thinking about how fishery science is
done, and the kind of advice that it deliversto decision makers. Here, we capture the
essence of arguments made by Field and Francis (2006), Francis et al. (2007) and
Levin and Lubchenco (2008) as they apply to spatial management of west coast
groundfish.
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e Inorder to consider the concept of sustainability, a fishery should be
considered as an integrated concept of humans in nature.

Almost two decades ago, and based on the history of California fisheries (McEvoy
1986), the environmental historian Arthur McEvoy presented an innovative, broad and
comprehensive context for marine fishery science and management, with a strong
emphasis on direct interactions and relationships, of which those occurring within the
ecosystem are just a part. Ten yearslater he built on this experience to define a
fishery as an interaction between three variables: an ecosystem, a group of people
working (economy), and the system of social control within which the work takes
place (management) (McEvoy 1996). His key assertion is that management must
equally weigh the many social and economic relationships within the fishery and how,
in turn, they both influence and are influenced by marine ecosystem processes and
dynamics as it is human interrelationships that are of particular concern to decision
makers. What McEvoy (1996) saysisthat a fishery is a classic example of a social-
ecological system (Berkes et al. 2003, Berkes 2004): an integrated concept of humans
in nature (Figure 1.2). And the essence of a sustainable fishery isthe health of the
interactions between the ecosystem, economy and management (Field and Francis
2006).

e Resilience thinking provides a framework for viewing a social-ecological
system as one system operating over many linked scales of time and space
(Walker and Salt 2006)

Resilience thinking is an alternative way to understand and manage human activities
in a social-ecological system. Its major focusis on the whole system and the
likelihood that it crosses a threshold and moves into a different regime in response to
disturbance. From this broader perspective, resilience hasthree defining
characteristics:

1. The extent to which a system can absorb recurrent natural and human
perturbations and continue to function with the same structure, identity and
feedbacks.

2. The degree to which a system is capable of self-organization.
3. The ability to build and increase the capacity for learning and adaptation.

Resilience is fundamentally linked to the capacity for biophysical, economic and
institutional systemsto absorb disturbance without undergoing fundamental changes
in their functional characteristics. It also refersto the capacities for multiple
components to reorganize (or self-organize) in response to each other. Qustainability
thus involves both maintaining functionality of the system when it is perturbed as well
as maintaining the elements needed to renew or reorganize if a large perturbation
radically alters system structure and function (Walker et al. 2002) —essentially
maintaining the adaptive capacity of the system at all levels. Levin and Lubchenco
(2008) stress that resilience thinking involves focusing on heterogeneity (e.g.,
diversity, functional redundancy), modularity (e.g., compartmentalization in space
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and time), and the tightness of feedback. OF particular importance to this paper, they
stress that modularity (e.g., spatial management) tends to tighten feedback loops.

e Ecosystem-based fishery science (EBFS) should focus on “second stream”
approaches to science (e.g., interdisciplinary, holistic, focus on
understanding rather than prediction) which encourage management
approaches that facilitate existing processes and variability and are
proactive rather than reactive (Holling 1993, Holling and Meffe 1996,
Francis et al. 2007).

The important question to ask here is: why has west coast fishery science and
management failed so miserably? Two clues come from writings at the roots of the
emerging discipline of sustainability science and management with itsfocuson the
dynamic interactions between nature and society. West coast fishery science has had
an almost religious focus on providing scientific advice through quantitative stock
assessment. The tendency isto promote the simplification of value to a few
quantifiable and marketed variables (e.g., individual population and harvest biomass)
and demote the importance of unquantifiable and unmarketed variables (e.g.,
ecological life support and regenerative services). The focus of modeling is on
optimization and economic efficiency in a narrow abstract world of independent parts
(e.g., populations or stocks) with strong equilibrium tendencies. Walker and Salt
(2006) indicate that this striving to be efficient in the narrow sense leads to
elimination of redundancies and drastic losses in overall system resilience.

Holling (1993) and Holling and Meffe (1996) relevantly comes to grips with thisissue
asit appliesto natural resource science and management. They say that science and
management are inextricably linked and that there are (at least) two forms, or
streams, within which these linkages can take place.

First Stream Second Stream
Science e Yystem knowable and predictable e Ecosystem evolving, hasinherent
¢ Sience of parts and disciplines unknowability and
o Seek prediction unpredictability

e Science of integration
e  Seek understanding

Command and Control Golden Rule
Policy e Problem perceived, bounded, e Retain and restore critical types
solution for control developed and ranges of natural variations
o (Objective: reduce variability and o Facilitate existing processes and
make system more predictable variability
e Reactive e Proactive
o Adaptive

First stream science tends to be disciplinary, reductionist, and detached from people,
policies and politics. It islinked with command and control management in which a
problem is perceived and a solution for its control is developed and implemented. The
focus of management is on controlling or commanding aspects of a system to derive
an optimized return (Walker and Salt 2006). The use of independent single species
quantitative stock assessmentsleading to “optimal” harvest biomass quotas based on
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the concept of maximum sustainable yield (MSY) is a classic example of this linked
approach to science and management. When problems arise (e.g., overfishing), rather
than questioning the validity of the model being applied, the response is often to
exert greater control over the system, thus exacerbating the problem (Walker and
Salt 2006).

Second stream science isinterdisciplinary, holistic, and focuses on the relationships
between nature and society which produce resilience. It tends to be linked with
“Golden Rule” management which strivesto facilitate existing processes and
variability rather than changing or controlling them. Holling (1993) and Holling and
Meffe (1996) argue that the key to maintaining resilience in ecosystemsisto facilitate
existing processes and variability, rather than trying to control them. When some part
of a system is held constant in an attempt to derive an optimized return (e.g., MSY,
constant harvest rate) the system as a whole adapts and frequently losesresilience in
the process (Walker and Salt 2006).

e Smple management rules are at the heart of EBFM (Berkes and Berkesin
review).

The need for simple rules when dealing with complex systemsis counter-intuitive to
both scientists and policy makers. However if one looks at examples of successful
EBFM, one will find simple management rules (e.g., Pacific coast sardine management
- PFMC 1998, Bristol Bay sockeye salmon - Hilborn et al. 2003, marine protected areas
of New Zealand - Warne 2007).

e Once management expands its image and embraces the social-ecological
context of a fishery, the focus of EBFM can be substantially different
depending on the scale of the fishery being managed.

According to Levin (1992), the issue of scale is “the fundamental conceptual problem
in ecology, if not in all of science.” Certainly the issue of scale is central to the
concept of EBFM. Perry and Ommer (2003) expand on this and say that the issue of
scale is central to understanding the reciprocal interactions between humans and
marine ecosystems. As Cash et al. (2006) make clear, “closely related to spatial scale
are jurisdictional scales defined as clearly bounded and organized political units, e.g.,
towns, counties, states, or provinces, and nations, with linkages between them
created by constitutional and statutory means.”

e Space isan essential dimension of EBFM (Francis et al. 2007).
S, as an important component of EBFM, we suggest that spatial management should:

o Consider spatial aspects of interactions between humans and nature,
e Incorporate the capacity for resilience thinking,
e Be “second stream” in its approach to both science and management,
e Employ ruleswhich are as ssimple as possible in achieving the desired results.
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It is, therefore, this critical context that will govern our considerations of spatial
management of west coast groundfish in the remainder of this white paper.

APPROACH, SCOPE OF SYNTHESIS AND PRODUCTS

Effective management is crafted from informed decisions. Thiswhite paper 1)
synthesizes the state of knowledge of scales of organization in the various U.S west
coast groundfish fisheries (in the sense of McEvoy 1996) and 2) identifies and
prioritizes spatial matches and mismatches between various components of the west
coast groundfish fishery.

In particular we examine spatial scales of organization for west coast groundfish
physical habitat, populations (metapopulations), ecological assemblages (ecosystems),
fishing communities, and management. We then identify, compare and contrast
various spatial matches and mismatches within this social-ecological system. These
comparisons range from unique small-scale relationships between local stocks and the
fishing communities that depend on them to more general coastwide species
distributions and fishery use patterns. Understanding the naturally occurring scales
facilitates identification and prioritization of mismatches between the system and its
governance. From this point, management can evaluate alternativesin the face of
mismatches. Present management measures (e.g., Rockfish Conservation Areas, gear
restrictions) may suffice for certain sectors of the fishery. In others, new tools (e.g.,
area-based allocation, Marine Protected Areas, individual fishing quotas) may be
appropriate to enhance proper spatial management, safeguard against localized
overfishing, and conserve population and age structure needed to increase the
likelihood of successful spawning and recruitment events (Berkeley et al. 2004).

Thisreport includes three components: the written summary included here, an
electronic database of all the material used to generate this synthesis, and a
compilation of most of this published and gray literature in the form of PDF
documents. The literature database was compiled in EndNote (version 7.0), one of
the most popular and readily available electronic bibliographic databases. The
collection of PDF documents will be available as linked attachments through the
Endnote library file as well as on the web at both Dr. Francis’ website at University of
Washington and the Pacific Marine Conservation Council website www.pmcc.org.
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2. REVIEW AND SYNTHESS OF SPATIAL SCALES OF PHYSICS
AND ECOLOGY

Thisreview is, by intention, not encyclopedic. It is made in an attempt to keep the
entire groundfish fishery in focus. It is made within the context of ecosystem based
fishery management described in the introduction.

PHYSICAL HABITAT

Physical habitat is both static and dynamic. Satic physical structure is both nonliving
(e.g., geomorphology) and living (e.g., macro-algae, corals). Dynamic physical
processes shape the spatial scale of biological production in the California Current
Ecosystem (CCE). And it isthe interface between static and dynamic processes that
creates distinct ocean ecosystems within the CCE We will discuss these interfacesin
two dimensions —latitudinal and cross-shelf (inshore-offshore).

Latitudinal structure

In terms of large scale bathymetric features, the most conspicuous one isthe variable
relative size of the continental shelf and slope along the west coast of North America
(Figure 2.1). Because depth is a major source of spatial variation in population and
community structure of fishes and invertebrates (see Cross-shelf structure below),
thislatitudinal variation in the on-offshore width of the continental shelf becomes a
major source of geographic variation in the composition and relative abundance of
fishes and invertebrates along the California Current System (CCS). This geographic
variation in the width and depth of the shelf also interacts with geographic patterns
of coastal upwelling to drive large-scale patterns of coastal oceanic productivity.
Quperimposed on this major source of bathymetric variation are regional-scale
features, including ridges and canyons. Williams and Ralston (2002) provide an
overview for the area of the CCSbetween Cape Blanco and Point Conception (Figure
2.1). The Mendocino Escarpment (Figure 2.2) is a large fracture zone that forms a
huge submarine ridge near Cape Mendocino (Fisk et al. 1993). In the region of
Monterey Bay and Point Qur are a number of large submarine canyons. These features
result in high diversity of shelf and slope structure, consequent demersal fish habitats
and their availability to fishing gear (Yoklavich et al. 2000). North of Cape Blanco,
Hickey (1998) describes two major canyons —Astoria and Juan de Fuca - and one
major bank —Hecata - which may affect rapid changes in shelf habitat, basic
biological production processes and availability to fishing.

The large scale physical oceanography of the CCEis described in detail by Lynn and
Smpson (1987), Hickey (1979, 1998), U.S GLOBEC (1994), Peterson et al. (2006),
Agostini et al. (2006). It is essentially a network of latitudinal surface and subsurface
flows that vary seasonally (Figure 2.3). The CCShas two (Agostini et al. 2006), three
(Peterson et al. 2006), or four (Hickey 1979, 1998) major currents which serve to
provide a dynamic mixture of subarctic and subtropical watersin the CCE The
California Current (CC —subarctic, cool, fresh) isa broad (~500 km) slow equatorward
flow that extends southward from the trans-Pacific flow of the West Wind Drift
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(Figure 2.4). The poleward California Undercurrent (CU —subtropical, warm, saline) is
a seasonal (March —September) narrow (10-40 km) sub-surface current, trapped along
the continental slope and strongest at depths of 100-300 m. In the winter (October —

February) this countercurrent comesto the surface and isreferred to as the Davidson
Current (DC).

Thus over the shelf and slope, there are biannual transitions between northward and
southward flow occurring, on average, during March-April (spring transition) and
Cctober-November (fall transition). These shifts are associated with seasonal shiftsin
atmospheric pressure fields and dominant wind flows (SN in winter, NW in summer).
Integrating all of this, one gets a seasonally variable north-south push and pull
between cool, nutrient rich subarctic water and warm nutrient poor subtropical
water.

This push-pull processis particularly amplified and spatially structured in Northern
California Current (NCC - continental shelf off northern California, Oregon and
Washington - Field et al. 2006a). Coastal upwelling and surface transport are the
dominant physical processes affecting biological production in the entire CCE
(Peterson et al. 2006). Upwelling in the NCC occurs primarily from April —September
coinciding with the spring (on) and fall (off) transitions mentioned above. Upwelling
occurs throughout the year off central and southern California. A combination of
upwelling itself along with the advection of subarctic water (and its associated
plankton communities) feeds the inshore arm of the NCC creating conditions favorable
for the development of a huge biomass of subarctic zooplankton. The subarctic
copepod community tends to be dominated by large, abundant, fatty species which
greatly enhances pelagic production. The subtropical copepod community, which
entersthe coastal NCC from the south and offshore, is dominated by small, less
abundant, low lipid species which tends to reduce pelagic production.

Peterson et al. (2006) show that the occurrence of these plankton communitiesin the
NCCtend to vary with the dominant North Pacific climate signals —Pacific Decadal
Oscillation (PDO) and B Nifio Southern Oscillation (ENSO) (Figure 2.5). They conclude
that during “cold” PDOregimes, alarger amount of cold subarctic water entersthe
CCE from the coastal Gulf of Alaska as opposed to the (offshore) West Wind Drift.
During “warm” PDO regimes, smaller amounts of subarctic water enter the CCE from
the coastal Gulf of Alaska and more transition or subtropical water enters from the
offshore West Wind Drift or from the south (Figure 2.6).

In addition, Peterson and Keister (2003) speculate that during B Nifio (warm ENSO)
events, warm water species are brought into the coastal NCCin winter by a
combination of increased northward transport in the Davidson Current and onshore
transport of offshore waters. Peterson (Appendix 1) further reportsthat during
extreme warm ENSO events (e.g., 1983, 1997-98), massive quantities of subtropical
water flood the NCC, disrupting the entire upwelling biological production process for
months on end.

Peterson (Appendix |) also indicates that there is considerable latitudinal spatial
structure to the physical oceanography of the coastal upwelling zone itself. Off
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Washington and northern Oregon, upwelling winds are relatively weak and upwelling
isa“linear” process. The circulation more or less tracks the bathymetry, with a
southward flowing upwelling jet current (Barth et al. 2000) usually developing in mid-
shelf waters. In the region just north of Cape Blanco, the shelf beginsto narrow,
winds and upwelling intensify, and coastal waters are carried offshore. Moreover, the
CCitself begins to change from a simple “laminar flow” system to one dominated by
high activity of mesoscale jets and eddies that “wander around seemingly at
random.” Thus, at or near Cape Blanco, what was once a simple lazy southward
current becomes a “maze of swirling eddies.” This whole process of strong spring and
summer upwelling winds (the strongest in the entire CCS and turbulent coastal flows
continues south to Cape Mendocino (Botsford and Lawrence 2002).

In terms of physical forcing of biological production, there appearsto be alarge
difference between the northern and southern CCS with the area between Capes
Blanco and Mendocino as the boundary between these two regions. Thistransition
region is also the southern boundary of subarctic zooplankton species (U.S GLOBEC
1994, Peterson et al. 2006).

The area south of Point Conception is substantially different from that to the north.
The topography is complex, and the shelf istypically narrower and shallower than to
the north, and the coastline suddenly changes from north-south to east-west. In
addition, a semi-permanent cyclonic gyre existsin the Southern California Bight. This
gyre mixes cooler CC water with warmer watersintruding from the southeast (Hickey
and Banas 2003). Most importantly, local wind stressis an order of magnitude smaller
near the coast (S California Bight) during summer to fall than north of Conception,
and local upwelling generally occursin winter and early spring in the Bight (Hickey
1998). Peterson et al. (2006) and Botsford and Lawrence (2002) show that Point
Conception is a significant thermal barrier, with much warmer water occurring south
of the point. Burton (1998) supports this point based on genetic sampling of pelagic
zooplankton, saying:

Point Conception’s strong impact on species distribution probably derives from
its oceanographic position as a boundary between cold and warm water
masses..rather than its potential role as a barrier to gene flow.

U.S GLOBEC (1994) also addresses the basic physical structure of the CCSand divides
the U.S coastal component into three areas, with the breaks at Cape Blanco and
Point Conception:

Each is forced by somewhat different physical processes..Each of these regions
is characterized by differences in wind stress, intensity of coastal upwelling,
coastal morphology, freshwater inflow, large-scale advection and the level of
mesoscale activity..As a result, each region harbors a somewhat different
ecosystem structure.

When we asked Bill Peterson (NMFSNWFSC, Newport, OR) what it is about the Capes
that creates biogeographic barriersthat extend out to sea, he responded:
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Even a brief visit to Cape Blanco on a summer afternoon will reveal the
answer: winds are unbelievably strong there and | believe the answer is
related to orography of the coastal mountains and the funneling of air at high
speeds from the Klamath Basin to the coast. Orographic effects are also what
create a wind-max at Point Arena (which if you have ever been there, you
know that it is not really a point at all; and is certainly not a cape). But the
high winds there are due to a gap in the coast range that sucks air to the coast
from the Sacramento Valley.

Mueter et al. (2002) examined spatial correlationsin three coastal environmental
variables (upwelling index, sea surface temperature and sea surface salinity) from
California to Alaska and related these to spatial patternsin salmon survival. They
conclude that the variability in the coastal marine environment during summer is
dominated by regional variability at the scale of several hundred to 1000 km. Thisis
likely due to the complex mesoscale features that develop in response to coastal
upwelling jets as well astopography and orography. Thisis also reflected in regional
scale variability in survival rates among salmon stocks.

Cross-shelf structure

Cross-shelf structure is fundamentally defined by substrate and depth. Allen et al.
(2006) provide an excellent overview of this (Figure 2.7). Smplifying a bit, substrate
can be either hard (e.g., rocky reef, kelp bed rocky reef, bank) or soft. Depth strata
include nearshore, shelf, and slope. Gabriel (1982) indicatesthat several
environmental features are strongly related to depth, including bottom temperature,
ambient light, pressure, sediment type and bottom topography.

From the biophysical context, nearshore demersal habitats tend to be driven by highly
energetic and variable physical processes, are strongly influenced by the coastline
itself, and exhibit a broad range of temperatures. Conversely, deep offshore areas of
the continental shelf and slope are generally colder, low oxygen demersal habitats
with relatively stable and predictable ocean environmental conditions. Largier (2003)
and Shanks and Eckert (2005) distinguish the nearshore coastal region from the
offshore shelf and slope regions by the relative influences of advection and diffusion
as dispersion mechanisms. Talking about larval movement in the plankton, Largier
(2003) says “larvae must go offshore to get alongshore.” The nearshore is
characterized by a coastal boundary layer of weak flow which is, in effect, a
retention zone along the shoreline —termed “sticky water.” How speeds along the
coast are typically slow due to the drag of a shallow bottom, the roughness of the
coastline and the proximity of the solid coastal boundary. Any cross shelf dispersal
near to shore is primarily due to diffusion rather than advection. Off the northern
California coast, Largier (2003) reports cross-shore diffusivitiesin the order of 1-10
m? sin nearshore, 100 m?/ s over the wind driven shelf, and 1000 m% s or greater in
offshore waters.
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POPULATION SCALE —GENETIC, METAPOPULATION, POPULATION DYNAMIC/ STOCK
ASSESSMENT, LIFE HISTORY

Broad spatial distribution of spawning and recruitment is at least as important
as spawning biomass in maintaining long-term sustainable population levels
(Berkeley et al. 2004).

The groundfish resource can be partitioned at the individual species population level.
This partitioning or structuring can be measured in a number of different ways: life
history (Berkeley et al. 2004, Shanks and Eckert 2005), genetic (Cope 2004),
metapopulation (Gunderson and Vetter 2006), (closed —completely self recruiting)
population dynamics (Field and Ralston 2005).

If at all possible, we wish to avoid developing an encyclopedic sense of what is known
about spatial structure for each species being exploited, and then somehow asking
you, the reader, to synthesize and integrate this information. We wish to use studies
which reflect on population structure at the individual species level to synthesize a
more general determination of the demographic connections of various groundfish
species. Otherwise phrased, how widely and how fast do groundfish disperse aslarvae
and juveniles, and move as adults?

We begin with the how life histories vary on spatial scales. The classic example of this
isthe case of Bristol Bay, Alaska, sockeye salmon (Hilborn et al. 2003). They show
how individual populations with diverse life history characteristics and local
adaptations (summarized conceptually as biocomplexity) has enabled the resource as
a whole to sustain its productivity despite major changesin physical climate affecting
freshwater and marine habitats during the 20" century. They show how different
geographic components have performed well at different times, thuslending relative
stability and sustainability to the fishery as a whole. Berkeley et al. (2004) make a
similar argument for marine fish species. They show how most marine fish spawners
fail to produce surviving offspring because their reproductive activity is not matched
in space and time to favorable oceanographic conditions for larval survival. This
suggests that the geographic source of successful recruits may differ from year to
year, and that “based on these considerations, management should strive to preserve
minimal spawning biomass throughout the geographic range of the stock.” Ames
(2004) shows the effects of systematic depletions of Atlantic cod geographic spawning
componentsin the Gulf of Maine, and how this spatial erosion may preclude recovery
of the resource as a whole.

We now move to specific agpects of spatial patterns of west coast groundfish.
Gunderson and Vetter (2006) focus on population structure in their comprehensive
and eloquent characterization of metapopulation structure of west coast rocky reef
fishes. They evaluate larval dispersion and, essentially, examine how various
reproductive strategies and oceanographic conditions are reflected in population
genetic structure. They present four scenarios of metapopulation structure (Figure
2.8):
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1.

Broad dispersal —Larvae are broadly advected away from their natal location
and disperse freely among populations along the coast.

Mesoscale dispersal —Larvae and pelagic juveniles are advected away from
their natal location but are entrained within mesoscale oceanographic features
such as upwelling fronts, jets and shadows, or inland basins. Populations are
self-recruiting on a regional rather than local or coastwide scale, with limited
dispersal between oceanographic domains.

Diffusive dispersal —The life history takes place within a domain of “sticky
water” where advective processes are limited and alongshore flows are
dominated by reversing tidal currents. In these nearshore regions, structures
like dense kelp forests, highly structured rocky reefs, bays and estuaries
provide the opportunities for swimming larvae to avoid entrainment into bulk
offshore flow. This kind of metapopulation structure isreflected in strong
correlation between genetic distance and geographical distance.

4. Non-dispersing —Recruitment islocal and populations are essentially closed.

Gunderson and Vetter (2006) indicate that depth is perhaps the most significant
spatial structuring variable for west coast groundfish. They report genetic studies
which indicate that metapopulation structures of west coast rocky reef fishestend to
change with depth. These patterns of genetic structure (lower in deeper offshore
waters) coincide with the relative dispersal potential of fish and crustacean
assemblages distributed across the onshore-offshore depth gradient (Shanks and
Eckert 2005).

Broad dispersal and coastwide populations tend to occur in the outer shelf and
slope. The short- and longspine- thornyheads, Sebastolobus alsacanus and S
altivelus, are prime examples of this. The only constraintsto panmixia over
broad environmentally homogeneous geographic areas of the continental slope
appear to be due to larval retention in currents and gyres (Sepien 1999,
Sepien et al. 2000).

