University of California, Santa Barbara

Balancing Conservation and

Commercial Fishing:

Methods of Incorporating
Socioeconomic Impacts in the Design
of MPAs in California

A Group Project submitted in partial satisfactidrire
requirements for the degree of Master’s in Envirental
Science and Management

Meghan Sullivan
G. Jessica Spence
Emily Frost
Cheryl Chen
Jim Anderson
Faculty Advisor: Bruce Kendall

March 2008



Balancing Conservation and Commercial Fishing:
Methods of Incorporating Socioeconomic Impactshim Design
of MPAs in California

As authors of this Group Project report, we areugréo archive it on the Bren
School’s website such that the results of our meseare available for all to read. Our
signatures on the document signify our joint resgahty to fulfill the archiving
standards set by the Donald Bren School of Enviemtal Science & Management.

Meghan Sullivan Jessica Spence

Emily Frost Cheryl Chen

Jim Anderson

The mission of the Donald Bren School of EnvirontakScience & Management is
to produce professionals with unrivaled training environmental science and
management who will devote their unique skills te tdiagnosis, assessment,
mitigation, prevention, and remedy of the environtaé problems of today and the
future. A guiding principle of the school is thdtet analysis of environmental
problems requires quantitative training in morentibae discipline and an awareness
of the physical, biological, social, political, amgdonomic consequences that arrive
from scientific or technological decisions.

The Group Project is required of all students ie taster's of Environmental

Science and Management (MESM) program. It is aetiguarter activity in which

small groups of students conduct focused, inteyglisary research on the scientific,
management, and policy dimensions of a specifiarenmental issue. This Final
Group Project Report is authored by the above MESiNbents and has been
reviewed and approved by:

Bruce Kendall, Faculty Advisor

Ernst von Weizsacker, Dean

March 2008



Acknowledgments

We would like to thank Bruce Kendall, our faculiyvasor at the Donald Bren School
of Environmental Science and Management. Dr. Kiknkdas provided untold
guidance and support throughout the group projemtgss. We would also like to
thank our clients, Ecotrust and the Partnershigrfardisciplinary Studies of Coastal
Oceans (PISCO). Our client representatives, Saiiemé, Astrid Scholz, and
Charles Steinback provided valuable financial, mézdd, and conceptual support in
addition to lending their expertise. Additionaattks to the members of our external
advisory committee, including Steve Gaines, Chast€llo, Sean Hastings, and Will
McClintock, for providing insight and valuable fdetk. We would also like to
acknowledge Doug Fischer for providing technicghmart and