Mesoscale dispersal has been inferred among deep reef speciesthat can be
identified in the ichthyoplankton. Buonaccorsi et al. (2004, 2005) indicate that
deep reef rockfish species such as bocaccio (S paucispinis), shortbelly (S
jordani) and cowcod (S /evis) are often found in offshore ichthyoplankton
surveys and appear to exhibit significant alongshore advection and concentrate
in oceanographic fronts and gyres —evidence of mesoscale dispersal. Matala et
al. (2004) report that the genetic variation of west coast bocaccio partitions
into three groups, with breaks at Cape Blanco and Point Conception. They infer
that oceanographic influences might restrict larval transgport, thereby limiting
gene flow or genetic structure. Cope (2004) reports a major break in the
population structure of blue rockfish at Cape Mendocino.

Diffusive dispersal is common among nearshore rocky reef species, particularly
those with associated kelp forests. These species show a strong isolation by
distance signal over shorter distances within oceanographic regimes (e.g., kelp,
grass, copper and brown rockfish - Buonaccorsi et al. 2004, 2005). They may
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also show regional differences that suggest oceanographic barriersto dispersal
at the larger scale (e.g., grassrockfish - Buonaccorsi et al. 2004). Diffusive
dispersal appears not to be limited to nearshore species. Gomez-Uchida and
Banks (2005) hypothesize diffusive dispersal for darkblotched rockfish, a
deepwater species they sampled in the NCC slope. They estimated a mean
(intergeneration) dispersal distance of lessthan 1 km.

e Non-dispersing species are rare and generally reside in the nearshore.

Of particular importance to this discussion isthe role of the three Capesin
determining metapopulation structure. In addition, the closer to shore, the more
evidence there isfor limited “ stepping-stone” dispersal reflected in a linear
relationship between genetic distance and geographic distance (Figure 2.9). And thus,
whereas the capes may provide adequate spatial structure for offshore species, units
as small as 10 km may be more appropriate for managing nearshore resources
(Gunderson et al. in review).

Field et al. (2006b) review what is known about movement patterns for west coast
adult groundfish. They indicate that tagging shows the bulk of adult rockfish are
highly sedentary with some gradual ontogenetic movement to greater depths common
to most shelf and slope species. In addition, Gunderson (1997) showed that fishing
induced changes in abundance and age composition of adult Pacific ocean perch, a
slope species, were highly localized, even decades after fisheries impacts. This
suggests little to no adult migration of this species between areas of suitable habitat
as close as 30 km. Adult lingcod appear to have somewhat greater, albeit still
relatively modest, movement rates. Sablefish exhibit even greater latitudinal
movements and significant ontogenetic movement towards greater depths as they
grow older. Adult flatfish exhibit modest latitudinal and strong seasonal bathymetric
movements (Field et al. 2006b). Table 2.1 summarizes known or suspected movement
patterns for adults of key west coast groundfish species.

Sudies of population dynamics have also been useful in delineating west coast
groundfish spatial structure. Field and Ralston (2005) studied spatial patterns of
recruitment of three winter spawning and commercially important species of shelf
rockfish (e.g., chilipepper, widow and yellowtail) in the California Current System. In
all three species, they found substantial spatial synchrony in year-class strength over
scales on the order of 500-1000 km, and that “much of the spatial variability in year-
class strength that does exist is associated with major geological features such as
Cape Mendocino and Cape Blanco.” (Figure 2.10) These species would seem to further
exemplify the mesoscale dispersal patterns discussed by Gunderson and Vetter (2006).

A summary of recent (2005) PFMC stock and stock complex assessmentsrevealsthat a
significant number were divided into two or more independent stocks or assessment
regions (PFMC and NMFS 2006). Sock assessment breaks occurred at Cape Blanco
(lingcod, petrale sole), the Oregon-California border (kelp greenling), Cape Mendocino
(English sole, bocaccio and yellowtail rockfish). Yelloweye rockfish was assessed
separately by state (Washington, Oregon, California). However due to lack of
convergence in the Washington assessment, is currently managed on a coastwide
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assessment. The SXC did encourage further development of area-specific models given
the apparent vulnerability of yelloweye to localized depletions (PFMC March 2006 SSC
statement on yelloweye rockfish). Cabezon was divided into two regional assessments
with the break at Point Conception. Minor rockfish assemblages were assessed and
managed at four depth strata (shallow nearshore, deep nearshore, shelf and slope)
with a latitudinal break at Cape Mendocino. In another development, Cope and Punt
(in review) are developing a method of stock identification that uses spatially
resolved standardized measures of relative abundance (either survey- or fishery-
based) and a simple statistical clustering approach to combine areas with similar
abundance trends.

O Farrell and Botsford (2006) address the issue of groundfish stock assessment in a
data poor environment, and provide an argument for supporting the spatial
distribution of west coast “big old fat female” rockfish (Berkeley et al. 2004). They
show that for marine fish, population persistence is best represented by lifetime egg
production (LEP), the total number of eggs produced by a female over her lifetime.
Using length-frequency data, they present changesin LEP from 1980-2000 for five
species of nearshore rockfish. LEP is a similar measure to Spawning Potential Ratio
(SPR = spawning per recruit at the current population level relative to that at a
stock’s unfished condition) used in the PFMC s groundfish management Environmental
Impact Satement (PFMC 2005). What is of particular interest here isthat O Farrell
and Botsford (2006) show how LEP changed differentially in neighboring geographic
regions (Figure 2.11). Thisindicates that the effects of fishing mortality in truncating
size structure and reproductive potential are not evenly distributed over space.

ECOLOGICAL ASSEMBLAGE AND ECOSYSTEM SCALE

Spatial structure of west coast groundfish has been extensively studied at both the
assemblage and ecosystem scale. Gabriel (1982) defines an assemblage as a “ group of
co-occurring species which do not necessarily interact biologically but which are often
the object of a common multispecies fishery.” Thus, the focus of assemblage analysis
is on co-occurrence and not ecological interactions. However, in addition to habitat,
food webs create the fundamental organizing relationships in ecosystems (Paine 1980,
Francis et al. 2007). So, the focus of fisheries ecosystem analysisis on food webs and
how they might be used to form a context for fishery management policy. In this
white paper we are looking for evidence of spatial structure in west coast groundfish
assemblages and marine ecosystems.

Assemblage analysis

Gabriel (1982) performed the first comprehensive assemblage analysis of west coast
groundfish along the continental shelf and upper slope based on data collected during
the first triennial NMFS summer trawl survey conducted in 1977 from northern
Washington to southern California.

Asisthe case with all subsequent assemblage analyses, depth isthe major factor that
determines assemblage boundaries: “ The effect on species composition of moving 50
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fm (92 m) in depth within a degree of latitude is usually greater than moving 1°in
latitude.” Gabriel (1982) delineated outer shelf/ upper slope from mid to outer shelf
assemblages coastwide.

Latitude was second to depth in influencing assemblage boundaries. Reflecting the
work of Parrish et al. (1981), Gabriel (1982) indicates that wind stress and current
patterns (referred to above) may be the most important factors controlling north-
south differencesin species assemblage structure. In thisregard, she makes particular
reference to the area between Capes Blanco and Mendocino, which “incurs the largest
annual variation in north-south surface wind stress of any area between Cape Fattery
and Point Hueneme,” affecting a very simple (i.e., low diversity and standing stock)
assemblage structure dominated by Dover sole offshore and Pacific hake at mid-shelf.
Gabriel (1982) also found very different rockfish assemblages south of Cape
Mendocino (e.g., small size, early maturity, low fecundity, short life —splitnose,
chilipepper, bocaccio) than north of Cape Blanco (e.g., larger size, late maturity, high
fecundity, long life —canary, Pacific Ocean perch, silvergrey). She attributesthis
difference to the fact that advective loss of larvae may be more likely in southern
regions where BEkman transport (upwelling) is offshore year round and, as aresult, a
greater proportion of production islikely to be pelagic.

Jay (1996) examined the 1977-1992 NMFStriennial trawl survey data to assessthe
variability in the summertime spatial distribution of west coast groundfish
assemblages. Like Gabriel (1982), Jay also found assemblage discrimination to be
primarily a function of depth and latitude. The interesting finding of his analysisisthe
preponderance of hake-dominated assemblages throughout the study area, inshore-
offshore and north-south, and the suggestion that hake may play a large role in the
dynamics of west coast demersal fish communities. Thisfinding is supported by a) the
massive increase in hake biomassin the mid to late 1980s due to the influx of two
enormous year classes (Field and Francis 2006, Figure 2.12), and b) the strong
environmentally driven spatial variability in hake summer feeding range in the NCC
(Figure 2.13). It isclear that in periods of high hake abundance and a “warm” PDO
regime or even B Nifio conditions, the NCC could be inundated with hake from the
nearshore to the dope. This seemsto be a biological analog of Peterson’s B Nifio
“floods” of warm water.

There have been several analyses of west coast rockfish assemblages based on NMFS
triennial survey data. Weinberg (1994) analyzed rockfish assemblages from Cape
Blanco north, employing the 1977-92 NMFStriennial trawl surveys. Williams and
Ralston (2002) analyzed rockfish assemblages from Cape Blanco south, employing the
1977-98 NMFStriennial trawl surveys. Both analyses covered continental shelf and
upper slope regions.

North of Cape Blanco, Weinberg (1994) found that rockfish could be broken into two
major assemblages —shelf (150 m avg. depth, yellowtail, canary, greenstriped,
sharpchin, redstripe, rosethorn) and slope (250 m avg. depth, shortspine thornyhead,
Pacific Ocean perch, darkblotched, splitnose). He also found that rockfish species
diversity peaked along the outer shelf (~200 m) where centers of abundance of
several species overlapped.
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South of Cape Blanco, Williams and Ralston (2002) found that rockfish could be broken
into four major assemblages: deepwater slope, nearshore, southern shelf and
northern shelf. Separation between shelf and slope assemblages was roughly at 200-
250 m. Southern shelf assemblage ranged from Cape Mendocino south and northern
shelf assemblage ranged from Monterey Canyon north, leaving the area between
Monterey Canyon and Cape Mendocino as an area of overlap for these assemblages.
The nearshore assemblage resided in waters less than 150 m depth.

It isinteresting to examine the species overlap between Weinberg (1994) and Williams
and Ralston (2002) as a function of depth. All of Weinberg's slope species appeared in
Williams and Ralston’s deepwater sope assemblage. All except one of Weinberg's
shelf assemblage appeared in Williams and Ralston’s northern shelf assemblage. And
only one of Weinberg's shelf assemblage appeared in Williams and Ralston’s southern
shelf assemblage. No comparison of nearshore assemblage could be made since the
NMFS survey covers no habitat shallower than 55 m.

Williams and Ralston (2002) found that species richness peaked at around 200-250 m,
particularly in the shelf region between Monterey Canyon and Cape Mendocino (Figure
2.14) —essentially the overlap region between the northern shelf, southern shelf, and
deepwater slope assemblages.

Tolimieri and Levin (2006) analyzed the NMFS 1999-2002 continental slope trawl
surveys to attempt to characterize slope groundfish assemblages. The surveys
extended from Cape Flattery, Washington to southern California and ranged in depth
from 200-1200 m. Their analysisidentified five assemblages which separated primarily
on depth and latitude. There was a major shift between deepwater and shallow slope
assemblages at 500-600 m, perhapsin response to an oxygen minimum zone at 600-
1000 m. Latitudinal variation in assemblage was much more noticeable in shallow
slope regions (4 assemblages) than in deepwater slope regions (1 assemblage). Much
of the latitudinal variation was correlated with major geographic features —Capes
Mendocino and Blanco. The most interesting assemblage group was made up of Dover
sole, sablefish, shortspine and longspine thornyheads —all commercially important
deep water species. This assemblage had a depth distribution that varied with
latitude, being found in a shallower depth range in the north than in the south.
These species are known to move into deeper water is they age based, perhaps, on
developing the ability to penetrate low-oxygen waters.

All of the above-mentioned analyses were conducted on bottom trawl surveys under a
stratified random sample design. Rogers and Pikitch (1992) did a similar analysis
based on Oregon trawl observer records collected during 1985-87. They found five
assemblages. Two of these were shelf and deepwater rockfish assemblages very
similar to those reported off Oregon and Washington by Weinberg (1994). Two others
were essentially single species assemblages —pink shrimp and midwater widow
rockfish. The other two were deep water Dover (primarily Dover sole and sablefish)
and a nearshore mixed species assemblage consisting primarily of flatfish (sand sole,
starry flounder, sanddab and English sole). These results clearly show that Oregon
trawlers were able to easily target these assemblages, and that the assemblages
seemed to persist throughout the year. Lee and Sampson (2000) found four similar
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assemblages when analyzing Oregon bottom trawl logbooks from 1987-93. Unlike Jay
(1996), their results show little effect on assemblage structure of a massive decline in
Pacific hake biomass over the study period.

Spatial structure of inshore species assemblages have been examined and identified at
smaller spatial scalesthan those identified in deeper offshore waters. At the extreme
inshore, studies of the gpatial structure of rocky intertidal communities have detected
strong spatial structure throughout the west coast of North America (Blanchette et al.
2008). Some of these patternsreflect large-scale features such as the bifurcation of
the central Pacific Gyre (Figure 2.4), others coincide with the major headlands
described above (e.g., Point Conception, Pt. Reyes) and at smaller scales as well
(e.g., four major community structures within the Southern California Bight).
Smilarly, the community structure of soft-bottom fishes and invertebrates within the
southern California Bight exhibits spatial structure that is both depth and
geographically distributed along the coast (Bergen et al. 2001). The fish, invertebrate
and algal assemblages associated with kelp forests on shallow (0-30 m depth) rocky
reefs also exhibit geographic structure defined my major headlands (e.g., Point
Conception), regional oceanographic conditions (e.g., exposure to the California
Current, coastal upwelling), local coastal oceanographic conditions (e.g., swell
exposure), geologic and biogenic structure (i.e., rock and kelp type) and, nearshore
islands (Foster and Scheil 1985, Ebeling and Hixon 1991, Sephens et al. 2006,

Soringer et al. 2007, M. Carr et al. in prep.).

Ecosystem analysis

Unlike assemblage analysis which focuses on the co-occurrence of species, the focus
of fisheries ecosystem analysisis on ecological interactions between co-occurring
species —in particular on food webs and how they might be used to form a context for
fishery management policy. Due to data requirements, most ecosystem analyses
discussed here are conducted at either a semicoastwide or coastwide scale.

In addition, due to data requirements and the nature of scientific investigations of
ecosystems, these analyses will not provide the same kinds of direct management
advice that stock assessments do, which necessitates that the institution of EBFM
requires developing a new context for fishery management (Francis et al. 2007) within
the realm of sustainability science (Schellnhuber 1999, Kates et al. 2001). One tenet
of this new mindset isto manage to avoid catastrophic outcomesin the system as a
whole rather than to optimize isolated components of the system (Walker and Salt
2006). Given this, we examine several ecosystem analyses and see what they can
contribute to our understanding of spatial structure in the CCE

Two of the most important aspectsthat ecosystem analysis reveals are the structures

of ecosystem forcing (i.e., top-down, bottom-up) and production pathways (i.e.,
benthic, pelagic).
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Ecosystem forcing

Field et al. (2006a) used a dynamic ecosystem model to explore the structure and
dynamics of the Northern CCE and how that structure may have been influenced by
both climate forcing and fishing over the past 40 years. They showed that climate
affects ecosystem productivity and dynamics both from the bottom-up (through short
and long term variability in primary and secondary production) as well asfrom the
top-down (through variability in the abundance and spatial distribution of key
predators —in particular Pacific hake). They also showed that fishing down many
predator populations may have caused significant restructuring of the system.

Levin et al. (2006) document these fundamental shiftsin the structure of fish
assemblages along the continental shelf based on an analysis of 1977-2001 NMFStrawl
surveys. They show that over this period, flatfish, cartilaginous fish and small rockfish
associated with soft substrate increased, whereas populations of large rockfish
associated with hard substrates dramatically declined. They estimate that average
fish size, across a diversity of species, has declined 45%from 1977 to 2001.

Scaling down spatially, Yoklavich et al. (2000) and Love and Yoklavich (2006) report
dramatic changesin community composition of heavily fished rocky reef habitats
(e.g., Hecata Bank, Oregon) where large piscivorous species such as lingcod,

bocaccio, yelloweye and cowcod have been substantially depleted and the abundance
of smaller faster growing species such as greenstripe, rosethorn, splitnose and pygmy
rockfish hasincreased. Based on observations from submersibles, they also report that
rock outcrops of high relief in submarine canyons (e.g., Soquel Canyon, Monterey Bay,
California) can provide natural refuge for large piscivorous rockfish. Baskett et al.
(2006) provide further supporting evidence that overfishing of deep rocky reefs off
California and Oregon has substantially reduced densities of larger rockfish species
(e.g., canary, bocaccio, yelloweye), thereby releasing predation and competition
pressures and likely causing a subsequent explosion of smaller species populations
(e.qg., greenstripe, splitnose, pygmy) in higher quality habitat previously dominated by
the larger species. Harvey et al. (2006) examined spatial and temporal trendsin the
abundance of 16 shelf rockfish species from 1980-2001 between central California and
Washington, and found that density changes varied between region and were most
often associated with large-bodied rockfish (Figure 2.15).

Reum (2006), in a recent study of the spatial and temporal variability in the Puget
Sound, WA food web, indicates that the pervasiveness of piscivory within the fish
community can indicate variation in food chain length and the potential for tight
predator-prey relationships, and that changesin the prevalence of piscivores at the
same site over successive years can indicate degraded ecological integrity.

Finally, Ware and Thomson (2005) address the question of bottom-up versus top-down
forcing of the CCE at both the large scale (INPFC areas extending from southern
California to western Alaska —mean surface area, 67,157 km?) and smaller areas for
coastal British Columbia (mean surface area 19,000 km?). They found strong
association between alongshore variation in retained primary production (mean
annual chlorophyll-a concentrations from 1998-2003) and alongshore variation in
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resident fish yield (mean annual yields from 1960-1998) at both spatial scales. They
conclude that there are strong bottom-up trophic linkages between phytoplankton,
zooplankton and resident fish extending from areas as large as 145,000 km? to areas
as small as 7,200 km?,

Production pathways

Understanding of the importance of different energy sourcesis essential to
understanding food web dynamics (Reum 2006). Unfortunately, few studies of the CCE
have investigated the relative importance of benthic or detrital-based energy
pathways as opposed to pelagic or phytoplankton-based pathways.

Field et al. (2006a) give a static view of benthic and pelagic pathways of the NCC
(Figure 2.16). They also present a dynamic view of the NCC food web (Figure 2.17),
the implications of which are interpreted by Levin et al. (2006), who report that in
1977, rockfish accounted for 60%o0f the coastwide shelf survey catch and flatfish 34%
whereas in 2001 rockfish comprised 17%and flatfish 80%o0f the survey catch. In
addition, within the rockfish assemblage, there were significant increases in many
smaller rockfish species (e.g., greenstriped, splitnose, chilipepper) and declinesin
most of the larger species (e.g., canary, bocaccio). They then speculate that this shift
from large to small bodied rockfish as well as the shift in the flatfish community
might alter the balance of benthic and pelagic pathwaysin the (coastwide)
ecosystem. Harvey et al. (2006) take this one step further and show how regional
differencesin the temporal trendsin rockfish density as a function of maximum body
size cause highly variable responses in regional rockfish community structures (Figure
2.18). So, they show clear fishing-induced assemblage structural changes which vary
at the regional scale.

Inshore on shallow rocky reefs, the productivity of local ecosystems and the reef
fishes they support appears to be closely linked to both primary (and detrital)
production of kelps (e.g., the giant kelp, Macrocystis, and the bull kelp, Nereocystis)
and the influx of planktonic production (Broitman and Kinlan 2006, Halpern et al.
2006, Springer et al. 2007, Graham et al. 2008). Rates of productivity of these
ecosystems varies markedly as a function of geographic variation in coastal upwelling,
advection and retention of coastal currents, and width of the nearshore shelf that
determines the area of reefs within the photic zone and the delivery of nutrients with
upwelled waters. All of these coastal features (geologic, atmospheric, and
oceanographic) vary substantially and characteristically among the regions delineated
by the major headlands along the coast of North America (Figure 1.1; Srub et al.
1987a,b, Broitman and Kinlan 2006, Graham et al. 2008).

West Coast Marine Ecosystems
Much has been written about west coast marine ecosystems that fallsinto no
reductionist category, other than ecosystems. Most of thisresearch which relates to

spatial structure focuses on the nearshore region, in particular on rocky reefs and
kelp forests.
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In June 2007, 80 concerned citizens and scientists from California, Oregon,
Washington, British Columbia and Alaska gathered to consider the management of
living resources on nearshore rocky reefs within the region. Their particular focus was
on nearshore ecosystems ranging from shoreline to a depth of about 40 m. The
following is an excerpt from their draft report in review by Fisheries (Gunderson et al.
in review):

Acoustic and conventional tagging long ago established that many adult fish
and shellfish inhabiting these reefs range less than 100 square meters over the
course of their lives. For many years, it was assumed that these adults were
linked over more extensive scales through their dispersive egg and larval
stages. However, recent genetic work has shown that in nearshore areas (less
than about 40 meters deep), larval dispersion can be very limited (Gunderson
and Vetter 2006), and many species conform to the “stepping stone” model
(Figure 2.8). Thislimited dispersal results from diffusive oceanographic
processes that tend to dominate advective processes as one moves shoreward
(Largier 2003). Depending on the parameters used in the model, mean larval
dispersion over several generationsis estimated to range from 1-40 km for the
species of rockfish that have been examined to date (Buonaccorsi et al. 2002,
2004). Propagule dispersion distances for kelp, and some species of abalone
are even lower than those in Table 1 (Morgan and Shepherd 2006, Reed et al.
2006). These findings present a new challenge to fishery managers
accustomed to managing populations which range more widely over the course
of their lives.

If we are to maintain the function and integrity of these nearshore
ecosystems, yet take advantage of the opportunities for consumptive use and
environmental services they provide, a new paradigm for management on
smaller spatial scales will be required.

S, from an ecosystem perspective, the nearshore coastal environment presents a
challenge to manage on fine spatial scales never before encountered with offshore
fisheries.

Much has also been written on the kelp forest ecosystems of the Aleutian Islands,
southern California, and the Gulf of Maine. Jackson et al. (2001) and Seneck et al.
(2002, 2004) focus on resilience of these ecosystems and removals of apex predators
and explosions in herbivores, primarily sea urchins, resulted in kelp deforestation at
local to widespread spatial scales. Kelps concentrate biomass and are a significant
source of nutrition for coastal marine ecosystems via food webs based on macroalgal
detritus (Seneck et al. 2002, Graham et al. 2008), thereby supporting complex food
webs and some of the most diverse and productive ecosystemsin the world. The key
to resilience in these ecosystems is maintaining biodiversity through functional
redundancies among predators and herbivores. When comparing the three regions,
widespread kelp loss seemsrarest in southern California where biodiversity is highest.
In all of these systems, a few species seem to be critical to maintaining healthy
trophic-level functions and avoiding rapid trophic cascades and ecosystem
restructuring.
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The major question is: what are the spatial patternsin these west coast nearshore
ecosystems? Halpern et al. (2006) report strong spatial variability in primary
productivity between sixteen different kelp forest sites around the Channel Islands,
California. They attribute thisto the complex bathymetry of the region aswell as
dynamic local oceanographic processes. They report that “thisvariability in
production in turn generates large variations in community structure and dynamics
around the idands.” Graham et al. (2008) discuss spatial variability in southern and
central California kelp forest ecosystems. They indicate that kelp is “an overwhelming
source of primary production and detritus that fuels both grazer-dependent and
detritus-dependent trophic pathwaysin these systems.” They report that the
dynamics and productivity of kelp populations can be highly variable in both space
and time. They use examples of out-of-phase dynamics of giant kelp populations on
either side of the Monterey Peninsula and across locations south of Point Conception,
even at the opposite ends of the same kelp forest (see also Edwards 2004). Finally,
they say that “kelp-associated processes may be responsible for much of the food-web
dynamics over short spatial scales and a broad range of temporal scales.”

BIOPHYSICAL SUMMARY

Physical processes important to coastal fisheries:

Due to the nature of upwelling winds, shelf and coastline structures, the area
between Capes Blanco and Mendocino creates a physical boundary (transition
region) between the areato the north and to the south. Thistransition region
has the strongest upwelling winds and turbulent coastal flows of the entire
CCs

Thus the major north-south division in the CCE occurs between Capes Blanco
and Mendocino and serves to define the Northern (NCC) and Southern (SCC)
California Current Ecosystems. The NCCis dominated by a seasonally variable
north-south push and pull between cool, nutrient rich subarctic water and
warm nutrient poor subtropical water.

The occurrence of two plankton communities (subarctic and subtropical) in the
NCC varies interannually according to large scale climate forcing, and has a
significant impact on overall pelagic production.

The area south of Point Conception isvery different from the areato the north
—much smaller local wind stress, warmer subtropical water, different timing in
the upwelling season.

Nearshore demersal habitatstend to be vastly different from deeper offshore
areas of the continental shelf and slope. Nearshore regions are typified by
“sticky water” with very low alongshore movement. Offshore regions are
generally colder, lower oxygen, and relatively stable ocean environments with
much stronger alongshore advective processes coming into play in the pelagic
region.
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Marine biological processes important to coastal fisheries:

Both static and dynamic physical processes are key determinants of spatial
structure of west coast marine fishery resources. For example, Gunderson and
Vetter (2006) discuss this at the metapopulation scale, Gabriel (1982) at the
assemblage scale, and Yoklavich et al. (2000) at the ecosystem scale.

Metapopulation structures of west coast rocky reef fishestend to change with
depth (Gunderson and Vetter 2006). Broad dispersal and coastwide populations
tend to occur offshore (outer shelf and slope). Mesoscale dispersal and
populations structured by the capestend to occur in mid to inner shelf regions.
Nearshore populations exhibit very limited dispersal.

Sudies of population dynamics tend to support spatial variability associated
with major geological features such asthe three capes.

Some stock assessments can be performed at this mesoscale.

Depth isthe major factor that determines assemblage boundaries. In general
speciesrichnessis highest at transitions between shelf and slope species
assemblages (Weinberg 1994, Williams and Ralston 2002).

Latitude is the second most important factor influencing assemblage
boundaries, and dynamic atmosphere-ocean processes such as wind stress and
current patterns are likely the most important factors controlling these north-
south structures (Gabriel 1982).

Assemblage analyses based on commercial trawl data show that trawlers are
able to target assemblages by adjusting the depth fished (e.g., deepwater
Dover sole, shelf rockfish, nearshore mixed species - Rogers and Pikitch 1992).

Heavy fishing of rocky reef habitats can cause significant changesin ecosystem
structure. Large piscivorous (rockfish) species can be fished out and replaced
by smaller faster growing species. This has been demonstrated at the very
small individual reef scale (Yoklavich et al. 2000, Love and Yoklavich 2006),
and at the coastwide scale (Levin et al. 2006), causing allocation of energy and
reproductive potential to shift dramatically and vary from region to region
(Harvey et al. 2006).

There are strong associations between mesoscale (Cape to Cape) variation in
primary production and mesoscale variability in fish yield (Ware and Thomson
2005).

From an ecosystem perspective, the nearshore coastal environment presents a
challenge to manage on fine spatial scales never before encountered with
offshore fisheries (Gunderson et al. in review).

The key to maintaining resilience in nearshore kelp forest ecosystemsisthe
maintenance of biodiversity through functional redundancies among predators
and herbivores (S eneck et al. 2002, Graham et al. 2008).
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3. SCALE OF FISHERIES AND FISHING COMMUNITIES
INTRODUCTION

In this section, we describe spatial scales of organization within the groundfish

fishery. To do this, we describe each sector of the fishery by presenting spatially
explicit information about landings, revenue and number of vessels or permits. These
descriptions are primarily based on data summarized from the Pacific Coast Fisheries
Information Network (PacFIN, PSVIFC 2007), the online clearinghouse for US West
Coast fisheriesdata. Criginal data analysis was performed when feasible (i.e., when
data were publicly available online); these analyses are supplemented with summaries
of PacFIN data from existing reports. Spatial data resolution varies from fine (small
groupings of ports) to coarse (by state “Washington, Oregon, or California). Year of
analysis also varies, depending on data availability.

Overview of main species groups targeted by groundfish fleet

We begin with a brief overview of the recent history of groundfish landings and ex-
vessel revenues. The groundfish fishery targets speciesthat can be categorized as
rockfish (e.g., widow, yellowtail, and canary rockfish; thornyheads, bocaccio,
chilipepper, and Pacific Ocean perch), flatfish (e.g., Dover, petrale and English soles,
arrowtooth flounder, and sanddab) or roundfish (e.g., sablefish, lingcod, cabezon,
kelp greenling, Pacific cod, and Pacific whiting). Pacific whiting (i.e., whiting or
Pacific hake) is considered separately from other roundfish asit isthe principal target
of a specific fleet and caught in high volume.

Snce 1981, rockfish, roundfish, and flatfish landings have declined, while whiting
landings have increased (Figure 3.1). Roundfish and flatfish landings declined
gradually (-3%and -2%average annual change, respectively) while rockfish declined
more rapidly (-119). Ex-vessel revenues (inflation adjusted to 2005 dollars) mirror the
gradual landings decline for flatfish, but less so for the rockfish, roundfish, and
whiting. Ex-vessel revenue derived from rockfish landings increased (while landings
decreased) until 1995, when revenues plummeted. While roundfish landings have
declined, revenues, although highly variable, have remained constant since 1981,
which reflects an increase in roundfish value since 1981. Finally, whiting, although
landed in high volume, is a low value species. Although landings overshadow all other
landings, ex-vessel revenue is of the same magnitude to that of other groups.
Additionally, the overall rise in landings since the late 1980s has only resulted in a
glight gain in ex-vessel revenue.

Huctuationsin landings and revenues are due to changing regulations, abundance of
resources, and markets. A series of overfishing declarations began in 1998, and were
accompanied by strict management restrictionsto prevent further overfishing and aid
in stock rebuilding. By 2002, nine groundfish species were declared overfished
(Pacific Ocean perch, lingcod, bocaccio, darkblotched rockfish, canary rockfish,
cowcod, widow rockfish, yelloweye rockfish, and whiting). Lingcod and whiting have
since been declared recovered.
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Sectors of the Groundfish Fishery

The groundfish fishery is comprised of limited-entry (LE), open access, tribal and
recreational fleets, each of which hasdistinct sectors. In 2005, 85%0f landed (at-sea
or shoreside) groundfish was caught by sectors of the LE trawl fleet (PFMC 2007b).
Each of these sectorsisdescribed more fully in section 2. The LE fleet consists of
trawl and fixed gear (e.g., longlines, traps, pots) vessels. LEtrawl vessels are further
divided as whiting and non-whiting trawlers. Those that trawl for whiting process
landings at sea by integrated catcher-processor vessels and motherships, or land catch
for processing at onshore facilities. For whiting, analysesin this report include at-sea
(i.e., catcher-processor vessels and motherships) and shore-based sectors. The LE
non-whiting trawlers and all other non-tribal sectors deliver their catch to onshore
processing facilities. The open access fleet consists of the directed and incidental
sectors. Fishermen who directly target groundfish but do not have a LE permit
participate in the directed open access fishery, and those who incidentally catch
groundfish while targeting non-groundfish species (e.g., California halibut, salmon
trollers, shrimp trawl fisheries) are participantsin the incidental open access fishery.
Trawl gear is prohibited in the directed open access fleet. The tribal fleet of the
groundfish fishery consists of members of the Makah, Quileute, Hoh, and Quinault
tribesin Washington Sate. Tribal fisheries exist for commercial, ceremonial and
subsistence purposes. The commercial tribal sectors are similar to those of the
limited entry fleet: whiting trawl, non-whiting trawl, and fixed gear. The
recreational fishery for groundfish includes shore-based angling from docks, beaches,
and piers, and vessel-based angling from either charter or private vessels. The
majority of recreational harvest has been from vessel-based angling (Karpov et al.
1995, OCZMA 2002).

In 2005, 90%o0f groundfish fishery landings were whiting (Figure 3.2), taken by the LE
and tribal whiting trawl fleets (PFMC 2007b). Of the sectorsthat did not target
whiting in 2005, the highest volume of groundfish waslanded by LE non-whiting
trawlers —68%o0f total non-whiting landings —followed by the LE fixed gear (line and
pot gears; 10%), recreational (99, tribal shoreside (799 and open access (directed and
incidental; 69 fleets. Snce 1995, landingsin all whiting sectors have increased,
while landingsin all other sectors have decreased. The most pronounced decline —
66%—was in the open access (directed and incidental combined) sector, followed by
the LE non-whiting trawl sector (61%decline), the LE fixed gear sector (26%decline)
and the recreational sector (7%decline). With this brief introduction, we can now
present what we know about these fleets and sectors from a spatially explicit
perspective.

West Coast Port Groupings

Throughout this section, we have attempted to use PacFIN port groupings.

Washington Sate port groupings, however, were inconsistent between literature

sources. At best, Washington ports are characterized as those in southwest

Washington, northern Washington, and Puget Sound. However, when data consistency

was essential (e.g., to compare port-specific PacFIN landings and revenue data), all

Washington ports had to be combined. Unfortunately, by aggregating all Washington
33



ports, we ignore geographically distinct and disproportionate effects of yelloweye and
canary bycatch reduction measures.

We did not experience similar issues for Oregon and California, which contain the
following port groups: Oregon —Astoria, Tillamook, Newport, Coos Bay, and
Brookings; California - Crescent City, Eureka, Fort Bragg, Bodega Bay, San Francisco,
Monterey, Morro Bay, Santa Barbara, Los Angeles, and San Diego. Appendix Il contains
alist of individual ports within each of these port groups.

The PacFIN port groupings contain clusters of ports adjacent to each other and are
often grouped by state and county. Portswithin a group do not necessarily
participate similarly in the groundfish fishery. For example, Depoe Bay and Newport
are both in the Newport, Oregon port group, but Depoe Bay is a small community with
arelatively large charter fleet, whereas Newport isthe opposite’. An alternative
method to group ports would be to quantitatively characterize type and degree of
their participation in the groundfish fishery (Sepez et al. 2005). However, our goal
with thiswork isto identify if spatial swaths of the coast exist that may be good
candidates for spatial management, not geographically isolated, yet similarly
functioning fishing communities. As such, the PacFIN port groupings are appropriate.

Activity in Non-groundfish Fisheries

A complete description of the groundfish fishery must include mention of activity in
west coast non-groundfish fisheries. Vesselsin the groundfish fishery adopt a
portfolio approach to fishing by participating in several non groundfish fisheries
throughout the year (Hanna 1992). Lessthan half of vesselsin any sector of the 2000
Oregon commercial groundfish fishery exclusively landed groundfish. Eghty-seven
percent of vessels with LE trawl permits, 97%of LE non-trawl permitted vessels, and
61%0f open access permit holders landed non-groundfish species (OCZMA 2002).

Participation in the pot fishery for Dungeness crab is common in all sectors, regardliess
of whether pot isthe vessel’s primary gear type (PFMC 2004a). Aside from crab,
however, activity in other fisheriesis often gear dependent. LEtrawl vessels operate
in the shrimp and prawn trawl fisheries and whiting trawl vessels (catcher-processors
and motherships) venture to Alaska to participate in the pollock fishery (PFMC 2004b,
NMFS2005). LEfixed gear and open access vessels outfitted with hook-and-line gear
troll for salmon and albacore and harvest coastal pelagic species (PFMC 2004a). Pots
used in the LE fixed gear and open access groundfish fisheries are deployed in crab
and crustacean fisheries. Landing of non-groundfish speciesis also spatially distinct,
with more Dungeness crab landings in Washington waters and more coastal pelagic
landings in California (PFMC 2004b).

! Detailed descriptions of these and other ports engaged in U.S west coast commercial fishing were
prepared by a team of researchers at NOAA’s Northwest and Alaska Fisheries Sience Centers and are
available at: http://www.nwfsc.noaa.gov/ research/ divisions/ sd/ communityprofiles/ index.cfm.
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LIMITED-ENTRY FLEET

The groundfish limited-entry (LE) program was instituted in 1994 and consists of the
following three main sectors: vesselsthat trawl for whiting, non-whiting trawl
vessels, and vessels that use fixed gear (e.g., longlines, traps, pots). In the whiting
trawl sector, catch is processed at sea by integrated catcher-processor vessels or
motherships, or islanded and processed at facilities onshore. As of May 2007, 10
vessels were permitted in the at-sea catcher-processor whiting trawl fishery, 29
vessels as catcher boatsin the whiting trawl fishery that deliver either to shoreside or
at-sea mothership processors, an additional 137 vesselsin the non-whiting trawl
fishery, and 222 in the fixed gear fishery (NMFS2007).

Spatial Distribution of Year 2000 Limited-entry Landings

To begin, we present a snapshot of the spatial pattern of resource use by the
commercial groundfish fishery in year 2000. The analysis was completed in 2003 by
Ecotrust as part of the Groundfish Fleet Restructuring Information and Analysis
Project (GFR) (Sholz 2003). They created an algorithm to attribute landed catch
data from fish ticket records of the commercial trawl (whiting, non-whiting) and non-
trawl (fixed gear) sectorsto a grid of 9 km x 9 km cells along the west coast. Model
results were then summarized by port group to understand where fishing effort might
occur for vessels that landed fish in a specific port group. We present maps of
segments of the coast from north to south (Figure 3.3 A-F), which are adapted from
the GFR maps; when one coastwide map was used, patterns were too difficult to
discern.

Qualitative examination of the mapsrevealed three general patterns. Port groups’
modeled harvest area can be described by the alongshore range from port. For some
port groups (e.g., Tillamook —3.3B, Southwest Washington —3.3A, B), the harvest
areas did not extend substantially north or south of the port groups, whereas other
harvest areas extended further alongshore (e.g., Astoria —3.3B, Newport —3.3B, C,
Eureka —3.3D). This may be due to fleet characteristics (e.g., far ranging hake fleets
are based in Newport and Astoria), biogeographic boundaries (e.g., Columbia Rver,
Cape Blanco), or state boundaries. Second, some harvest areas extended further
from shore (e.g., Astoria —3.3B) than others (e.g., Tillamook —3.3B, San Diego —3.3F),
which may also be due to fleet characteristics, but also related to state regulations
and continental shelf width. Finally, overlap between harvest areas varied. To
capture this, we calculated percent spatial overlap (Table 3.1) between the port
group harvest areas (i.e., grid cells) shown in Figure 3.3. Overlap isthe percent of
Port Group; harvest area grid cells (see Figure 3.3) occupied by Port Group; harvest
area grid cells and overlaps >25%are indicated in red. The Oregon port groups of
Astoria, Newport, and Coos Bay harvest areas overlapped >25%most frequently with
other harvest areas. The highest percent overlaps, all >45% were north of Cape
Mendocino: Astoria/ SV Washington, Bureka/ Crescent City, Coos Bay/ Brookings, and
Crescent City/ Eureka. San Francisco Bay ports also overlapped substantially with
portsto the north (Bodega Bay) and south (Monterey). Overall, the following points
emerged from the analysis of maps of the spatial distribution of year 2000 LE
landings:
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e Thereisadiversity of types of spatial distribution of resource use by port
groups.

e Overlap islow between distant ports, and high between adjacent ports.

e Highest percent overlap occurred between port groups north of Cape
Mendocino, but high percent overlap also exists between San Francisco and its
adjacent ports.

e The only high percent overlap across a Cape (i.e., Blanco, Mendocino,
Conception) was between Coos Bay and Brookings port groups.

Limited-entry Trawl Sector

Next, we turn our attention to the LE trawl fleet, which includes the trawl fishery for
whiting and non-whiting species. In Figure 3.4A, we show port-specific landings by
the trawl fleet®in 1995 and 2006. Nominal totals by port are shown for landings of
non-whiting and whiting. Thisdistinction was necessary as whiting landings were six
times greater than non-whiting landings. Non-whiting landings are shown as
proportions by species group of total port landings. The major biogeographic
boundaries —Cape Blanco, Cape Mendocino, and Point Conception —are included on
the figure for reference.

Total non-whiting landings (outlined white bars) declined 61%from 1995 to 2006. This
decline islikely due to fishermen exiting the fleet from the 2003 vessel buyback,
severe management restrictions to rebuild overfished stocks, and resource depletion.
The decline was not uniform coastwide, resulting in a geographic truncation in the
distribution of landings. In 1995, the majority of portsnorth of Point Conception had
substantive amounts of non-whiting landings. Of total 1995 non-whiting landings, 27%
came from port groups south of Cape Mendocino, 16%from ports between Capes
Mendocino and Blanco, and 57%from ports north of Cape Blanco. However, by 2006,
the distribution of landings has been truncated, with only 14%o0f non-whiting landings
occurring south of Cape Mendocino, 17%from ports between Capes Mendocino and
Blanco, and 69%from ports north of Cape Blanco. Port groups south of Cape
Mendocino saw declinesin landings of 80% 59%decline for those between Capes
Mendocino and Blanco and 53%for port groups north of Cape Blanco. The non-whiting
LE trawl fleet did not land catch south of Point Conception aside from negligible
amounts to Santa Barbara and Los Angeles area portsin 1995.

The decline in landings was accompanied by a shift in composition of non-whiting
landings. In 1995, 10 of the 15 port groups® received landings of rockfish as the
highest proportion of all species groups. By 2006, only Morro Bay received primarily

* Due to the lack of sector specific resolution within the PacFIN trawl fleet online data, Figure 3 contains LE trawl
and tribal commercial trawl landings. These landings will likely appear to Washington ports as this is the only state
with tribal commercial fisheries and regulations are such that the tribal fishery must occur in “usual and
accustomed” fishing areas. See section 4.0 for further description of the tribal fleet.

’ The at-sea fleet is not considered in this count of port groups as whiting is their primary target and non-whiting
landings considered bycatch.
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rockfish landings. Flatfish were landed in the highest proportion in the remainder of
the ports.

The whiting trawl fisheries —shoreside and at-sea —increased by 52%between 1995
and 2006 due to higher landings to Washington ports and in the at-sea fleets. A
portion of thisincrease is attributable to the tribal fleet, which did not actively
pursue whiting in 1995 for shoreside or at-sea processing, but did do so by 2006.
From a gspatial perspective, the shoreside whiting fleet lands primarily to ports north
of Cape Blanco —specifically Washington Coast ports, Astoria, and Newport.

The ex-vessel revenue graph (Figure 3.4C) mirrors patterns described above for the
landings data. Total non-whiting revenues declined 64%from 1995 to 2006*. Whiting,
although caught in volumes six-fold that of non-whiting species, have a low price-per-
pound, thus garner comparable amounts of revenue as non-whiting landings.

LE Trawl rockfish landings and revenue data —a subset of data shown in Figure 3.4 —
are displayed in Figure 3.5. Between 1995 and 2006, trawl rockfish landings (Figure
3.5A) and revenues (Figure 3.5C) declined precipitoudy (91%coastwide) in all ports
due to restrictionsimplemented to aid in recovery of overfished rockfish species (see
section 4 for further description of these restrictions). The trawl fleetstarget shelf,
slope, and thornyhead rockfish but not those in the nearshore. The change in
composition of landings between 1995 and 2006 is dramatic. In 1995, shelf rockfish
comprised an average of 52%o0f individual port group’s rockfish landings, with higher
proportionsin port groups from Newport northwards (71%average) and from Fort
Bragg to Monterey (58%average). By 2006, landings of shelf rockfish —although still
high (78% in Washington ports —comprised only 15%o0n average of individual port
group’ s rockfish landings.

Permit ownership is another metric by which we can gauge participation in the
fishery, although it does not inform us about where the fishing on that permit occurs.
For example, based on quantitative analysis, Pleasantville, New Jersey, and Seaford,
Virginia were determined to be communities with significant involvement in U.S West
Coast commercial fishing (Norman et al.). Smilarly, numerous permitsin some
Alaskan fisheries are held by Seattle residents. Permit ownership can indicate
communities that are important participatory hubs for the fishery. Figure 3.6A shows
the distribution of 2007 LE trawl permit holders. Newport, Astoria and Puget Sound
ports have the highest number of permit holders. Overall, 62%o0f permits are held
north of Cape Blanco, 14%between Capes Blanco and Mendocino, and 19%south of
Cape Mendocino. The remaining 4%o0f permits are held by The Nature Conservancy.
No permits are held south of Point Conception.

The final point of analysisfor the LEtrawl fleet involves impacts of the vessel

buyback program, completed in late 2003. In the program, 92 trawl vessels and 240
permits were retired. Those permitsincluded LE trawl permits, but also permits for
Dungeness crab and pink shrimp fisheries. Figure 3.7 shows percent change by port
group in the count of trawl vessels landing non-whiting groundfish before (2003) and

%1995 dollars adjusted to 2006 dollars using Implicit Price Deflator for Gross Domestic Product
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after (2004) the buyback. Large percent changes occurred in all port groups between
Capes Blanco and Mendocino (Crescent Gity, Eureka, and Brookings). The number of
vessels landing to Santa Barbara ports also declined substantially®. The smallest
change occurred in the Washington Coast, Puget Sound and San Francisco area ports.

Overall, the following points emerged from the spatial analysis of the LEtrawl fleet:

e The whiting trawl fishery isthe largest volume fishery on the west coast and
primarily lands to ports north of Cape Blanco. Although it isa low value
species (price-per-pound), it islanded in such high volume that whiting
landings generate high revenues.

e Lower landings by the non-whiting trawl sector are primarily due to decline in
landings of rockfish, shelf rockfish in particular.

e 3Jnce 1995, the distribution of landings has become truncated. Formerly,
landings were distributed between ports north of Point Conception but now are
concentrated north of Cape Mendocino.

e The majority (62% of LEtrawl permit holdersreside north of Cape Blanco.

e The highest proportions of vessels removed in the 2003 LE trawl vessel buyback
program were between Capes Blanco and Mendocino, and also vessels south of
Point Conception.

Limited-entry Fixed Gear Sector

In the LE fixed gear fishery, longline, traps, and pot gear are used to primarily target
sablefish, lingcod and rockfish. Whereas LE trawl permit holders were distributed
more northerly along the coast (Figure 3.6A), LE fixed gear permits are more evenly
distributed over the entire coast (Figure 3.6B), with the highest numbers in Puget
Sound, Los Angeles and Newport area ports.

We cannot present the distribution of LE fixed gear landings, since the data available
to usonline is not fleet-specific, rather is pooled for all non-trawl commercial fleets.
The pooled data is presented in the section entitled, “ commercial landings and ex-
vessel revenue for non-trawl fleets’.

e The LEfixed gear fleet isdistributed along the whole coastline, not just to
areas north of Point Conception.

> In Figure 3.6, we show that trawl vessels landed to Santa Barbara ports in 2003 and 2004, which strongly implies
that, however minimal, some landings are associated with those vessels. Yet in Figure 3.3, there are no trawl
landings to the Santa Barbara port group in 2006. No discrepancy exists here — in PacFIN, small amounts of
California halibut, other flatfish, sharks, skates, and rays were landed by trawl gear in 2003, less in 2004, and none
in 2006.
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OPEN ACCESS FLEET

Participantsin the open access fishery includes fishermen who both directly target
groundfish but do not have a LE permit (directed open access), and those who
incidentally catch groundfish while targeting non-groundfish species (incidental open
access). Trawl gear is prohibited in the directed open access fishery, but allowed in
the incidental fishery, because the incidental groundfish catch may occur when
fishermen are trawling for non-groundfish target species (e.g., pink shrimp, California
halibut). In the directed open access fishery, hook and line isthe most commonly
used gear (PFMC 2004b).

Different from the LE sectors, more than half (56% of open access boats operate from
ports south of Cape Mendocino (Figure 3.6C). In 2001, Morro Bay area ports were
used as the primary landing port by more vessels (143) than any other port, followed
by Santa Barbara, Monterey, and San Francisco. The measure of fleet size is not
number of permits asin the LEfleet analysis, but the number of individual vessels
landing to specific ports. Also note that a direct comparison between fleets
presented in Figure 3.6 isdifficult, asthe LEdatais from 2007, and the open access
data from 2001. However, even given this temporal gap, the number of vessels that
participate in the open access fishery far outweighs the number of vessels permitted
in the LE sectors (1,288 open access vessels, 176 LE trawl permits, 222 LE fixed gear
permits).

In Figure 3.8, we show metrics of the directed open access fleet by state for three
recent years (2000, 2003, and 2006). Landings (Figure 3.8A) are highest in California,
then Oregon and Washington. In the past six years, however, California landings have
declined while landings in the other two states have increased; landings of sablefish
have increased in all states between 2000 and 2006. The decline in California
landings was likely due to lower federal trip-limitsto safeguard overfished bocaccio
and cowcod populations (PFMC 2004b), and more stringent state management
measures enacted in conjunction with passage of the state’s Marine Life Management
Act. The directed open access fleet in Washington appearsto almost solely target
sablefish, whereas nearshore rockfish comprise a substantial proportion of landingsin
the other two states. California open access fishermen also land shelf and slope
rockfish.

Nearshore rockfish landings in California and Oregon supply the high-value, live-fish
market. Begun in Californiain the 1980sto supply live fish to restaurants, the live-
fish fishery expanded into southern Oregon in the late 1990s. In 1996, only 6%o0f fish
landed coastwide by direct open access fishermen was alive, but by 2001, 20%was
landed alive (PFMC 2004b). In California, live-fish landings peaked in 1998 at
approximately 450 tons. In 2005, 87%o0f nearshore finfish landingsin California were
live-fish (Aseltine-Neilson et al. 2006). The average price paid per pound of live-fish
may be two to three times higher than for dead fish. For example, in Californiain
2004, live cabezon garnered $4.74 per pound, whereas dead cabezon was worth $2.40
(Sveetnam et al. 2005). Accordingly, although only 25%of California 2006 directed
open-access landings were nearshore fish, 51%o0f the revenue is from nearshore
landings (Figure 3.8B).
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The number of vessels participating in the directed open access fishery (Figure 3.8C)
mirrors the patterns of landings. The decrease in number of California participantsin
the past six years has been quite dramatic —751 to 430 vessels. Interestingly, the
increase in landings in Washington and Oregon (WA: +250%from 2000 to 2006; OR:
+105% has been faster than the increase in participants (WA: +84%from 2000 to 2006;
OR: +36%. We can infer then that even with new entrants, per vessel catchis
increasing. Finally, of the total open access fleet (directed and incidental), the
directed portion has grown in all three states (Figure 3.8D), with most rapid growth in
Washington and Oregon.

Summary points:

e The open access fleet has the most participants of any groundfish sector.
e Over 50%o0f the landings and revenues are in California.

e Washington and Oregon directed open access fleets are rapidly expanding;
their primary target is sablefish.

e The live-fish market for nearshore fish in California is stronger than in Oregon
and Washington and contributes disproportionately to California ex-vessel
revenues.

e With a sharper decline in number of vessels than in landings or revenue, the
average California open access fishermen earned more in 2006 than in 2000.

TRIBAL FLEET

The tribal fleet of the groundfish fishery is solely in Washington Sate, consisting of
members of the Makah, Quileute, Hoh, and Quinault tribes. Fisheriesexist for
commercial, ceremonial and subsistence purposes and are conducted in usual and
accustomed fishing grounds. The commercial tribal sectors are similar to those of the
limited entry fleet: whiting trawl, non-whiting trawl, and fixed gear. The Makah
tribe hasthe strongest presence in the tribal fishery. They are the only tribe with
trawlers, and have the majority of longline vessels. As of 2005, the Makah fleet was
43 boats which included 4 whiting trawlers, 10 non-whiting trawlers, and 29 longliners
(NMFS 2005).

The tribal fishery has grown rapidly since treaty rightsto groundfish were formalized
by the U.S government in 1994. That ruling granted harvest rightsto 2 of
harvestable surplus of groundfish available in the usual and accustomed tribal fishing
grounds. From 1995 to 1997, landingsin the whiting fleet expanded from less than
1,000 metric tonsto almost 25,000 metric tons (Figure 3.9). That increase has
continued despite a large decline in 2000 and 2001. A sharp increase in rockfish and
flatfish landings occurred in 2002. Roundfish landings —the basis of the fishery in
1995 —have not changed much in the last decade.
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Summary point:

e Rapid expansion in the tribal fishery conducted in Washington Sate waters has
potential to continue until harvest reaches the maximum allowable harvest
allowable under treaty rights.

COMMERCIAL LANDINGS AND EX-VESSEL REVENUE FOR NON-TRAWL FLEETS

The data presented here are pooled from the LE fixed gear, directed and incidental
open access, and tribal commercial non-trawl fleets, as fleet-specific data were
unavailable. By volume, non-trawl groundfish landings account for 19%(1985), 16%
(1995), and 19%(2005) of total non-whiting groundfish landings (Figure 3.10A).
However, by ex-vessel revenue, non-trawl landings generated 27 (in 1985), 28 (in
1995), and 44 (in 2005) percent of coastwide non-whiting groundfish ex-vessel
revenue (Figure 3.10B).

In Figure 3.4B, we show port-specific landings for the non-trawl fleet in 1995 and
2006. Smilar to trawl landings (Figure 3.4A), there has been a substantial decline
(48% in total non-trawl landings between 1995 and 2006. Declines were similar in
different regions of the coast. Landingsto port groups south of Point Conception
decreased 65% 70%to ports between Point Conception to Cape Mendocino, and 58%
to those between Capes Mendocino and Blanco. Landingsto port groups north of Cape
Blanco only declined 24% However, when Washington ports are excluded from this
analysis, landingsin port groups north of Cape Blanco declined 68% Excluding
landings to Washington portsisvalid as they are unique in representing the tribal
fleet, which experienced substantive growth between 1995 and 2006. By excluding
them from the analysis, we examine a suite of comparable fleets.

The portfolio of landings also changed. In 1995, 40%o0f total non-trawl landings were
rockfish. However by 2006 rockfish only accounted for 1% Roundfish, which
comprised 43%o0f 1995 landings, accounted for 69%by 2006. In both years, rockfish
were most prominent in composition of landings of port groups south of Cape
Mendocino, and least prominent for port groups between Capes Mendocino and
Blanco.

In spite of a 48%decline in non-trawl landings between 1995 and 2006, ex-vessel
revenues only decreased 229 (Figure 3.4D). Rockfish appear to contribute
successively more to total revenue in southern ports. An examination of the percent
of total landings or revenue that is rockfish revealsthat from Cape Mendocino south,
the percent of total revenue derived from rockfish is more than the actual percent of
landings. Although 53%o0f the rockfish landings occur south of Cape Mendocino, 75%o0f
the non-trawl revenue from rockfish is attributable to ports south of Cape Mendocino.
The rockfish are worth more south of Cape Mendocino. Thisisdue to a market for
live-fish, described previousy, where higher price-per-pounds are paid for fish than in
other markets.

© 1995 dollars adjusted to 2006 dollars using Implicit Price Deflator for Gross Domestic Product

41



Non-trawl rockfish landings decreased 84%between 1995 and 2006 (Figure 3.5B). The
largest decrease was to port groups between Point Conception and Cape Mendocino
(8999, and the smallest to port groups between Capes Mendocino and Blanco (6%). In
1995, landings from non-trawl fleetsto ports between Cape Blanco and Point
Conception were comprised of nearshore and shelf rockfish species. Landingsto ports
north of Cape Blanco were more representative of all rockfish categories (i.e.,
nearshore, shelf, slope, and miscellaneous rockfish), while landings to ports south of
Point Conception included more slope rockfish speciesthan in several other ports. By
2006, the majority of rockfish landingsto ports south of Point Conception were
thornyheads. Shelf rockfish were absent from landings in several ports, with port
landing proportions —especially between Capes Blanco and Mendocino —dominated by
landings of nearshore rockfish species.

Accompanying the decline in rockfish landings was a 57%loss of ex-vessel revenue
(Figure 3.5D). The largest decrease was to port groups north of Cape Blanco (879,
and the smallest to port groups between Capes Mendocino and Blanco (31%.

Summary points:

¢ Non-trawl landings generate more ex-vessel revenue per landed ton than trawl
landings. Although non-trawl landings accounted for only 19%o0f average 2005
coastwide non-whiting landings, non-trawl landings generated 44%o0f the total
coastwide ex-vessel revenue.

e Non-trawl landings have declined between 1995 and 2006, primarily rockfish
landings (shelf rockfish in particular), thereby disproportionately adversely
affecting southern portsthat had landed higher amounts of rockfish.

¢ lLandings have declined but revenues have not changed due to several spatial
factors. High-value sablefish dominate landings and revenue north of Cape
Mendocino. South of Cape Mendocino, landings have shifted away from shelf
rockfish since 1995. From Cape Mendocino to Point Conception, there has been
a shift inshore in landings to nearshore rockfish, which supply the high value
live fish market. South of Point Conception, the shift has been offshore to
thornyheads (PSVIFC 2007).

e Value of rockfish is higher in central and southern California ports than
elsewhere along the coast (live-fish market).

RECREATIONAL FLEET

The recreational fishery for groundfish includes shore-based angling from docks,
beaches, and piers, and vessel-based angling from either charter or private vessels.
The majority of recreational harvest is from vessel-based angling (OCZMA 2002). The
following description isrestricted to the groundfish component of the recreational
fishery, although the fishery targets numerous other species (e.g., salmon, Pacific
bonito, Pacific mackerel) not discussed here. The recreational groundfish sector is
largest in California, where in 2005 the sector accounted for 60%o0f total coastwide
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mortality (harvest plus observed discarded dead fish) (Figure 3.11) and 80%.o0f all
fishing trips (Figure 3.12). Washington’srecreational groundfish sector isthe smallest
with 16%o0f total 2005 mortality and 6%of all fishing trips.

Rockfish species are the primary catch in the recreational groundfish sector, and
account for over 65%0f 2005 catch in each state. In the Washington and Oregon
recreational sectors, black rockfish comprised 72 and 55%.o0f total 2005 catch,
respectively (Figure 3.11). In northern California (north of Point Conception, 34° 27'
N. latitude), rockfish catches are more equally proportioned between a broader range
of species and species groups. The top three rockfish species or species groups caught
in 2005 were nearshore minor rockfish” (34%of total catch), black rockfish (16%), and
shelf minor rockfish® (13%. The southern California recreational groundfish sector
primarily targets shelf minor rockfish, but also other species, such as bocaccio and
California scorpionfish, which are not caught elsewhere along the coast. Lingcod was
second to rockfish in all regions for highest 2005 catch. In Washington, Oregon,
northern and southern California, lingcod catch was 15, 24, 24 and 10%of total
regional catch.

Between 1995 and 2005, total catch declined 7% Higher catch of nearshore minor
rockfish, lingcod and black rockfish was offset by lower catches of other rockfish,
other fish, shelf minor rockfish and California scorpionfish. Catch in southern
California declined by 44%and by 4%in northern California. In Washington and
Oregon, catchesincreased by 32 and 2% respectively. Between 2004 and 2005,
participation increased in all port groups aside from the south coast of California.

Summary points:

e Rockfish are the mainstay of the sector, particularly black and other nearshore
rockfish.

e The recreational groundfish sector appearsto be increasing coastwide, aside
from southern California.

” nearshore minor rockfish complex includes the following species: black and yellow rockfish (S
chrysomelas); blue rockfish (S8 mystinus); brown rockfish (S auriculat us); calico rockfish (S dalli);
China rockfish (S nebulosus); copper rockfish (S caurinus); gopher rockfish (S carnatus); grass
rockfish (S rastrelliger); kelp rockfish (8 atrovirens); olive rockfish (S8 serranoides); quillback rockfish
(S maliger); and treefish (S serriceps).

8 shelf minor rockfish complex includes the following species: bronzespotted rockfish (S gilli); bocaccio
(Sebastes paucispinis); chameleon rockfish (S phillips); chilipepper rockfish (S goodei); cowcod (8
levis); dusky rockfish (S ciliatus); dwarf-red rockfish (8 rufianus); flag rockfish (8 rubrivinctus);
freckled rockfish (S /entiginosus); greenblotched rockfish (S rosenblatti); greenspotted rockfish (S
chlorostictus); greenstriped rockfish (S elongatus); halfbanded rockfish (8 semicinctus); harlequin
rockfish (S variegat us); honeycomb rockfish (8 umbrosus); Mexican rockfish (S macdonaldi); pink
rockfish (S eos); pinkrose rockfish (S simulator); pygmy rockfish (S wilsoni); redstripe rockfish (S
proriger); rosethorn rockfish (§ helvomaculatus); rosy rockfish (S rosaceus); silvergray rockfish (S
brevispinis); speckled rockfish (S ovalis); squarespot rockfish (S hopkinsi); starry rockfish (S
constellatus); stripetail rockfish (S saxicola); swordspine rockfish (S ensifer); tiger rockfish (S
nigrocinctus); and vermilion rockfish (S miniatus).
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FISHERIES AND FISHING COMMUNITIES SUMMARY

In this section we attempted to describe the spatial scales of organization within the
groundfish fishery by presenting spatially explicit information about landings, revenue
and number of vessels or permits by sector. In this summary we categorize by trawl
(limited entry, whiting), non-trawl (limited entry, directed open access), recreational
and tribal.

e The analysis of GFR maps of gpatial distribution of 2000 LE landings revealed
that overlap in harvest areasislow between distant ports, and high between
adjacent ports. Highest percent overlap occurred between port groups north
of Cape Mendocino, but high percent overlap also exists between San Francisco
and its adjacent ports. The only high percent overlap across Cape Blanco,
Cape Mendocino, or Point Conception was between Coos Bay and Brookings port
groups.

e The whiting trawl fishery isthe largest volume fishery on the west coast and
primarily lands to ports north of Cape Blanco. Although it isa low value
species (price-per-pound), it islanded in such high volume that whiting
landings generate high revenues (PSVIFC 2007).

e Landings by the limited-entry (LE) non-whiting trawl fishery previously (year
1995) spanned the coast to Point Conception, but currently (year 2006) are
concentrated north of Cape Blanco. Due primarily to severe overfishing of
shelf rockfish, landings and revenues have declined across the fishery. Ratfish
now comprise the majority of landings (PSVFC 2007).

e The non-trawl fishery (LE fixed gear and open access fleets) has maintained —
from 1995 to 2006 - its distribution along the entire coastline. Landings have
declined but revenues have not changed due to several spatial factors. High-
value sablefish dominate landings and revenue north of Cape Mendocino. South
of Cape Mendocino, landings have shifted away from shelf rockfish since 1995.
From Cape Mendocino to Point Conception, the shift has been inshore to
nearshore rockfish supplying the high value live fish market. South of Point
Conception, the shift has been offshore to thornyheads (PSVIFC 2007).

e The open access fleet has the most participants of any groundfish sector. Over
50%o0f the open access fleet landings and revenues are in California.
Washington and Oregon directed open access fleets are rapidly expanding;
their primary target is sablefish (CDFG 2007).

e The recreational sector islargest in California, north of Point Conception, and
appears to be increasing coastwide, aside from southern California. Rockfish
are the mainstay of the recreational sector, particularly black and other
nearshore rockfish (PFMC and NMFS 2006, PFMC 2007).

e Rapid expansion in the tribal fishery conducted in Washington Sate waters has
potential to continue until harvest reaches the maximum allowable harvest
allowable under treaty rights (1/ 2 of harvestable surplus of groundfish
available in the usual and accustomed tribal fishing grounds)(PFMC and NMFS
2006).
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4. SCALE OF FEDERAL AND STATE MANAGEMENT
INTRODUCTION

The spatial structure of the management system for West Coast groundfish speciesis
evolving and becoming increasingly complex over time. 3x International North Pacific
Fisheries Commission (INPFC) areas and at least twenty-two other management lines
can be found within the existing management system for this fishery (PFMC 2007c).
Space is one tool in the management tool-box, which like others, has been applied
within a multifaceted management structure that is required by law to balance
biological, socioeconomic, and conservation concerns. The use of gpatially-explicit
management tools has become more important over time as a tool of balancing the
rebuilding of overfished stocks with providing access to healthy stocks (PFMC 2007c).
The spatial management tools currently being applied to the West Coast groundfish
fishery vary greatly in their size, temporal nature and goal. On one end of the
spectrum, the Pacific Fishery Management Council (PFMC) manages areas that
encompass the entire West Coast, while on the other end, discrete, species-specific
closed areas are found in the Southern California Bight and the northern Washington
coast. For the purposes of this paper, the term “spatial” refersto how fisheries are
managed over a geographic area. West Coast groundfish species are managed through
the setting of catch limits based on calculations of Optimum Yield (QY), and
allocation of QY ranges from year-round and area-wide to relatively small spatial and
temporal scales. The vulnerability of the stocksto fishing pressure, the bycatch of
non-target species, socioeconomic concerns, as well as the degree of available
scientific information about an individual stock have all played a role in determining
the scale at which the TACfor individual stocks are managed and can be applied
spatially. This section of the paper describes the existing suite of spatial management
tools currently being applied to the West Coast groundfish fishery by state and federal
management agencies.

MANAGEMENT WITHIN FEDERAL WATERS

Prior to the 1976 passage of the Magnuson Fishery Conservation and Management Act
(MFCMA), the management of domestic groundfish fisheries was under jurisdiction of
the states of Washington, Oregon, and California. By 1983, an Exclusive Economic
Zone (EEZ) in ocean waters from three to 200 miles surrounding the United Sates was
put into place by proclamation. To manage this zone, seven regional councils were
established, including the Pacific Fishery Management Council (PFMC or Council)
which isresponsible for managing west coast fisheries. These Councils were created
with the primary role of developing, monitoring, and revising management plans for
fisheries. Total groundfish landings reached an all-time high during 1982 due to large
increases in catches of rockfish species such as widow rockfish. From 1982 through
1990 the total catch of groundfish declined as stock assessments were completed and,
for the most part, indicated a reduction in catch (ODFW 2000).

Identification of overfished groundfish stocksin the mid to late 1990s resulted in an
additional reduction in available harvest and the implementation of rebuilding plans.
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First yellowtail rockfish, lingcod and canary rockfish were identified as approaching
being overfished. “Overfished” is defined by the Pacific Coast Groundfish Fishery
Management Plan (FMP) as a decline in spawning stock abundance of a speciesto 25%
of its estimated virgin biomass, which is the size of the spawning population if the
stock had never been fished (PFMC 2006). By the end of 2000, bocaccio, canary
rockfish, cowcod, darkblotched rockfish, lingcod, Pacific Ocean perch and widow
rockfish were all identified as overfished and fell under the new federal requirement
to implement formal rebuilding plans. In January of 2000 a groundfish fishery disaster
was declared by the Secretary of Commerce (ODFW 2000). To address the challenge
of rebuilding overfished stocks while maintaining a fishery on healthy stocksthe
Council began applying the spatial management tool of depth and area closures.
These closures, most notably Rockfish Conservation Areas (RCAs), have constrained
fishing activity to smaller areas of state and federal waters. Though these closures
are considered to be effective toolsin limiting fishing interactions with depleted
species, they are also responsible for shifting additional fishing pressure into other
areas and onto other species. The most extensive of these are the RCAs, which have
been in place off of all three states since 2002 to prohibit vessels from fishing in
depths where overfished groundfish species (currently Pacific ocean perch, bocaccio,
darkblotched rockfish, canary rockfish, cowcod, widow rockfish, and yelloweye
rockfish) are more abundant (PFMC 2006).

PFMC Management Areas

The broad area the PFMC manages, and where groundfish stocks are fished, can be
described asthe U.S EEZ of the northeast Pacific Ocean that lies between the U.S-
Canada border and the U.S-Mexico border. Within this area the primary spatial
management structure for groundfish is based on the INPFC statistical areas (Figure
4.1). These areas were developed using information on stock distribution and
domestic and foreign historical catch statistics (PFMC and NMFS2006). The areas
from south to north are (PFMC 2006):

Vancouver: U.S-Canada border to 47°30° N. latitude
Columbia: 47°30’ to 43°00' N. latitude

Eureka: 43°00 to 40°30° N. latitude

Monterey: 40°30’ to 36°00° N. latitude

Conception: 36°00" N. latitude to the U.S-Mexican border

Rockfish species, except for thornyheads, are divided into categories north and south
of 40°10’ N. latitude, depending on the depth where they are often caught and the
amount of information available for that species. Depth ranges are categorized as
nearshore, shelf, or slope. “Nearshore” is defined (by the California Nearshore Fishery
Management Plan) asthe area from the high-tide line offshore to a depth of 120 ft (37
m). “Shelf” refersto the continental shelf, while “dope” refersto the continental
slope (Figure 4.1, PFMC and NMFS2006). Information level is categorized from a level
one to alevel three. Level one stocks have their allowable biological catch (ABC)
levels based on information from quantitative assessments. Level two stocks have
their ABC levels set with information from nonquantitative assessments. Level three
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stocks have no ABC levels, catch levels are set based on qualitative information (PFMC
and NMFS 2006).

In addition to the primary INPFC areas the following subareas are sometimes utilized
(PFMC):

e Cape Falcon, OR (south of Cannon Beach, OR): 45°46’ N. latitude

e Cape Lookout, OR (about 10 miles south of Tillamook, OR) 45°20’15” N.
latitude

Cape Blanco, OR (north of Port Orford) 42°50" N. latitude

Cape Mendocino, CA (dlightly north of 40°10’) 40°30’ N. latitude

North/South management line (south of Cape Mendocino) 40°10’ N. latitude
Point Arena, CA (about 100 miles south of Mendocino) 38°57°30” N. latitude
Point Reyes, CA (about 35 miles north of San Francisco) 38° N. latitude

Point Conception, CA (north of Santa Barbara near Buellton) 34°27’ N. latitude

Time and area closures

Within its area of management jurisdiction, the Council uses a variety of time/ area
closures which vary in their level of permanency and size. These spatial management
tools are intended to accomplish a wide range of management objectives such as
controlling the catch of targeted species, reducing the incidental catch of non-target,
protected (including overfished) species and preventing fishing in specified areasin
order to mitigate the adverse effects of such activities on groundfish Essential Fish
Habitat (EFH) (PFMC 2007c).

These tools include:

Rockfish Conservation Areas (RCAs): RCAs are west-coast wide fishing area closures
bounded on the east and west by lines connecting a series of coordinates
approximating a particular depth contour. RCAs are gear-specific and their eastern
and western boundaries may vary during the year (Figure 4.1, PFMC and NMFS 2006).
Snce January 2003, the Council has used coastwide RCAs to reduce the incidental
catch of overfished speciesin waters where they are more abundant. Of the seven
currently overfished species, six are continental shelf species, and RCAs have
primarily been designed to close continental shelf waters. Although both the eastern
and western RCA boundaries have changed over time for all of the gear groups, the
area between the trawl RCA boundary lines approximating the 100 fm and 150 fm
depth contours has remained closed since January 2003, to protect overfished rockfish
stocks (PFMC 2007¢).

Groundfish fishing areas (GFAs): These are areas where fishing for groundfish is
allowed. For example, fishing for schooling species, such as petrale sole or
chilipepper rockfish, could be allowed within GFAs for those species, but not
permitted outside of the GFAs, where fisheries for those species might have higher
incidental catches of overfished species (PFMC and NMFS2006). West Coast
groundfish managers are also using tools like “hotspot” and coldspot” analysesto
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balance the need to reduce encounters with overfished species while maintaining
access to healthy stocks. These spatial analyses are helping to identify areas where
target species can be accessed and overfished species avoided (PFMC 2007c¢).

Ecologically important habitat closed areas and the bottom trawl footprint closure:
These ecologically important habitat closed areas are intended to mitigate the
adverse effects of fishing on groundfish EFH (Figure 4.1). They may be categorized as
bottom trawl closed areas (BTCAs) and bottom contact closed areas (BCCAs). There
are five BTCA areas of f of Washington, nine off of Oregon, and twenty areas off of
California. There are two BCCA areas of f of Oregon and fourteen off of California
(PFMC 2006).

Bottom Trawl Footprint Closure: Thisareaisintended to mitigate the adverse
effects of fishing on groundfish EFH by prohibiting trawling seaward of the 700 fm
(1280 m) isobath. The closure isintended to prevent the expansion of bottom
trawling into areas where groundfish EFH has not historically been adversely affected
by bottom trawling (PFMC and NMFS 2006).

Cther time/ area closures (considered long-term bycatch mitigation closed areas) are
used by the PFMC to reduce incidental catch of protected speciesin fisheries
targeting groundfish, and include areas such asthe Western and Eastern Cowcod
Conservation Areas (CCA; Figure 4.1), and the Yelloweye Rockfish Conservation Area
(YRCA) (PFMC and NMFS2006).

The PFMCis also currently involved in developing three new amendmentsto the
Groundfish Fishery Management Plan that could benefit from the type of area-based
management described in this paper. Flexibility could be built into these
amendmentsto allow for the development and application of area-based information
in the management of the fishery. Amendment 20 addresses rationalization of the
trawl fishery through a limited access privilege program, with submission of a plan to
the Secretary of Commerce scheduled for as early as January 2009, and possible
implementation in 2011. An area-based component has been proposed as part of this
program to address potential issues of spatial concentration of fishing effort resulting
in localized depletion of stocks and inequitiesin allocation. There is a delicate
balance to consider in the process of constructing an area-based quota program. The
program should be developed to addresses the issues identified above but not so
complex that it is not flexible enough to respond to changing conditionsin the
environment and the fishery (PFMC 2007c). Amendment 21 would define long-term
allocations of selected species between the trawl fleet and all other sectors of the
groundfish fishery. Refinement of alternatives for this Amendment is set for early
2009. Amendment 22 will address open access fishery limitation, with the intent to
transition those currently fishing for groundfish who don’t hold federal permits
(considered “open access’) into the limited entry program for the fishery.

MANAGEMENT WITHIN STATE WATERS

Washington, Oregon, and California have jurisdiction over fisheries taking place in
state waters (0-3 miles). Currently, species under state management are managed
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statewide for all three states, with few exceptions. Several Sate Parks within the
California Current system as well asthe National Marine Sanctuariesin California and
Washington also utilize spatially explicit management schemes and should be
reviewed and analyzed for their potential impact on West Coast groundfish species.

The Pacific Fishery Management Council works cooperatively with the state resource
agencies (Washington Department of Fish and Wildlife - WDFW, Cregon Department of
Fish and Wildlife - ODFW, California Department of Fish and Game - CDFG). As a result
some of the management for state species takes place within the federal

management process such as setting the overall QY for some nearshore species and
commercial regulatory measures (ODFW 2000). By law, state management may be
more restrictive or precautionary than federal management, but not less so.

Recreational fishery management isimplemented principally at the state level, since
most recreational fishing occursin state waters. The Council coordinates
management and the states conform their management regulations to Council
recommendations implemented at the Federal level (PFMC and NMFS 2006).

Primary recreational management measures utilized for West Coast groundfish:

e Seasonal closures can be implemented according to state recreational
management zones.

e Depth-based area closures under which retention of different groundfish
species is prohibited. Area closures can vary by month or fishing season (PFMC
and NMFS 2006).

e Baglimits.

California

The commercial and recreational fisheries for nearshore rockfishesin California are
currently managed by the Council in conjunction with the state using three adjacent
management areas with the boundaries at Cape Mendocino and Point Conception.
There are 19 finfish speciestaken in California’s nearshore fisheries. These include
many rockfishes as well as species such as cabezon, greenling, and lingcod (CDFG
2002).

In 2002 the California Department of Fish and Game (CDFG) developed a fishery
management plan for nearshore fish (NFMP) species. One focus of the plan wasthe
development of aregional system for managing the California nearshore finfish fishery
to protect nearshore fish species and promote sustainable fisheries. CDFG sees
regional management of the nearshore finfish fishery as a way to formally recognize
geographic differences of species distribution and human use and to more closely
match regulations to prevailing conditions (CDFG 2002). Ultimately, the intention isto
have a California nearshore regional system formed by regional management areas
each with separate harvest guidelinesto match harvest to conditions within that
region and prevent localized overfishing. The nearshore management areas will be
selected based on the criteria of jurisdictional boundaries, oceanographic

49



characteristics, genetics, speciesdistributions, species assemblages, historical
landings, and social and economic patterns (CDFG 2002).

At thistime the NFMP Project identifies four management areas (Figure 4.1, CDFG
2002):

e North Coast Region - from the Oregon border to Cape Mendocino (Humboldt
County)

e North-Central Coast Region - from Cape Mendocino to Point Afio Nuevo (San
Mateo County)

o South-Central Coast Region - from Point Afio Nuevo to Point Conception (Santa
Barbara County)

e South Coast Region - from Point Conception to the Mexican border

Although implementation of the four California nearshore management areas has yet
to be fully implemented, management of California’s nearshore recreational
groundfish fishery in 2005 and 2006 divided the coastline into five regional areas.
These areas were considered “ Rockfish/ Lingcod Management Areas’ (RLMAs; Figure
4.1) and are as follows (PFMC and NMFS 2006):

e Northern RLMA (California/ Oregon Border to Cape Mendocino at 40°10' N
latitude)

e Northern Central RLMA (Cape Mendocino to Pigeon Point at 37°11’ N latitude)

e Northern South-Central RLMA (Pigeon Point to Lopez Point at 36° N latitude)

e Southern South-Central RLMA (Lopez Point to Point Conception at 34°27' N
latitude)

e Southern RLMA (Point Conception to U.S/ Mexico Border)

The Sate of California, through the California Department of Fish and Game, is also
attempting to apply the concepts of spatial management to state watersthrough
implementation of the Marine Life Protection Act (MLPA). The MLPA was signed into
law in 1999 and directs the state to “redesign California's system of marine protected
areas (MPAs) to increase its coherence and effectivenessin protecting the state's
marine life and habitats, marine ecosystems, and marine natural heritage, as well as
to improve recreational, educational and study opportunities provided by marine
ecosystems’ (MLPA Summary: http:// www.dfg.ca.gov/ mipa/ background.asp).

The MPAs are being designed for the purpose of protection and conserving marine life.
More specifically, six overarching goals are defined by the Act [FGC subsection
2853(b)]:

1) To protect the natural diversity and abundance of marine life, and the
structure, function, and integrity of marine ecosystems.

2) To help sustain, conserve, and protect marine life populations, including those
of economic value, and rebuild those that are depleted.
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3) To improve recreational, educational, and study opportunities provided by
marine ecosystems that are subject to minimal human disturbance, and to
manage these uses in a manner consistent with protecting biodiversity.

4) To protect marine natural heritage, including protection of representative and
unique marine life habitatsin California waters for their intrinsic value.

5) To ensure that California's MPAs have clearly defined objectives, effective
management measures, and adequate enforcement, and are based on sound
scientific guidelines.

6) To ensure that the state's MPAs are designed and managed, to the extent
possible, as a network.

The process began with the development of the master plan framework. Four levels
of MPAs were identified to provide the stakeholder groups involved in the process
more flexibility in the regulations imposed for the various areas. The California Fish
and Game Commission has evaluated alternative MPA proposals for the central coast
and made a final decision on April 13, 2007 (Figure 4.2). There are four classifications
of marine protected areas along the central coast (CDFG 2007); Sate Marine Reserve
(SVIR), Sate Marine Park (SVP), Sate Marine Conservation Area (SVICA), and Sate
Marine Recreational Management Area (SVIRMA). These categories of MPAs differ in
their breadth of regulatory limitations:

e State Marine Reserve (SMR): The most restrictive classification, these are no-
take areas (i.e., extractive activities are prohibited).

e State Marine Park (SMP): May allow recreational take, or limit it in some
way, but does not allow commercial take.

e State Marine Conservation Area (SMCA): May limit recreational and/ or
commercial take to protect a specific resource or habitat.

e State Marine Recreational Management Area (SMIRMA): A SVRVA is
designated to limit or restrict recreational opportunitiesto meet other than
purely local needs while preserving basic resource values for present and
future generations. This category of marine management area prohibits any
activities that would compromise the recreational values for which the area
may be designated (http:// www.dfg.ca.gov/ mlpa/ fags.asp).

Oregon

The Marine Resources Program of the Oregon Department of Fish and Wildlife (ODFW)
isauthorized by the Sate Legislature to administer the regulation, harvest and
management of commercial and recreational fisheriesin Oregon (ODFW 2007b). The
agency uses a variety of tools to manage these fisheriesinclude trip and bag limits,
area closures and species- specific management zones. Areas closures include Marine
Gardens, Research Reserves, Habitat Refuges, and closed areas around river mouths
(ODFW 2007). ODFW isin the process of revising their nearshore commercial fishery
management plan. Thisrevised plan will include descriptions of alternative
management tools, such as area-based management for nearshore species.
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The recreational groundfish fishery in Oregon primarily targets black rockfish, with
lesser catches of other nearshore rockfish species such as china, copper, and
yellowtail rockfish, lingcod, cabezon, and greenling (ODFW 2002).

Commercial groundfish fisheriesin Oregon include federally managed groundfish trawl
fisheries, which target specieslike petrale and Dover sole; federally managed open-
access fisheries for species such as sablefish and lingcod, and the state-managed,
limited entry black rockfish, blue rockfish and nearshore fishery. The live-fish fishery
for nearshore species experienced rapid growth in the late 1990s. Secial black
rockfish management areas were established in 1994, restricting commercial harvest
within areas of high recreational use (ODFW 2007a). The goal of this management
approach isto minimize user conflicts between commercial and recreational
fishermen and recognize differences in needs of the fishing communities up and down
the coast (ODFW 2002).

The Black Rockfish Management Areas are delineated below. Within these areasthe
take of black rockfish islimited to less than 200 pounds of black rockfish, or 65 fish,
whichever is greater, per vessel on a single trip (Figure 4.1, ODFW 2002):

e Tillamook Head (45°% 56’ 45" N. latitude) to Cape Lookout (45° 20" 15" N.
latitude)

e (Cascade Head (45° 03’ 50" N. latitude) to Cape Perpetua (442 18’ N. latitude)

e From a point approximately 82 miles north of the Coos Bay north jetty (43° 30’
N. latitude) to a point adjacent to the mouth of Fourmile Creek, approximately
4> miles south of the Bandon south jetty (432 03’ N. latitude)

e Mack Arch (42% 13’ 40" N. latitude) to the Oregon/ California border (42° N.
latitude)

Oregon is undergoing an additional spatially oriented management process through
the Governor’s office and the Governor’s Ocean Policy Advisory Council (OPAC) to
develop a network of marine reserves along the Oregon coast to protect the natural
diversity and abundance of speciesthat live in each type of habitat in Oregon’s
Territorial Sea. Ste proposals are being solicited from the public in a processthat is
scheduled to begin in summer 2008. The Marine Reserve Working Group, a subset of
OPAC, isresponsible for drafting objectives for the sites. Currently, some of the draft
objectivesinclude:

e Identifying and protecting areas of high or unique marine biodiversity and/ or
special natural features

e Designing and siting marine reserves to minimize potential adverse
socioeconomic impacts on ocean users and dependent communities

e Designing and managing the areas, to the extent possible, as an integrated
ecological network

The proposal processis expected to take up to four months. Upon completion, the
proposal package will be reviewed by ODFW and submitted to the Governors office in
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order to be presented to the Sate Legislature at the beginning of 2009 to gain
funding for implementation, monitoring and enforcement (M. Mackey, pers.comm.)

Washington

Washington Department of Fish and Wildlife has jurisdiction over fishery resources
within state waters (0-3 miles) aswell as the inland fisheries of Puget Sound. WDFW
employs a variety of management tools for nearshore groundfish. These tools have
evolved over time and include area-based management.

The following are examples of the agency’s evolution and application of area-based
management in coastal waters. In 1991, in response to evidence of localized
depletion, WDFW implemented black rockfish conservation zones around key
recreational portsin the form of restrictive trip limits for commercial fisheries. This
action was accomplished utilizing an Environmental Assessment developed through
the PFMC process. At thistime the recreational rockfish bag limit was reduced from
15 to 12 fish (Brian Culver, pers. comm.).

A larger-scale area-management tool was applied in 1996 when the agency prohibited
directed commercial non-trawl harvest of groundfish in coastal state waters (< 3mi.).
Arule limiting trawl footrope diameter to 5” (to keep trawl gear away from hard
bottom) and a reduction of the sport rockfish bag limit from 12 fish to 10 fish
accompanied this commercial area closure. Trawl wasleft open in state watersto
provide access to nearshore flatfish (e.g., sand sole, starry flounder). Subsequent
analysis over the next few years demonstrated incidental rockfish take to still be at
unacceptable levels. Asaresult, coastal state waters were closed to trawling in
2000. Also, the Fish and Wildlife Commission adopted a rule prohibiting the
commercial live-fish fishery for groundfish. The rationale for thislatter action was
that the agency did not have sufficient science to inform commercial catch levels for
species targeted by the live-fish fishery. The 2000 actionsresulted in a ban on all
directed commercial harvest of groundfish in state waters, although salmon trollers
can currently retain 1 yellowtail rockfish for every 2 salmon landed (Brian Culver,
pers. comm.).

WDFW developed and implemented yelloweye rockfish conservation areas (YRCAS) in
federal waters through the PFMC process (Figure 4.1, PFMC and NMFS 2006).

Washington coastal recreational fisheries are currently being managed in three areas
(Figure 4.1, PFMC and NMFS 2006):

1. Marine Areas 3 and 4 (Queets Rver to the U.S/ Canada border)
2. Marine Area 2 (Leadbetter Pt. to the Queets River)
3. Marine Area 1 (Oregon/ Washington border to Leadbetter Pt.)

These regulatory actions are a form of spatial management. In addition, Washington
recreational fisheries are fairly constrained by operational logistics to the area
surrounding the four coastal ports: Neah Bay, La Push, Westport and llwaco. Snce
there is no commercial groundfish harvest, thisresultsin de facto refugia for
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nearshore speciesin areas distant from Washington coastal ports (Brian Culver, pers.
comm.).

IMPLICATIONS OF AREA RESTRICTIONS

The use of arearestrictions for management comes with some significant issues. For
example, the Oregon recreational groundfish fishery has been closed offshore of 40
fm (73 m) from June through September since 2004. It islikely that due to these
closures, most anglers who would have fished offshore during the closure periods
instead relocated their activities inshore. The effort shift onto nearshore species that
resulted contributed to the early attainment of the black rockfish harvest cap in 2004
and 2005 and to the early closure of the recreational fishery in both years. For many
of these nearshore stocks, there are few data to support an assessment of its stock
status, suggesting that the effect of this effort shift is difficult to monitor and
evaluate. Fishing pressure on groundfish stocks that may have previoudy been spread
over a broad area could become more concentrated, increasing the potential for
localized depletion of some species and highlighting the need to develop and
implement localized monitoring programs.
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5. MATCHES AND MISVIATCHES BETWEEN ECOLOGY, ECONOMY AND
MANAGEMENT

INTRODUCTION

Almost two decades ago, and inspired by the history of California fisheries (McEvoy
1986), environmental historian Arthur McEvoy presented an innovative, broad and
comprehensive context for marine fishery science and management, with a strong
emphasis on direct interactions and relationships, of which those occurring within the
ecosystem are just a part. Ten yearslater he built on this experience to define a
fishery as an interaction between three variables: an ecological system (ecosystem), a
group of people working (economy), and the system of social controls within which
the work takes place (management) (McEvoy 1996). His key assertion is that
management must equally weigh the many social and economic relationships within
the fishery and how, in turn, they both influence and are influenced by marine
ecosystem processes and dynamics. In fact it is human interrelationshipsthat are of
particular concern to decision makers. What McEvoy (1996) saysisthat a fishery isa
classic example of a social-ecological system (Berkes et al. 2003, Berkes 2004): an
integrated concept of humansin nature. And the essence of a sustainable fishery is
the health of the interactions between the ecosystem, economy and management
(Field and Francis 2006).

What we are trying to do in this section isto operationalize McEvoy’s concept.
Quppose, as proponents of a broader ecosystem-based approach to fishery
management seem to agree, preserving biological structure (e.g., age or size
structure of a stock, foodweb pathways of an assemblage or community, diversity of
an ecosystem) is equally important to management as preserving harvestable biomass.
And clearly we manage human activity and not biological entities. These human
activities—ishing in this case—are what create the interactions between economy and
an ecosystem. S how might management facilitate sustaining such interactions
through, in this particular case, increased spatial resolution of the interactions?One
way is for management to create incentivesin the economy to preserve biological
structure in the ecosystem by, for example, tying an individual fisher’'s opportunity to
fish (something to be sustained within the economy) with the achievement of broader
conservation objectives. Satial management seems to provide the vehicle for doing
this.

One clear spatial attribute of all fisheriesisthat effort, yield and the ecological
consequences of fishing are not evenly distributed over space (O Farrell and Botsford
2006). Therefore, whatever spatial structure is chosen in the implementation of
management incentives, resource allocations should be weighted towards those
regions with better track records of achieving identified conservation objectives. This
spatially explicit approach would allow management to create tighter positive
feedback between economic incentives (e.g., the individual opportunity to fish) and
conservation objectives. Asit stands now and, asthe recent rockfish closures show,
coastwide management provides few and largely ineffective incentives for sustainable
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interactions between economies and the ecosystem. Explicitly incorporating spatial
context into management seems essential to creating a sustainable groundfish fishery.

This section attemptsto identify spatially explicit matches and mismatches between
regional ecosystems, fleets, and management. Soecifically, we ask the question: what
are the McEvoy interactions and how are they spatially structured? Perhaps the most
important question we could ask is: Can the west coast groundfish fishery be
spatially compartmentalized into modules where feedback is tight (economy and
ecosystem highly connected) within modules and feedback is loose between
modules? Walker and Salt (2007) indicate that modularity and tightness of feedback
are key factorsin maintaining general resilience, and that “the degree of modularity
in the system allows individual modules to keep functioning when loosely linked
modules fail, and the system as a whole has a chance to self-organize and therefore a
greater capacity to absorb shocks.”

THE CAPES

Cur analysisindicates that the west coast capes may provide an initial modular
framework described by Walker and Salt (2007). For example, one might partition the
coast into 3 modules with divisions occurring somewhere in the transition zone
between Capes Blanco and Mendocino, and at Point Conception. Evidence for this
modular structure is summarized from sections 2 and 3 of this paper as follows:

e Latitude isthe second only to depth as the most important factor influencing
population and assemblage boundaries (Gabriel 1982). Dynamic atmosphere-
ocean processes such as wind stress and current patterns are likely the most
important factors controlling these north-south structures. There are two
major latitudinal breaks in groundfish biophysics: 1) the turbulent wedge
between Capes Blanco and Mendocino —a transition region between north and
south which has the strongest upwelling winds and most turbulent coastal flows
of the entire CCS (GLOBEC 1994, Peterson et al. 2006, Botsford and Lawrence
2002) and 2) Point Conception - the area south of Conception is very different
from the area to the north —much smaller local wind stress, warmer
subtropical water, different timing in the upwelling season (Hickey 1998).

e The analysis of Groundfish Fleet Reduction (GFR) maps (Scholz 2003) of spatial
distribution of 2000 limited entry landings revealed that overlap in harvest
areasislow between distant ports, and high between adjacent ports. Highest
percent overlap occurred between port groups north of Cape Mendocino, but
high percent overlap also existed between San Francisco and its adjacent ports.
The only high percent overlap across Cape Blanco, Cape Mendocino, or Point
Conception was between Coos Bay and Brookings port groups.

Figure 5.1 attempts to expressthe intensity of interactions between economy and
ecosystem both between and within modules defined by breaks at the Cape Blanco —
Cape Mendocino transition and Point Conception. It isquite clear that there are
regions of high overlap ranging from Southwest Washington portsto Eureka, GA (north
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of Cape Mendocino) and from Bodega Bay to Monterey, CA. Based on our biophysical
and socio-economic analyses, thisthree area structure seemsto provide modules
(spatial matches) capable of strengthening overall systemresilience. Thisis not to say
that this structure is devoid of mismatches. For example, our biophysical synthesis
suggest that the three areas might be too large to capture the essential nearshore
groundfish spatial structure (scale of onesto tens of miles) and might be too small to
capture the essential slope groundfish spatial structure (scale of thousands of miles).
These mismatches will be further discussed in the next section.

GENERAL MATCHES AND MISMATCHES

While the capes serve as a pivot point for our match-mismatch analysis, there are a
number of more general matches and mismatches that seem useful in evaluating
spatial structure as a groundfish management tool.

e There isa clear mismatch between the coastwide management of overfished
groundfish species and the impact of coastwide closures on coastal fishing
communities. These closures, most notably Rockfish Conservation Areas (RCAs),
have constrained fishing activity to smaller areas of state and federal waters,
and have penalized fishing communities for excesses in removals they had little
to do with. The blunt instrument of coastwide management has provided weak
linkages between the activities of individual fishers to conserve and their
access to the resource.

e Ascoastal communities, such as Morro Bay (CA) and Port Orford (OR), become
more engaged in managing adjacent nearshore fisheries, they become more
involved in scientific assessment and monitoring of their local resources. Most
current groundfish management science is based on large scale annual (NMFS
surveys and statistically sophisticated data heavy, but ecologically narrow,
single species stock assessments. Without careful coordination between local
and Pacific Fishery Management Council (PFMC) scientific activities, local
scientific effortsrisk the likelihood of being ignored at the coastwide level,
thus creating significant mismatches.

e Wapleset al. (in review) discuss the matches and mismatches between units on
which stock assessment and management are based and those inferred from
genetic data. Table 1 of their paper shows these matches and mismatches for
west coast groundfishes. Some of the reasons for the mismatches are a)
assessments are almost always single species whereas most stocks are
influenced by multi-species (and ecosystem) effects, b) management is based
on political boundaries which do not necessarily reflect biology (e.g., black
rockfish, Sebastes melanops) or actual use patterns, ¢) managing multiple
species as one putative species (e.g., blue rockfish, Sebastes mystinus), and d)
local management isimplemented on too fine a scale thereby subjecting a
single biological population “to independent and perhaps conflicting
management regimesin different areas of itsrange.”
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The resilience of coastal fishing communities, particularly those with a
predominance of small vessels, tendsto be dependent on diversity of fishing
opportunities —the potential for fleetsto shift among target species. There is
concern that fleet-gpecific rationalization (e.g., LEtrawl Individual Fishing
Quota Program) could reduce the diversity of the portfolio available to some of
these small boat fleets and to individual fishermen, thus fracturing the way
some coastal communities currently fish.

Because of their compressed and extensive depth ranges, many of the
continental shelf banks (e.g., Hecata, Cordell), islands (e.g., Channel Islands,
Farallon Islands) and submarine canyons (e.g., Monterey, Astoria) have very
high groundfish production and concentrate a diverse array of groundfish in a
relatively small area (Yoklavich et al. 2000). In essence, they bring slope
species close to shore and move nearshore species offshore. Because they
provide diverse high quality rocky reef habitat, they tend to have high fish
production. As aresult of all of these factorsthey create significant
mismatches with the general metapopulation model proposed by Gunderson
and Vetter (2006) and used to support the Cape to Cape area stratification
discussed above.

McEvoy (1996) emphasizes that the essence of a sustainable fishery isthe
health of the interactions between the ecosystem, economy and management.
If one looks at the scientific basis for west coast groundfish management from
this perspective, one sees a number of matches and mismatches. The strongest
link between science and management occurs at the stock assessment level.
However that match is very narrow in that most of the focusis at the single
stock production level. There is adistinct mismatch in terms of management
informing decisions based on scientific assessments at the biological community
and ecosystem scale. In addition, there is a mismatch between the use of
biological and socio-economic assessmentsin informing the decision making
process.

58



6. MANAGEMENT ALTERNATIVES AND RECOMMENDATIONS
INTRODUCTION

If one looks at the fishery from the McEvoy perspective, ecosystem-based fishery
management should strive to focus on maintaining or creating healthy interactions
between the economy and the ecosystem. As mentioned earlier, sustainability of
coastal communities would be enhanced where coastal ecosystems were healthy and
the individual opportunitiesto fish were as high as possible. Conservation objectives
might include low bycatch, avoiding rapid shiftsin the structures of biological
communities, minimizing the destruction of habitat by fishing, and maintaining
biological structure (e.g., age or size structure, lifetime egg production). We feel that
since the effects of fishing are not evenly distributed over space, spatial management
could help provide incentives for achieving conservation objectives.

This final section starts with the gpatially explicit matches and mismatches between
regional ecosystems, fleets, and management identified in the previous section. We
then attempt to answer two critical questions: How to structure management to 1)
enhance the matches and 2) reduce the mismatches?

THE CAPES

Cur analysis and synthesisindicate that as one moves from nearshore to shelf to
slope, the larger the appropriate spatial scale of management. Generally,
management of nearshore fisheries might be structured at scales of onesto tens of
kilometers, shelf fisheries at the scale of hundreds of kilometers (e.g., Cape to Cape
or INPFC areas), and slope fisheries at scales of thousands of kilometers (e.g.,
coastwide). We think that the three modules, mentioned above, may actually work
quite well for all three inshore-offshore components of the coastwide groundfish
fishery. Let’scall the three areas defined the Northern (NCC), Central (CCC) and
Southern California Current (SCC)(Figure 5.1). The states already manage their
nearshore zones separately, and all three seem to be working towards fine scale
management. The three modules seem to be ideally suited for the shelf fisheries and
their associated social-ecological interactions. And the slope fisheries (Pacific
whiting, Dover sole, sablefish —NCC; thornyheads-SCC) tend to partition out along the
three module scale.

GENERAL MATCHES AND MISMATCHES

We now look at how spatial management might enhance the more general matches
and reduce the more general mismatches discussed above.

e We think that the three-area management proposed above could be a strong
first step in linking individual accessto the resource with the achievement of
conservation objectives. The simplest way to start would be to manage the
bycatch of all overfished species on this spatial grid. This would greatly reduce
the likelihood of coastwide closure of the entire groundfish fishery.
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In order for coastal communities to become fully engaged in the assessment
and management of their adjacent nearshore fisheries, there need to be clear
performance standards for the data used, assessment methodologies and
criteria for community harvest allocations.

Waples et al. (in review) outline a number of measures that could help to
reduce the spatial mismatches between genetic assessments, stock assessments
and management. One of the most prevalent uncertaintiesrelatesto “how
many populations exist and what their statuses are.” Management Srategy
Evaluation (MSE —Smith 1994) is a modelling technique used to determine
which assumptions (e.g., one population, multiple populations), if violated,
would most seriously compromise the ability to achieve management
objectives. In the case of a mismatch between genetic and management spatial
structure, “genetic information can be used through the MSE process to help
assess the consequences of ignoring population structure.”

Every effort should be made to evaluate the impact of proposed management
measures on coastal community resilience. Thisis discussed in more detail
under the final bullet.

Physical areas of high concentration of nearshore, sope and shelf species (e.g.,
banks, islands, canyons, headlands) need finer scale management than our
three proposed management areas can provide. For example, if one looks at
the two areas of strong overlap between at least three port groupsin Figure
3.3, they both occur in such areas. The footprint overlap between Newport,
Coos Bay and Brookings (OR) occurs off Cape Blanco (Bandon High Soot) and the
overlap between Bodega Bay, San Francisco and Monterey occurs at the
Farallon Islands. In 2006 these (and other) areas were declared essential fish
habitat (EFH) conservation areas and were closed to bottom trawling (Figure
6.1).

The groundfish management community needs to become more balanced and
comprehensive in terms of the nature of its scientific assessments. If we are to
move into the realm of ecosystem-based management, then assessments must
be conducted at the ecosystem scale. And as Harvey et al. (2006) clearly show,
the ecosystem effects of fishing are not uniformly distributed over space. Asis
done by the North Pacific Fishery Management Council, ecosystem assessments
need to be routinely conducted and incorporated into management policy. The
same can be said for socio-economic assessments. Management policy can have
significant community-wide ripple effects when, for example, rules are
changed in one sector. For example, the 2003 buy-back of 16 trawlersin
Crescent City (CA) further destabilized the broader fishing community through
its reduced use of and demand for local fishery infrastructure (Carrie Pomeroy,
pers. commun.). Also, the recent Nature Conservancy buy-out of all seven
Morro Bay federal groundfish trawl permits, as well as four aging open access
trawlers (San Luis Obispo Tribune, 19 Oct 2007), indirectly impacted the
nearshore fixed gear fleet by affecting a closing of the local cold storage
facility (Mark Carr, pers. commun.). We encourage any ESanalyses of proposed
management measures (e.g., LE trawl Individual Fishing Quotas) to include
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meaningful socio-economic assessments of potential impacts on coastal fishing
communities.

CONCLUSIONS

It is clear that space can be a powerful tool in moving towards a more comprehensive
and balanced west coast groundfish management. However simply applying the status
quo to newly delineated management areas will, in our view, do little to move west
coast groundfish policy into the 21 century. Satial management must be
accompanied by clear objectives for what isto be achieved. We think that space can
be used as a powerful tool to enhance positive feedbacks between the west coast
groundfish economy and ecosystem. The potential isthere for management to use
space to provide incentives for individual fishersto achieve ecosystem-based
conservation objectives. However those objectives must be made explicit and their
achievements monitored comprehensively and carefully.

Aswe state in the introduction to the white paper, “an ecosystem approach to
management is management that is adaptive, specified geographically, takesinto
account ecosystem knowledge and uncertainties, considers multiple external
influences, and strivesto balance diverse social objectives’ (Francis et al. 2007). This
is a management approach that is proactive and seeks to preserve existing ecological
and social processes and variabilities. It is also an approach that requiresresilience
thinking, and its unifying concept of adaptive capacity, through heterogeneity,
modularity and tight feedback. If adaptive capacity is at the heart of ecosystem-
based fishery management, then it seems spatial management is a powerful and
essential component of ecosystem based fishery management.

61



7. ACKNOWLEDGEMENTS

We would like to acknowledge the financial support of the Lenfest Ocean Program of
the Pew Charitable Trust; the careful reviews of Mark Carr, Jason Cope, John Field,
Peter Huhtala and Astrid Sholz; and the valuable information provided by Bill
Peterson, John Field, Seve Ralston, Waldo Wakefield, Don Gunderson, Lorenz Hauser
and a cast of thousands.

8. LITERATURE CITED

Agostini, V. N., R. C. Francis, A. B. Hollowed, S D. Pierce, C. Wilson, and A. N.
Hendrix. 2006. The relationship between Pacific hake (Merluccius product us)
distribution and poleward subsurface flow in the California Current System.
Canadian Journal of Fisheries and Aquatic &iences 63:2648-2659.

Allen, L. G, D. J. Pondella, and M. H. Horn. 2006. Ecology of marine fishes
California and adjacent waters. University of California Press, Berkeley.
Ames, E. P. 2004. Atlantic cod stock structure in the Gulf of Maine. Fisheries29:10-

28.

Aseltine-Neilson, D., B. Brady, M. Connell, P. Kalvass, L. Laughlin, B. Leos, J.
Mello, G. Neillands, E Roberts, I. Taniguchi, A Vejar, and R. Watanabe.
2006. Review of some California fisheries for 2005: Coastal pelagic finfish,
market squid, Dungeness crab, sea urchin, abalone, Kellet's whelk, groundfish,
highly migratory species, ocean salmon, nearshore live-fish, Pacific herring,
and white seabass. Galifornia Cooperative Oceanic Fisheries Investigations
Reports 47:9-29.

Barth, J. A., S D. Pierce, and R. L. Smith. 2000. A separating coastal upwelling jet
at Cape Blanco, Oregon and its connection to the California Current System.
Deep-Sea Research Part li-Topical Sudies in Oceanography 47:783-810.

Barth, J. A., S D. Pierce, and R M. Castelao. 2005. Time-dependent, wind-driven
flow over a shallow midshelf submarine bank. Journal of Geophysical Research-
Oceans110.

Baskett, M. L., M. Yoklavich, and M. S Love. 2006. Predation, competition, and the
recovery of overexploited fish stocksin marine reserves. Ganadian Journal of
Fisheries and Aquatic Siences 63:1214-1229.

Beamish, R.J. and G A. McFarlane. 1983. Summary of results of the Canadian
sablefish tagging program. In Melteff, B.R (editor), Proceedings of the
International Sablefish Symposium p. 191-208.

Benaka, L. R. 1999. Fish habitat: essential fish habitat and rehabilitation. in Sea
Grant §/mposium on Fish Habitat: "Essential Fish Habitat" and Rehabilitation.
American Fisheries Society, Bethesda, Md.

Bennett, W. A, K Roinestad, L. Rogers-Bennett, L. Kaufman, D. Wilson-
Vandenberg, and B. Heneman. 2004. Inverse regional responsesto climate
change and fishing intensity by the recreational rockfish (Sebastes spp.) fishery
in California. Ganadian Journal of Fisheries and Aquatic Siences 61:2499-2510.

Bergen, M., S. B. Weisberg, R. W. Smith, D. B. Cadien, A Dalkey, D. E Montagne,
J. K Stull, R. G. Velarde and J. A Ranasinghe. 2001. Relationship between

62



depth, sediment, latitude, and the structure of benthic infaunal assemblages
on the mainland shelf of southern California. Marine Biology 138: 637-647.

Berkeley, S A., M. A. Hixon, R J. Larson, and M. S Love. 2004. Fisheries
sustainability via protection of age structure and spatial distribution of fish
populations. Fisheries29:23-32.

Berkes, F. 2004. Rethinking community-based conservation. Conservation Biology
18:621-630.

Berkes, F., and M. K Berkes. in review. Ecological complexity, fuzzy logic, and
holism in indigenous knowledge. Futures.

Berkes, F., J. Colding, and C. Folke. 2003. Introduction. Pages 1-29 in F. Berkes, J.
Colding, and C. Folke, editors. Navigating social-ecological systems: building
resilience for complexity and change. Cambridge University Press, Cambridge,
U.K; New York.

Blanchette, C. A., B. Helmuth, and S D. Gaines. 2007. Satial patterns of growth in
the mussel, Mytilus californianus, across a major oceanographic and
biogeographic boundary at Point Conception, California, USA. Journal of
Experimental Marine Biology and Ecology 340:126-148.

Blanchette, C. A., M. Miner, P. T. Raimondi, D. Lohse, K E K. Heady and B. R.
Broitman. 2008. Biogeographical patterns of rocky intertidal communities
along the Pacific coast of North America. Journal of Biogeography 5:1593-1607.

Botsford, L. W., and C. A. Lawrence. 2002. Patterns of co-variability among
California Current chinook salmon, coho salmon, Dungeness crab, and physical
oceanographic conditions. Progress in Oceanography 53:283-305.

Briggs, J. C. 1974. Marine zoogeography. McGraw-Hill, New York.

Broitman, B. R. and B. P. Kinlan. 2006. Soatial scales of benthic and pelagic
producer biomassin a coastal upwelling ecosystem. Marine Ecology Progress
Series 327: 15-25,

Buonaccorsi, V. P., C. A. Kimbrell, E A. Lynn, and R. D. Vetter. 2002. Population
structure of copper rockfish (Sebastes caurinus) reflects postglacial
colonization and contemporary patterns of larval dispersal. Canadian Journal
of Fisheries and Aquatic Siences 59:1374-1384.

Buonaccorsi, V. P., M. Westerman, J. Stannard, C. Kimbrell, E Lynn, and R. D.
Vetter. 2004. Molecular genetic structure suggests limited larval dispersal in
grass rockfish, Sebastes rastrelliger. Marine Biology 145:779-788.

Buonaccorsi, V. P., C. A. Kimbrell, E A. Lynn, and R. D. Vetter. 2005. Limited
realized dispersal and introgressive hybridization influence genetic structure
and conservation strategies for brown rockfish, Sebastes auriculat us.
Conservation Genetics 6:697-713.

Burford, M. O. and G Bernardi. 2008. Incipient speciation within a subgenus of
rockfish (Sebastosomus) provides evidence of recent radiations within an
ancient species flock. Marine Biology 154: 701-717

Burton, R. S 1998. Intraspecific phylogeography across the Point Conception
biogeographic boundary. Evolution 52:734-745.

Cash, D. W., W. N. Adger, F. Berkes, P. Garden, L. Lebel, P. Olsson, L. Pritchard,
and O. Young. 2006. Scale and cross-scale dynamics: Governance and
information in a multilevel world. Ecology and Society 11.

California Department of Fish and Game (CDFG). 2002. Nearshore Fishery
Management Plan. California Department of Fish and Game, Marine Region.

63




California Department of Fish and Game (CDFG). 2007. Agenda Iltem E 4.4,
Attachment 2, June 2007. Review and Update of Open Access Groundfish
Fishery Permitting Issue and Possible Range of Alternatives for Issuance of B
and C Limited Entry Permits.

California Department of Fish and Game (CDFG). 2007. Marine Protected Area
Classifications. http://www.dfg.ca.gov/ mlpa/ defs.asp.

Chelton, D.B., P.A Bernal and J. A. McGowan. 1982. Large-scale interannual
physical and biological interactionsin the California Current. Journal of Marine
Research 40:4: 1095-1125.

Connolly, S. R., B. A. Menge, and J. Roughgarden. 2001. A latitudinal gradient in
recruitment of intertidal invertebratesin the northeast Pacific Ocean. Ecology
82:1799-1813.

Coombs, C.I. 1979. Reef fishes near Depoe Bay, Oregon: movement and the
recreational fishery. M.S Thesis, Oregon Sate University, Corvallis, OR: 39 p

Cope, J. M. 2004. Population genetics and phylogeography of the blue rockfish
(Sebastes mystinus) from Washington to California. Ganadian Journal of
Fisheries and Aquatic Siences 61:332-342.

Cope, J.M. and A.E Punt. in review. Drawing the liens: resolving fishery
management units with simple fisheriesdata. Can. J. Fish. Aquat. &i.

Culver, B. 1987. Results from tagging black rockfish (Sebastes melanops) off the
Washington and northern Oregon coast. In B.R Melteff (editor) Proceedings of
the International Rockfish Symposium. University of Alaska Sea Grant Report
87-2.

Dark, T.A 1983. Movement of tagged sablefish released at abundance index sites off
Southeastern Alaska, Washington, Oregon and California during 1978-81. In
Melteff, B.R (editor), Proceedings of the International Sablefish Symposium p.
191-208.

Ebeling, A W., and M. A. Hixon. 1991. Tropical and temperate reef fishes
comparison of community structures. In P. F. Sale (editor). The Ecology of
Fishes on Coral Reefs. Academic Press, San Diego, California p. 509-563.

Ecosystem Principles Advisory Panel (EPAP). 1999. Ecosystem-based fishery
management: Areport to Congress by the ecosystem principles advisory panel.
NOAA, National marine Fisheries Service, Slver Sorings Md.

Edwards, M. S. 2004. Estimating scale-dependency in disturbance impacts: B Nifios
and giant kelp forestsin the northeast Pacific. Oecologia 138:436-447

Eisenhardt, E P. 2003. San Juan County bottomfish recovery program: 2002 acoustic
telemetry project. San Juan County Marine Resources Committee, Friday
Harbor, WA.

Field, J. C., and S Ralston. 2005. Spatial variability in rockfish (Sebastes spp.)
recruitment eventsin the California Current System. Canadian Journal of
Fisheries and Aquatic Siences 62:2199-2210.

Field, J. C., and R. C. Francis. 2006. Considering ecosystem-based fisheries
management in the California Current. Marine Policy 30:552-569.

Field, J. C., R. C. Francis, and K. Aydin. 2006a. Top-down modeling and bottom-up
dynamics: Linking a fisheries-based ecosystem model with climate. Progress in
QOceanography 68:238-270.

64



Field, J.C., A.E Punt, R D. Method and C.J. Thomson. 2006b. Does MPA mean
'Major problem for assessments'? Considering the consequences of place-based
management systems. Fish and Fisheries 7:284-302.

Foster, M. S, and D. R. Schiel. 1985. The ecology of giant kelp forestsin California:
A community profile. U. S Fish and Wildlife Service Biological Report 85
(7.2):1-152.

Fisk, M. R, R. A. Duncan, C. G Fox, and J. B. Witter. 1993. Emergence and
Petrology of the Mendocino Rdge. Marine Geophysical Researches 15:283-296.

Francis, R. C., M. A. Hixon, M. E Clarke, S. A. Murawski, and S Ralston. 2007. Ten
commandments for ecosystem-based fisheries scientists. Fisheries 32:217-233.

Gabriel, W. L. 1982. Sructure and dynamics of northeastern Pacific demersal fish
assemblages. Ph.D. thesis. Oregon Sate University, Corvallis, OR

Gaichas, S and J. lanelli. 2005. Gulf of Alaska thornyheads. In North Pacific Sock
Assessment and Fishery Evaluation Reports: North Pacific Fishery Management
Council, Anchorage, AK

Gilden, J. 1999. Oregon's Changing Coastal Fishing Communities. ORESU-0-99-001,
Oregon Sea Grant, Oregon Sate University.

Gomez-Uchida, D., and M. A. Banks. 2005. Microsatellite analyses of spatial genetic
structure in darkblotched rockfish (Sebastes crameri): |s pooling samples safe?
Canadian Journal of Fisheries and Aquatic Siences 62:1874-1886.

Graham, M. B., B.S. Halpern, and M. H. Carr. 2008. Diversity and dynamics of
California subtidal kelp forests: disentangling trophic interactions from habitat
associations. Pages 103-134 in T.R McCanahan and G. M. Branch (eds), Marine
Sublittoral Food Webs. Oxford University Press.

Gunderson, D.R. 1997. Satial patternsin the dynamics of slope rockfish stocks and
their implications for management. Fisheries Bulletin 95: 219-230

Gunderson, D. R., and R. D. Vetter. 2006. Temperate Rock y Reef Fishes. in J. P.
Kritzer and P. F. Sale, editors. Marine metapopulations. Bsevier Academic
Press, Amsterdam; Boston.

Gunderson, D., S Heppell, R. Hilborn, J. Cope, A. Parma, D. Fluharty, M. Miller, R.
Vetter, G Greene, and M. Fraidenberg. in review. The challenge of managing
rocky reef resources. University of Washington Rocky Reef §ymposium: 7-8
June 2007.

Halpern, B. S, K. Cottenie, and B. R. Broitman. 2006. Srong top-down control in
southern California kelp forest ecosystems. Science 312:1230-1232.

Hanna, S S 1992. Interactions between shellfish and groundfish fisheries on the west
coast: implications for system management. Journal of Shellfish Research
11:133-141.

Hartmann, A .R. 1987. Movement of scorpionfishes (Scorpaenida: Sebastes and
Scorpaena) in the Southern California Bight. California Fish and Game 73: 68-
79.

Harvey, C. J., N. Tolimieri, and P. S Levin. 2006. Changesin body size, abundance,
and energy allocation in rockfish assemblages of the Northeast Pacific.
Ecological Applications 16:1502-1515.

Hayden, B. P., and R. Dolan. 1976. Coastal marine fauna and marine climates of the
Americas. Journal of Biogeography 3:71-81.

Helser, T., I. J. Stewart, G Fleischer, and S Martell. 2006b. Sock Assessment of
Pacific Hake (Whiting) in U.S and Canadian Watersin 2006. In Volume 7: Satus

65



of the Pacific Coast Groundfish Fishery Through 2005, Sock Assessment and
Fishery Evaluation Portland, OR: Pacific Fishery Management Council.

Hickey, B. M. 1979. The California Current System: hypotheses and facts. Progressin
Oceanography 8:191-279.

Hickey, B. M. 1998. Coastal oceanography of western North America from the tip of
Baja California to Vancouver isand. in A. R Robinson and K H. Brink, editors.
The sea. Vol. 11, the global coastal ocean. Wiley, New York; Chichester.

Hickey, B. M., and N. S Banas. 2003. Cceanography of the US Pacific Northwest
Coastal Ocean and estuaries with application to coastal ecology. Estuaries
26:1010-1031.

Hilborn, R., T. P. Quinn, D. E. Schindler, and D. E Rogers. 2003. Biocomplexity and
fisheries sustainability. Proceedings of the National Academy of Sciences of the
United S ates of America 100:6564-6568.

Holling, C. S 1993. Investing in Research for Qustainability. Ecological Applications
3:552-555.

Holling, C. S, and G. K Meffe. 1996. Command and control and the pathology of
natural resource management. Conservation Biology 10:328-337.

Hutchings, J. A. 1996. Soatial and temporal variation in the density of northern cod
and a review of hypotheses for the stock's collapse. Ganadian Journal of
Fisheries and Aquatic Siences 53:943-962.

Jackson, J. B. C., M. X. Kirby, W. H. Berger, K A Bjorndal, L. W. Botsford, B. J.
Bourque, R. H. Bradbury, R. Cooke, J. Erlandson, J. A Estes, T. P. Hughes,
S Kidwell, C. B. Lange, H. S Lenihan, J. M. Pandolfi, C. H. Peterson, R. S
Steneck, M. J. Tegner, and R. R. Warner. 2001. Historical overfishing and the
recent collapse of coastal ecosystems. Sience 293:629-638.

Jacobson, L.D. and R.D. Vetter. 1996. Bathymetric demography and niche separation
of thornyhead rockfish: Sebastolobus alascanus and Sebastolobus altivelis.
Canadian Journal of Fisheries and Aquatic Siences 53: 600-609.

Jagielo, T.H. 1990. Movement of tagged lingcod (Ophiodon elongates) at Neah Bay,
Washington. Fishery Bulletin 88: 815-820.

Jagielo, T.H. 1999. Movement, mortality, and size selectivity of sport- and trawl-
caught lingcod off Washington. Transactions of the American Fisheries Society
128: 31-48.

Jay, C. V. 1996. Distribution of bottom-trawl fish assemblages over the continental
shelf and upper slope of the USwest coast, 1977-1992. Canadian Journal of
Fisheries and Aquatic Siences 53:1203-1225.

Jentoft, S 2000. The community: a missing link of fisheries management. Marine
Policy 24:53-59.

Jimenez-Perez, L. C., and B. E Lavaniegos. 2004. Changesin dominance of
copepods off Baja California during the 1997-1999 H Nifio and La Nifia. Marine
Ecology-Progress Series 277:147-165.

Jow, T. 1969. Results of English sole tagging off California. Pacific Marine Fisheries
Commission (PMFC) Bulletin 7: 16-33.

Karpov, K., D. Albin, and W. Van Buskirk. 1995. The marine recreational fishery in
Northern and Central California: A historical comparison (1958-86), status of
stocks (1980-86), and effects of changesin the California Current. Fish Bulletin
176.

66



Kates, R. W., W. C. Clark, R. Corell, J. M. Hall, C. C. Jaeger, |. Lowe, J. J.
McCarthy, H. J. Schellnhuber, B. Bolin, N. M. Dickson, S Faucheux, G C
Gallopin, A Grubler, B. Huntley, J. Jager, N. S. Jodha, R. E. Kasperson, A.
Mabogunje, P. Matson, H. Mooney, B. Moore, T. O'Riordan, and U. Svedin.
2001. Qustainability science. Sience 292:641-642.

Keister, J. E, and W. T. Peterson. 2003. Zonal and seasonal variationsin
zooplankton community structure off the central Oregon coast, 1998-2000.
Progress in Oceanography 57:341-361.

Keister, J. E, T. B. Johnson, C. A. Morgan, and W. T. Peterson. 2005. Biological
indicators of the timing and direction of warm-water advection during the
1997/ 1998 H Nino off the central Oregon coast, USA. Marine Ecology-Progress
Series 295:43-48.

Ketchen, K.S. and C.R. Forrester. 1966. Population dynamics of the petrale sole,
Eopsetta jordani, in waters off western Canada. Bulletin of the Fisheries
Research Board of Canada 115.

Key, M., A.D. MacCall, J. Field, D. Aseltine-Neilson and K. Lynn. 2008. The 2007
assessment of blue rockfish (Sebastes mystinus) in California. PFMC, Portland,
OR

Kimura, D.K., A M. Shimada, and F.R. Shaw. 1998. Sock structure and movement of
tagged sablefish, Anoplopoma fimbria, in offshore northeast Pacific waters and
the effects of B Nifio-Southern Oscillation on migration and growth. Fishery
Bulletin 96: 462-481.

Largier, J. L. 2003. Considerationsin estimating larval dispersal distances from
oceanographic data. Ecological Applications13:571-339.

Lee, Y. W., and D. B. Sampson. 2000. Spatial and temporal stability of commercial
groundfish assemblages off Oregon and Washington as inferred from Oregon
trawl logbooks. Canadian Journal of Fisheries and Aquatic Sciences 57:2443-
2454,

Levin, P. S, E. E Holmes, K. R Piner, and C. J. Harvey. 2006. Shiftsin a Pacific
ocean fish assemblage: the potential influence of exploitation. Conservation
Biology 20:1181-1190.

Levin, S A 1992. The Problem of Pattern and Scale in Ecology. Ecology 73:1943-
1967.

Levin, S A., and J. Lubchenco. 2008. Resilience, Robustness, and Marine Ecosystem-
based Management. Bioscience 58:27-32.

Love, M.S 1981. Evidence of movements of some deepwater rockfishes
(Scorpaenidae: Genus Sebastes) off Southern California. California Fish and
Game 67: 246-249.

Love, M.S, B. Axell, P. Morris, R. Collins, and A. Brooks. 1987. Life history and
fishery of the California Scorpionfish, Scorpaena guttata, within the Southern
California Bight. Fishery Bulletin 85: 99-116.

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

Love, M. S, and M. M. Yoklavich. 2006. Deep rock habitats. in L. G. Allen, D. J.
Pondella, and M. H. Horn, editors. Ecology of marine fishes California and
adjacent waters. University of California Press, Berkeley.

67



Lynn, RS and J.J. Smpson. 1987. The California current system: the seasonal
variability of its physical characteristics. Journal of Geophysical Research 92:
C12: 12947-12966.

Matala, A. P., A. K Gray, A J. Gharrett, and M. S Love. 2004. Microsatellite
variation indicates population genetic structure of bocaccio. North American
Journal of Fisheries Management 24:1189-1202.

Mathews, S B. and M.W. Barker. 1983. Movements of rockfish (Sebastes) tagged in
northern Puget Sound, Washington. Fishery Bulletin 82: 916-922.

Mathews, S B. and M. LaRiviere. 1987. Movement of tagged lingcod, Qphiodon
elongates, in the Pacific Northwest. Fishery Bulletin 85: 153-159.

Matthews, K R. 1990. An experimental study of the habitat preferences and
movement patterns of copper, quillback, and brown rockfishes (Sebastes spp.).
Environmental Biology of Fishes29: 161-178.

McEvoy, A. F. 1986. The fisherman's problem: ecology and law in the California
fisheries, 1850-1980. Cambridge University Press, Cambridge, CB; New York.

McEvoy, A. F. 1996. Historical interdependence between ecology, production, and
management in California fisheries. in D. Bottom, G. Reeves, and M. Brookes,
editors. Sustainability Issues for Resource Managers. USDA Forest Service Tech
Rep. PNW-GTR-370.

Methot, R D. and I.J. Stewart. 2005. Satus of the U.S canary rockfish resource in
2005. Pacific Fishery Management Council: Portland, Oregon; 2005.

Methot, R.D., P. Crone, R.J. Conser, J. Brodziak, T. Builder and D. Kamikawa.
1999. Satus of the sablefish resource off the U.S Pacific Coast in 1998. In
Appendix to the status of the Pacific coast groundfish fishery through 1998:
Sock assessment and fishery evaluation. Pacific Fishery Management Council:
Portland, Oregon.

Morgan, L. E., and S A Shepherd. 2006. Population and Spatial Sructure of Two
Common Temperate Reef Herbivores: Abalone and Sea Urchins. Pages 205-246
inJ. P. Kritzer and P. F. Sale, editors. Marine metapopulations. Hsevier
Academic Press, Amsterdam; Boston.

Mueter, F.J., Ware, D.M., Peterman, R M. 2002. Soatial correlation patternsin
coastal environmental variables and survival rates of saimon in the north-east
Pacific Ocean. Fish. Oceanogr. 11: 205-218.

National Marine Fisheries Service (NMFS). 2005. Pacific Coast Groundfish Fishery
Management Plan Essential Fish Habitat Designation and Minimization of
Adverse Impacts Final Environmental Impact S atement. National Marine
Fisheries Service, Northwest Region, Seattle.

National Marine Fisheries Service (NMFS). 2007. Northwest Regional Fisheries
Permits Office Groundfish Federal Fisheries Permits. in
http:// nwr2.nmfs. noaa. gov/ main/ nwp_public/ nwp_public/ index_pub_permits
.cfm.

National Marine Fisheries Service (NMFS). 2008. Northwest Regional Office
Groundfish Closed Areas. in http:// www.nwr.noaa.gov/ Groundfish-

Halibut/ Groundfish-Fishery-Management/ Groundfish-Closed-Areas/ Index.cfm.

National Oceanic and Atmospheric Administration (NOAA). 2008. CoastWatch West
Coast Data Browser. West Coast Regional Node.
http:// coastwatch. pfel.noaa.gov/ .

68



Norman, K., J. Sepez, H. Lazrus, N. Milne, C. Package, S Russell, K Grant, R.
Peterson, J. Primo, M. Styles, B. Tilt, and I. Vaccaro. Community profiles for
West Coast and North Pacific Fisheries - Washington, Oregon, California, and
other U.S states.
http:// www.nwfsc.noaa.gov/ research/ divisions/ sd/ communityprofiles/ index.c
fm.

Oregon Department of Fish and Wildlife (ODFW). 2000. Oregon Marine Fisheries
Satus Report. Oregon Department of Fish and Wildlife Marine Resources
Program, Newport, Oregon.

Oregon Department of Fish and Wildlife (ODFW). 2002. An Interim Management Plan
for Oregon's Nearshore Commercial Fisheries. Oregon Department of Fish and
Wildlife, Newport, Oregon.

Oregon Department of Fish and Wildlife (ODFW). 2007a. Black Rockfish Management
Zones Map. in
http://www.dfw.state.or.us’ MRP/ regulations/ commercial_fishing/ blackrf/ bla
ckrf_zones2006. asp.

Oregon Department of Fish and Wildlife (ODFW). 2007b. Marine Resources Program
Overview. Oregon Department of Fish and Wildlife Marine Resources Program,
Newport, Oregon.

Oregon Department of Fish and Wildlife (ODFW). 2007c. Oregon Commercial Fishing
Regulations. Oregon Department of Fish and Wildlife Marine Resources
Program, Newport, Oregon.

O'Farrell, M. R., and L. W. Botsford. 2006. Estimating the status of nearshore
rockfish (Sebastes spp.) populations with length frequency data. Ecological
Applications 16:977-986.

Oregon Coastal Zone Management Association (OCZMA). 2002. Oregon's Groundfish
Fishery: Trends, Implications, and Transitioning Plans. Cregon Coastal Zone
Management Association (OCZMA), Oregon Economic and Community
Development Department (OECDD).

Pacific Fisheries Management Council (PFMC). 1998. Amendment 8 (to the Northern
Anchovy Fishery Management Plan). Incorporating a name change to: The
Coastal Pelagic Sbecies Fishery Management Plan. Pacific Fishery Management
Council, Portland, OR

Pacific Fisheries Management Council (PFMC). 2004a. Acceptable biological catch
and optimum yield specification and management measures for the 2004
Pacific Coast groundfish fishery. Final environmental impact statement and
regulatory analyses. Pacific Fishery Management Council, Portland, OR

Pacific Fisheries Management Council (PFMC). 2004b. Appendix A to the Proposed
Acceptable Biological Catch and Optimum Yield Soecifications and
Management Measures for the 2005-2006 Pacific Coast Groundfish Fishery:
Affected Environment; Final Environmental Impact S atement Including
Regulatory Impact Review and Initial Regulatory Flexibility Analysis. Pacific
Fishery Management Council, Portland, OR

Pacific Fisheries Management Council (PFMC). 2005. 2005-06 groundfish FMP
management specifications environmental impact statement (EIS). in
http:// www.pcouncil.org/ groundfish/ gf spex/ gf spex05-06. html

Pacific Fisheries Management Council (PFMC). 2006. Pacific Coast Groundfish
Fishery Management Plan for the California, Oregon, and Washington

69



Groundfish Fishery as Amended through Amendment 19. Pacific Fishery
Management Council, Portland, OR.

Pacific Fisheries Management Council (PFMC). 2007a. Agenda Item C.5.a,
Attachment 1: Saff white paper: Development of an Ecosystem Fishery
Management Plan. Pacific Fishery Management Council, Portland, OR

Pacific Fisheries Management Council (PFMC). 2007b. Agenda Iltem E 8.4,
Attachment 1: Tables Summarizing Historical Catch Data by Fishing Sector
Relevant to the Intersector Allocation Process. Pacific Fishery Management
Council, Portland, OR

Pacific Fisheries Management Council (PFMC). 2007c. GMT Report Item E 9.c,
Groundfish Management Team Report on Area Management Under Trawl!
Rationalization. Pacific Fishery Management Council, Portland, OR

Pacific Fisheries Management Council and National Marine Fisheries Service (PFMC
and NMFS). 2006. Proposed Acceptable Biological Gatch and Optimum Yield
Specifications and Management Measures for the 2007-2008 Pacific Coast
Groundfish Fishery, and Amendment 16-4: Rebuilding Plans For Seven Depleted
Pacific Coast Groundfish Species; Final Environmental Impact & atement
Including Regulatory Impact Review and Initial Regulatory Flexibility Analysis.
Pacific Fishery Management Council, Portland, OR

Pacific States Marine Fisheries Commission (PSMFC). 2007. Pacific Coast Fisheries
Information Network (PacFIN). in http:// www.psmfc.org/ pacfin/.

Paine, R. T. 1980. Food Webs - Linkage, Interaction Srength and Community
Infrastructure - the 3rd Tansgley Lecture. Journal of Animal Ecology 49:667-685.

Parrish, R H., C. S Nelson, and A. Bakun. 1981. Transport mechanisms and
reproductive success of fishesin the California Current. Biological
Oceanography 1:175-202.

Pearcy, W.G. 1992. Movements of acoustically-tagged yellowtail rockfish Sebastes
flavidus on Heceta Bank, Oregon. Fishery Bulletin 90: 726-735.

Pedersen, M.G. 1975. Movement and growth of petrale sole (Eopsetta jordani) tagged
off Washington and southwest Vancouver Island. Journal of the Fisheries
Research Board of Canada 32: 2169-2177.

Perry, R I., and R. E. Ommer. 2003. Sale issuesin marine ecosystems and human
interactions. Fisheries Oceanography 12:513-522.

Peterman, R. M. 2004. Possible solutionsto some challenges facing fisheries scientists
and managers. /ICESJournal of Marine Sience 61(8): 1331-1343.

Peterson, W. T., and C. B. Miller. 1977. Seasonal Cycle of Zooplankton Abundance
and Secies Composition Along Central Oregon Coast. Fishery Bulletin 75:717-
724,

Peterson, W. T., and J. E Keister. 2003. Interannual variability in copepod
community composition at a coastal station in the northern California Current:
a multivariate approach. Deep-Sea Research Part li-Topical Sudiesin
QOceanography 50:2499-2517.

Peterson, W. T., J. E. Keister, and L. R. Feinberg. 2002. The effects of the 1997-99
B Nifio/ La Nifia events on hydrography and zooplankton off the central Oregon
coast. Progressin Oceanography 54:381-398.

Peterson, W. T., R. C. Hooff, C. A Morgan, K. L. Hunter, E Casillas, and J. W.
Ferguson. 2006. Ocean conditions and salmon survival in the Northern
California Current.

70



http://www. nwfsc. noaa. gov/research/divisions/ fed/ ecosysrep. pdf, National
Marine Fisheries Service, Newport, OR

Reed, D. C., B. P. Kinlan, P. T. Raimondi, L. Washburn, B. Gaylord, and P. T.
Drake. 2006. A Metapopulation Perspective on the Patch Dynamics of Giant
Kelp in Southern California. Pages 353-386 in J. P. Kritzer and P. F. Sale,
editors. Marine metapopulations. Hsevier Academic Press, Amsterdam; Boston.

Reum, J. C. P. 2006. Spatial and temporal variation in the Puget Sound food web.
M. S thesis. University of Washington, Seattle, WA

Rogers, J. 2005. Satus of the darkblotched rockfish (Sebastes crameri) resource in
2005. Pacific Fishery Management Council: Portland, Oregon; 2005.

Rogers, J. B., and E K Pikitch. 1992. Numerical Definition of Groundfish
Assemblages Caught Off the Coasts of Oregon and Washington Using
Commercial Fishing Srategies. Ganadian Journal of Fisheries and Aquatic
Sciences 49:2648-2656.

Schellnhuber, H. J. 1999. 'Earth system' analysis and the second Copernican
revolution. Nature 402:C19-C23.

Sepez, J. A, B.D. Tilt, C.L. Package, H.M. Lazrus, and I. Vaccaro. 2005. Community
profiles for North Pacific fisheries - Alaska. Dept. Commer. NOAA Tech. Memo.
NMFS AFSC-160. 552 p.

Shanks, A. L. and G L. Eckert. 2005. Population persistence of California Current
fishes and benthic crustaceans: A marine drift paradox. Ecological Monographs
75:505-524.

Sogard, S M., S A. Berkeley and R. Fisher. 2008. Maternal effectsin rockfishes
Sebastes spp.: a comparison among species. Mar. Ecol. Prog. Ser. 360:227-236.

Springer, Y., C. Hays, M. Carr, and M. Mackey. 2007. Ecology and management of
the bull kelp, Nereocystis luetkeana: a synthesis with recommendations for
future research. A Lenfest Ocean Program Research Series report, 48 pages.

Stanley, R.D., Leaman, B.M., Haldorson, L., and O’ Connell, V.M. 1994. Movement of
tagged adult yellowtail rockfish, Sebastes flavidus, off the west coast of North
America. Fish. Bull. 92: 655-663.

Starr, R.M., J.N. Heine and G.M. Cailliet. 2002. Movements of bocaccio (Sebastes
paucispinis) and greenspotted (S chlorostictus) rockfishesin a Monterey
submarine canyon: implications for the design of marine reserves. Fishery
Bulletin 100: 324-337.

Starr, R M., V. O’Connell, and S Ralston. 2004. Movements of lingcod (Ophiodon
elongates) in southeast Alaska: potential for increased conservation and yield
from marine reserves. Canadian Journal of Fisheries and Aquatic Sciences 61:
1083-1094.

Steneck, R S, M. H. Graham, B. J. Bourque, D. Corbett, J. M. Erlandson, J. A
Estes, and M. J. Tegner. 2002. Kelp forest ecosystems: biodiversity, stability,
resilience and future. Environmental Conservation 29:436-459.

Steneck, R S, J. Vavrinec, and A V. Leland. 2004. Accelerating trophic-level
dysfunction in kelp forest ecosystems of the western North Atlantic.
Ecosystems 7:323-332.

Stephens, J. D. Pondella and R. J. Larson. 2006. Rocky reefs and kep beds. In Allen,
L. G., D. J. Pondella, and M. H. Horn (editors) Ecology of marine fishes
Galifornia and adjacent waters. University of California Press, Berkeley.p. 227-
252.

71



Stepien, C. A 1999. Phylogeographical structure of the Dover sole Microstomus
pacificus. the larval retention hypothesis and genetic divergence along the
deep continental slope of the northeastern Pacific Ocean. Molecular Ecology
8:923-939.

Stepien, C. A, A. K Dillon, and A K Patterson. 2000. Population genetics,
phylogeography, and systematics of the thornyhead rockfishes (Sebastolobus)
along the deep continental slopes of the North Pacific Ocean. Canadian Journal
of Fisheries and Aquatic Siences57:1701-1717.

Strub, P. T., J. S Allen, A Huyer, and R. L. Smith. 1987a. Seasonal cyclesin
currents, temperature, winds, and sea level over the North Pacific Continental
shelf: 35° N to 48° N. Journal of Geophysical Research 92:1507-1526.

Strub, P. T., J. S Allen, A Huyer, and R. L. Smith. 1987b. Large-scale structure of
the spring transition in the coastal ocean off western North America. Journal of
Geophysical Research 92:1527-1544.

Sweetnam, D., D. Aseltine-Neilson, K. Barsky, M. Connell, J. Heisdorff, P. Kalvass,
J. Mello, K. O'Reilly, V. Taylor, S Wertz, and D. Wilson-Vandenberg. 2005.
Review of some California fisheries for 2004: Coastal pelagic finfish, market
squid, sea urchin, lobster, spot and ridgeback prawn, groundfish, highly
migratory species, ocean salmon, nearshore live-fish, Pacific herring, and
recreational. Galifornia Cooperative Oceanic Fisheries Investigations Reports
46:10-31.

Tolimieri, N., and P. S Levin. 2006. Assemblage structure of eastern pacific
groundfishes on the UScontinental sope in relation to physical and
environmental variables. Transactions of the American Fisheries Society
135:317-332.

U.S GLOBEC. 1994. Eastern Boundary Current program: A science plan for the
California Current. U.S Global Ccean Ecosystem Dynamics. U.S GLOBEC
Report 11.

Wakefield, W.W. 1990. Patternsin the distribution of demersal fishes on the upper
continental slope off Central California with studies on the role of ontogenetic
vertical migration in particle flux. Ph.D. Dissertation in Oceanography,
University of California San Diego.

Walker, B. H., and D. Salt. 2006. Resilience thinking: sustaining ecosystems and
people in a changing world. 1dand Press, Washington, DC.

Walker, B., S Carpenter, J. Anderies, N. Abel, G Cumming, M. Janssen, L. Lebel,
J. Norberg, G D. Peterson, and R. Pritchard. 2002. Resilience management in
social-ecological systems: a working hypothesis for a participatory approach.
Conservation Ecology 6.

Ware, D. M., and G. A. McFarlane. 1989. Fisheries production domainsin the
Northeast Pacific Ocean. Pages 359-379 in R J. Beamish and G. A. McFarlane,
editors. Effects of ocean variability on recruitment and an evaluation of
parameters used in stock assessment models. Can. Sec. Publ. Fish. Aquat.
&i. 108.

Ware, D. M., and R. E Thomson. 2005. Bottom-up ecosystem trophic dynamics
determine fish production in the northeast Pacific. Sience 308:1280-1284.

Warne, K 2007. Blue Haven. National Geographic 211:70-89.

Weinberg, K L. 1994. Rockfish Assemblages of the Mddle Shelf and Upper Sope Off
Oregon and Washington. Fishery Bulletin 92:620-632.

72



Westrheim, S.J., W.H. Barss, EK Pikitch, and L.F. Quirollo. 1992. Sock
delineation of Dover sole in the California-British Columbia region, based on
tagging studies conducted during 1948-1979.

Williams, E H., and S Ralston. 2002. Distribution and co-occurrence of rockfishes
(family: Sebastidae) over trawlable shelf and slope habitats of California and
southern Oregon. Fishery Bulletin 100:836-855.

Yoklavich, M. M., H. G Greene, G M. Cailliet, D. E. Sullivan, R. N. Lea, and M. S.
Love. 2000. Habitat associations of deep-water rockfishesin a submarine
canyon: an example of a natural refuge. Fishery Bulletin 98:625-641.

Zabel, R. W., C. J. Harvey, S L. Katz, T. P. Good, and P. S. Levin. 2003.
Ecologically sustainable yield - Marine conservation requires a new ecosystem-
based concept for fisheries management that looks beyond sustainable yield for
individual fist species. American Sientist 91:150-157.

73



Appendix I:

Latitudinal Variationsin the Physical and Biological Oceanography in the California
Current: gradients or boundaries?

Bill Peterson
NOAA-Fisheries
Northwest Fisheries Science Center
Hatfield Marine Sience Center
Newport OR

The California Current begins at the northern tip of Vancouver Island Canada, and
ends somewhere between Punta Eugenia and the tip of Baja California Mexico. The
alongshore extent ison the order of 28° of latitude (51°Nto 23°N). Asthe current
flows from north to south, the waters warm and mix with offshore waters such that
both temperature and salinity increase gradually in a southward direction. Not
surprisingly, observations of the biota of the California Current show that there are
pronounced latitudinal differencesin the species composition of plankton, fish, and
benthic communities, ranging from cold water boreal sub-arctic speciesin the north
to warm water subtropical speciesin the south. But are species changes along a
temperature gradient gradual, or are there abrupt faunal boundaries where sudden
shiftsin species composition occur? That answer is of course, “it depends..”.

In considering this question, one must keep in mind several processes which affect the
circulation of the California Current and biota contained therein. First, it iscritically
important to understand the origin of the source watersthat feed the current. In the
branch of the northern California Current that flows over the continental shelf, there
is a strong seasonal cycle in source waters due to reversals of flowsin summer and
winter, resulting from seasonal reversalsin wind stress. In summer, the winds blow
from the north which forces the coastal currentsto flow southward and offshore,
resulting in upwelling at the coast. Source watersfor are pulled into the California
Current from the north, but also from deep waters offshore that brought onto the
continental shelf and to the sea surface, nearshore, by the upwelling process.
However, in winter, intense southwesterly storms push offshore waters onshore, from
the south, resulting in a reversal of coastal currents such that waters flow northward.
This northward flow in winter is named the Davidson Current. This current bringsto
the shelf warm “subtropical” waters from the offshore California Current. Seasonal
reversalsin currents have not been well-studied in a spatial context although
generally speaking, reversals are seen mostly in continental shelf and slope waters,
and reversals are strongest north of central California.

The transition pointsin the winds and currents are referred to as the “spring
transition” and “fall transition”. The timing of the occurrence of these eventsis
important to biological productivity because an early spring transition signals an early
start to the upwelling season.
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Offshore of the continental shelf, at all latitudes, the California Current experiences a
net flow towards the south year around. Thus when considering gradientsin species
composition of planktonic plants and animals, both season and location must be taken
into account. For example, off Oregon, Keister and Peterson (2003) have shown that
copepod community composition in offshore waters (deeper than ~ 1000 m) do not
show any seasonal changes whereas continental shelf waters have a summer
community that isdistinctly different from a winter community. The offshore
community observed year-around is more temperature-subtropical in character, a
result of the fact that the offshore portions of the California Current have their origin
in the southern part of the sub-Arctic Pacific and the Transition Zone. The continental
shelf/ slope copepod community observed during the summer is boreal in character
due to upwelling; the winter community is subtropical due to northward and
shoreward transport of “warm-water” coastal species (first described by Peterson and
Mller 1977, Peterson and Keister 2003).

The strong contrast in species composition between shelf and offshore waters during
summer is due to the upwelling process. A combination of upwelling itself along with
the sub-Arctic water which feeds the inshore arm of the northern end of the
California Current create conditions favorable for development of a huge biomass of
sub-Arctic zooplankton. This pattern is slightly modified as a function of the phase of
the Pacific Decadal Oscillation. During cool phase, all of the northern California
Current becomes more sub-Arctic in character (both shelf-dope-oceanic regions);
during warm phase of the PDO, the copepod community becomes far more similar to a
sub-tropical community. Copepod biodiversity increasesin coastal waters, due to
shore-ward movement of offshore waters onto the continental shelf, due to either
weakening of southward wind stress in summer or strengthening of northward wind
stressin winter. Thus, when PDOisin positive phase, a greater proportion of the
water entering the northern end of the Current is sub-tropical in character rather
than sub-Arctic.

Large H Nifio events, as observed in 1983 and 1997-98 completely change this
paradigm because massive quantities of subtropical waters flood the northern
California Current. These floods can persist for many months after the “end” of an
event because mixing and advective processes have to flush thislousy water from the
system and replace it with good water (from the sub-Arctic) before the system has
any chance of recovering. Thus, during such times, although physical oceanographers
may declare an end to an B Nifio event, there will be significant time lags (6-9
months) before the system hasreturned to a “normal” state (Peterson et al. 2002).

The undercurrent is another important feature —it transports large volumes of water
north in the California Current, at a depth of 150-300 m, along the continental slope,
usually adjacent to shelf break. The commercially-important fish with the largest
biomass in the California Current (Pacific whiting) ride this current north in summer
from their winter spawning grounds off central and southern California to their
summer feeding grounds off northern California, Oregon and Washington (Agostini et
al. 2006). They chase krill. Their migration may well be linked to krill availability in
that years of high krill abundance may result in a truncated hake migration in
summer, whereas when krill abundance islow, the hake may either migrate further
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north in search of krill and/ or feed on other fishes such as anchovies, sardines and
osmeriids.

Thus, when considering the question of “gradients in species composition”, vs.
“faunal boundaries” for pelagic species influenced by the currents, one must specify
the region of interest: shelf watersvs. offshore waters, the latitude, and the season.

Having said all of that, here iswhat | believe to be the consensus on faunal
boundaries:

The U.S GLOBEC-Northeast Pacific Program divided the California Current into four
regions: Dixon Entrance/ Vancouver Island Canada to Cape Blanco Oregon; Blanco to
Point Conception California; Conception to Punta Baja Mexico; and Punta Bajato
Cabo &an Lucas (U.S GLOBEC 1994) with the regions defined in terms of differencesin
physical forcing, seasonality of plankton production, zooplankton species composition,
and fish spawning strategies. The Blanco-Mendocino region is a faunal boundary to
some species largely because of high windsin thisregion, resulting in more intense
upwelling, and greater rates of offshore transport of coastal waters. Thusthere isa
high potential for the loss of larvae (poor recruitment) of organisms with pelagic
larvae. Point Concepcion is a faunal boundary, but not necessarily due to changesin
the wind field in that region, rather the orientation of the California coast changes
from north-south to east-west at Concepcion. At Point Concepcion, the California
Current continuesto run south (not east west), carrying with it the coastal plankton
(and “recruits) into deep waters.

Within the domain of the California Current, there isa strong latitudinal gradient in
the strength of upwelling. The upwelling processisrelatively gentle in shelf waters
off Vancouver Idand (Canada), Washington and northern Oregon. Winds are weak and
upwelling isa “linear” 2-dimensional process —surface waters are driven offshore by
the northerly winds and deep waters are upwelled at the coast. The circulation
more-or-less tracks the bathymetry, with a southward-flowing upwelling jet current
usually developing in mid-outer shelf waters. At the southern end of Heceta Bank
(44°N), there can be flow-topography interactions due to the orientation of the Bank,
such that the upwelling jet can separate from the coast and “wanders” around in
more offshore waters. There can also be reversals of the flows over Heceta Bank
during brief downwelling events (Barth et al. 2005).

Winds become even stronger at Cape Blanco (~ 42°40’N) and the California Current
beginsto “break-up” so to speak, becoming more 3-dimensional in that the upwelling
jet separates from the shelf (Barth et al. 2000) can shoot offshore, inshore or even
towards the north, and many mesoscale eddies are generated. Thus, at and near
Blanco, what was once an apparently simple lazy southward current, becomes a maze
of swirling eddies. Granted there isa net flow to the south, but eddies and jets
complicate things greatly. Critically important isthe fact that the jets and eddies
can rip large quantities of water from coastal regions and deposit them into offshore
waters. Thus, boreal coastal planktonic species from the subarctic begin to have a
hard time maintaining a viable population in the coastal waters south of Cape Blanco.
There is good evidence demonstrating the loss of some of the boreal copepod species,
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Calanus marshallae, Pseudocalanus mimus and Centropages abdominalis, and we
begin to see the appearance of two subtropical species that become dominant farther
south (Galanus pacificus and Paracalanus parvus (Keister and Peterson 2003).
However other species show no change. Snce this paper was published, we have
collected lots more data and Julie Keister has continued this work as part of a Ph.D.
dissertation devoted partially to working out the problem of offshore losses of
plankton due to jets and eddiesin the central-southern Oregon region. The thesisis
expected to be finished by April 2008.

Although it is clear from our work on copepods that sub-Arctic species begin to
decline in abundance in the region near Cape Blanco the euphausiids do not seem to
notice. In fact, if anything, they may well have their greatest abundance in the
Blanco-Crescent City region (work of one of my staff, Jen Menkel, who should be able
to start writing thisup by this fall or early winter).

Here is a brief summary of the above comments:

o Scasonal reversalsin coastal currents bring radically different copepod
communitiesinto the coastal waters of the northern end of the California
Current, a processthat must result in very different feeding conditions for
planktivorous fishes.

e The onset of upwelling in spring creates strong cross-shelf gradientsin copepod
community composition —a boreal subarctic community in shelf waters and a
temperate-subtropical community in offshore waters.

e When upwelling is weak or non-existent (asin winters or during summers during
positive PDO phase), cross shelf gradients are weak to non-existent and the
copepod community in continental shelf waterslooks much like the offshore
copepod community.

e Inthe region between southern Heceta Bank (44°N) and Cape Blanco 42°30' N)
upwelling intensifies, the region influenced by upwelling broadens and coastal
waters are carried offshore. Moreover the California Current itself beginsto
change from a nice simple “2-dimensional” system a “ 3-dimensional” system
dominated by high activity of mesoscale jets and eddies that wander around
seemingly at random. There is a general (average) transport to the south, but
it isnot hard to image that some water particles (and plankton contained
therein) might only be transported in circles, thus experience no latitudinal
transport, for days-to-weeks on end.

e ltisinthe Blanco region that we begin to see the dominant boreal copepods
disappear (such as Galanus marshallae, Pseudocalanus mimus and Centropages
abdominalis) and we begin to see their subtropical congeners appear (Calanus
pacificus and Paracalanus parvus).
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S, is Cape Blanco a faunal boundary for zooplankton? For some zooplankton species
“yes’, but for others “no”. The “no” appliesto the more oceanic (but sub-Arctic)
species such as Neocalanus plumchrusand N. cristatuswhich are transported farther
south, but become uncommon south of Mendocino (CalCOFl Atlases No. 2 and No. 7).
Note however that N. plumchrus occurs off Baja Californiain cold years, such as
during the La Nifia of 1999 (Jimenez-Perez and Lavaniegos 2004). o, although one
could be safe in stating that there isa “faunal boundary” between Capes Blanco and
Mendocino, because changesin community composition are relatively rapid there, the
“boundary” can be rather fuzzy.

But what about other species? Certainly for the rocky-intertidal benthic
invertebrates, it is clear that there is a latitudinal gradient in recruitment both at
Cape Blanco (Connolly et al. 2001) as well as Point Conception (Hayden and Dolan.
1976, Blanchette et al. 2007). However, other species may not notice these features:

e Two euphausiid species dominate the California Current, Euphausia pacifica
and Thysanoessa spinifera. They appear to be as abundant off Oregon as of f
California. There iscertainly a boundary for T. spinifera at Point Concepcion
(U.S GLOBEC 1994), whereas E pacifica can range south to waters off Baja; it
isalso clear that during the “cold” years (negative PDO), E pacifica can be
found almost as far south as Cabo San Lucas, at the tip of Baja California. In
an opposite manner, a subtropical species, Nyctiphanes simplexis usually most
abundant off Baja and into the S California Bight, however during B Nifio
events, this speciesistransported asfar north as Oregon (Keister et al. 2005).
Thus this speciesis a great indicator of the degree to which subtropical
plankton (and subtropical water) can be transported latitudinally.

e Fish. The dominant large fish species (biomass wise) is hake, and they know no
bounds. Asfor other fishes, | do not know much about possible changesin
distribution or recruitment that might be associated with capes. Moreover,
thisis probably too large of topic for me to review here.

e |thinkthat it isstill true (or at least widely believed) that no pelagic fish in
their right mind spawn in the region between Capes Blanco and Mendocino, due
largely to the high degree of turbulence there (in spring and summer), caused
by high winds (Parrish et al. 1981). Also offshore transport associated with the
mesoscale filaments, jets and eddies will quickly sweep larvae way away to the
deep blue sea. S0, one can view the Blanco-Mendocino couplet as a boundary
to spawning by fishes such as anchovies, sardines, whiting and mackerels.

e It isdefinitely true that many fish species spawn in winter, long before
upwelling starts, so that their weak-swimming larvae have become strong-
swimming juveniles by the time that upwelling begins (and in so doing, they are
better prepared to avoid being swept out of the upwelling system). However |
often wonder about this paradigm since all that a fish (or copepod) hasto do to
avoid being swept out of the upwelling system off Washington and Oregon isto
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swim down to a depth of 15 m or more and there they will experience either no
net offshore transport, or onshore transport.

Most rockfish species give live birth, presumably to avoid losses due to
transport. But are they worried about offshore or along shore transport? | do
not know.

Seabirds. | think there may be some stories here but they get complicated
quickly because many of them are limited by nesting sites or by habitat where
a colony can be established.

Gray and humpback whales, like whiting, have figured out the winter/ summer
thing and make the best of both worlds (reproduce in a care-free environment
down south in winter; feed where the lipids abound up north in summer). |
think they are unaware of the faunal boundary concept.

Bottom line. You have to know your species and a fair bit about their life history

before you generalize about faunal boundaries. A book by Briggs (1974), which
| have not consulted, apparently reviews many of the examples of species and
faunal boundaries.
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Appendix Il. Port groupings by state.
Source: PacFIN ports, subregions, countries, joint-ventures (PCID) code list.

WASHINGTON
Puget Sound
Neah Bay
Port Angeles
Sequim
Port Townsend
Blaine
Bellingham Bay
Anacortes
La Conner
Friday Harbor
Everett
Seattle
Tacoma
Olympia
Shelton
Other Puget Sound Ports
Washington Coastal Ports
La Push
Copalis Beach
Grays Harbor
Westport
Willapa Bay
llwaco/Chinook
Other Washingtion Coastal Ports

OREGON
Astoria
Astoria
Gearhart - Seaside
Cannon Beach
Tillamook Area Ports
Tillamook/Garibaldi
Nehalem Bay
Netarts Bay
Pacific City
Salmon River
Newport Area Ports
Depoe Bay
Siletz Bay
Newport
Waldport
Yachats
Coos Bay Area Ports
Winchester Bay
Charleston (Coos Bay)
Bandon
Florence
Brookings Area Ports
Port Orford
Gold Beach
Brookings

CALIFORNIA
Crescent City Area Ports
Crescent City
Other Del Norte County Ports
Eureka Area Ports
Eureka
Trinidad
Other Humboldt County Ports
Fields Landing
Fort Bragg Area Ports
Fort Bragg
Albion
Other Mendocino County Ports
Point Arena
Bodega Bay Area Ports
Bodega Bay
Point Reyes
Tomales Bay
Other Sonoma And Marin County Outer Coast Ports
Bolinas
San Francisco Area Ports
San Francisco
Sausalito
Oakland
Princeton / Half Moon Bay
Other S. F. Bay And San Mateo County Ports
Alameda
Berkeley
Richmond
Monterey Area Ports
Monterey
Moss Landing
Santa Cruz
Other Santa Cruz And Monterey County Ports
Morro Bay Area Ports
Morro Bay
Avila
Other San Luis Obispo County Ports
Santa Barbara Area Ports
Santa Barbara
Port Hueneme
Oxnard
Other Santa Barbara And Ventura County Ports
Ventura
Los Angeles Area Ports
Terminal Island
San Pedro
Willmington
Newport Beach
Dana Point
Other LA And Orange County Ports
Long Beach
San Diego Area Ports
San Diego
Oceanside
Other San Diego County Ports
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Species or assemblage

Seasonal movement

Ontogenetic

Nomatic movement

Nearshore rockfish (olive,
copper, quillback, kelp, blue,
black)

small scale movement
suspected for some
species!23

Some small-scale movement
suggested 22

Low for most species, greater
movement in black rockfish
4,5,6,7,8

Semi-pelagic shelf rockfish
(yellowtail, widow, bocaccio)

small scale movement
suspected for some
species! 67

Some movement of juveniles
to deeper or offshore habitat
with age 27

Less than 10 km for most
mature adults, small numbers
of yellowtail moved 50-250
Km 1.9.10, 11

Shelf and slope rockfish
(canary, Pacific ocean perch,
darkblotched, greenspotted)

none known or suspected

movement to deeper habitat
with age for many species
(canary, darkblotched) 12.13.14

Thought to be highly limited
(1-5 km) for most species 11.12

Thornyheads (shortspine and
longspine)

none known or suspected

juvenile shortspine move
deeper with age, no
movement for longspine 1516

thought to be highly
sedentary, may be some
movement on the order of 50
km 17

Lingcod bathymetric movement uncertain Movements of up to 400 km
patterns related to spawning for a small fraction of tagging
activity (~10 to 50 km) 1&.19. 20 study recoveries 1819, 20,21

California Scorpionfish form large seasonal spawning uncertain Dispersed and mobile in non-

aggregations in deep water -
22

spawning season .22

Sablefish

poorly understood

Movement to deeper water
with age

Movement of up to 250 km
common (~35% recoveries),
with ~10% up to 1000 km 24

25,26

Dover sole, English sole,
Petrale sole

Bathymetric movement
shallow in summer (spawning
for Dover, Petrale), deep in
winter (spawning for English)
27,28, 29,30

Dover, English sole disperse
to deeper water with age

Most recoveries within 10-
50km of release. 10 to 20%
were 50-200 km. Strong
spawning site fidelity for
Petrale 27. 28,29, 30

1 Love (1981), 2 Love et al. (2002), 3 Matthews (1990), 4 Coombs (1979), 5 Culver (1987), 6 Matthews and Barker (1983), 7
Hartmann (1987), 8 Eisenhart (2003), 9 Pearcy (1992), 10 Stanley et al. (1994), 11 Starr et al. (2002), 12 Gunderson (1997), 13

Methot and Stewart (2005), 14 Rogers (2005), 15 Wakefield (1990), 16 Jacobson and Vetter (1996), 17 Gaichas and lanelli (2005),
18 Matthews and LaRiviere (1987), 19 Jagielo (1990), 20 Jagielo (1999), 21 Starr et al. (2004), 22 Love et al. (1987), 23 Methot et
al. (1999), 24 Dark (1983), 25 Beamish and McFarlane (1983), 26 Kimura et al. (1998), 27 Ketchen and Forrester (1966), 28 Jow
(1969), 29 Pederson (1975), 30 Westrheim et al. (1992)

Table 2.1. Summary of known or suspected movement patterns for key
groundfish speciesin the California Current system (reproduced from Field et
al. 2006b).
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Figure 2.6. Difference in Northern California Current circulation between cold
and warm climate regimes (adapted from Peterson et al. 2006).



Figure 2.7. Major demersal habitats; bay/ estuary (BE), surf zone (&), coastal
pelagic (CP), pelagic (PEL), rocky intertidal (RIT), rocky subtidal (RST), kelp
bed rock reef (KBRF), mid-depth rock reef (MDRF), deep rock reef (DRF), deep
bank (DBNK), inner shelf (19, middle shelf (MS, outer shelf (OY), shallow slope
(SI.P), deep slope (DI_P) (from Allen et al. 2006).



Figure 2.8. Four scenarios for meta population structure (from Gunderson and
Vetter 2006).
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copper rockfish (from Gunderson and Vetter 2006).
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Figure 2.10. Latitudinal recruitment variation of (a) chilipepper, (b) widow and
(c) yellowtail rockfish (from Field and Ralston 2004).
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Impact of the 1980 (green) and 1984 (orange) year classes on the
total estimated standing biomass of Pacific Hake

millions metric tons
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Figure 2.12. Pacific hake biomass trajectory with contributions of two strong
year classes (Field and Francis 2006).
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Blanco (from Williams and Ralston 2002).
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% overlap* of Port Group Harvest Areas

Port Group (abbr.); / Port Group; PS|NW|SW|AS|TL|NP|CB|BK|CC|EK|FB|BB|SF|MT|MB|SB|LA|SD

Puget Sound (PS) - |21

N. Washington (NW) 13] - 3| 3

SW. Washington (SW) 5| -]166| 2| 15

Astoria (AS) 1] 17 - 4| 25| 1

Tillamook (TL) 4|1 29| - | 38

Newport (NP) 6 38] 9] -] 33] 2

Coos Bay (CB) 2 26 -]136| 2| 1

Brookings (BK) 21 57] - | 23| 14

Crescent City (CC) 5|1 31| - | 58

Eureka (EK) 1] 14| 46| - 9

Fort Bragg (FB) 11 -] 11

Bodega Bay (BB) 12 -|137] 2

San Francisco (SF) 34| -] 35
Monterey (MT) 5 -

Morro Bay (MB) - 9

Santa Barbara (SB) 13| -] 10

Los Angeles (LA) 13 9

San Diego (SD) 12

* % overlap = % of Port Group; harvest area grid cells occupied by Port Group; harvest area grid cells

Table 3.1. Percent Overlap of Harvest Areas of Each Landing Port Group for the
West Coast Commercial Groundfish Fleet, 2000. Overlap defined as %of Port
Group, harvest area grid cells (see Figure 3.3) occupied by Port Group, harvest
area grid cells. Red font indicates values >25% Source: derived from Figure
3.3, which are adapted from Ecotrust 20083.
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Figure 3.5. Landed rockfish catch (A & B; metric tons) and ex-vessel revenue
(C & D; $1000s) by port and species groups for 1995 and 2006 trawl (limited-
entry (LE) and tribal) and non-trawl! (LE fixed gear and open access) sectors.
Solid bars are proportion of port group total, outlined bars are nominal values
(metric tons or $1000s) by port group. Major biogeographic boundaries (Cape
Blanco, Cape Mendocino, Point Conception) included for reference. Source:
PSVIFC 2007, Port Group Reports 010W, 010Wtwl, 020W, 020Wtwil.
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Figure 3.5. (cont.)



A) LE Trawl B) LE Fixed Gear C) Open Access

total: 176 fotal: 222 fotal: 1,288
Puget Sound

*
WA Coast
Astoria-Tillamook

0,
Portland Area s
Newport _
Coos Bay

Cape Blanco

Brookings _
Crescent City 14%
Eureka
Cape Mendocino
Fort Bragg

Bodega Bay

San Francisco 19%
Monterey
Morro Bay
Santa Barbara ._
Los Angeles

Point Conception

San Diego 4%
Other & The Nature Conservancy .

0 50 0 50 0O 50 100 150
# permits (2007) # vessels (2001)

xx% = percent of total for region
* whiting at-sea catcher processors and motherships - not included in total

Figure 3.6. Participation in commercial groundfish fishery by port group for: A)
Limited-entry (LE) trawl and B) LE fixed gear 2007 permit holders, and C) Open
Access 2001 vessels. Major biogeographic boundaries (Cape Blanco, Cape
Mendocino, Point Conception) included for reference. Percent of sector specific
region (e.g., Cape Blanco to Cape Mendocino) total shown in red. Sources: A)
and B) NMFS 2007; C) PFMC 2004, Table 8-4.
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Figure 3.7. Percent change from 2003 to 2004 in number of trawl vessels
landing non-whiting groundfish. Limited-entry trawl buyback program
completed in 2003. Nominal vessel counts for 2003 and 2004 shown in grey next
to port group name. Major biogeographic boundaries (Cape Blanco, Cape
Mendocino, Point Conception) included for reference. Source: adapted from
PFMC and NMFS 2006, Table 7-10.
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Figure 3.8. Directed open access fleet metrics for Washington (WA), Oregon
(OR), and California (CA) for years 2000, 2003, and 2006. A) landings (metric
tons) and B) ex-vessel revenue ($millions) by species group, C) count of vessels,
and D) percent of total open access fleet. Percent of total for year by state
shown in orange. Source: CDFG 2007, Table 6.
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Figure 3.9. Tribal sector landings (at-sea and shoreside) of West Coast
groundfish by species group, 1995-2005. Source: adapted from PFMC and NFMS
2006, Table 7-33.
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Figure 3.10. Trawl and Non-trawl A) landed non-whiting groundfish catch
(metric tons) and B) ex-vessel revenue ($1000s); 1985, 1995, 2005. Source:
PSVIFC 2007.
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Figure 3.11. Recreational sector total groundfish mortality (estimated metric
tons of retained plus observed discarded dead; ocean and estuary) by subregion
(Washington, Oregon, N. California, S California), 1995, 2005. N. and S
California split occurs at 34°27' N. latitude. Source: adapted from PFMC 2007,
Table 4.
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Figure 3.12. Estimate of number of recreational groundfish trips (charter and
private) by region, 2004 and 2005. Source: adapted from PFMC and NFMS 2006,
Table 7-41.
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Figure 6.1. EFH area closures to protect Pacific Coast groundfish habitat —
Coastwide. Source: NMFS 2008.



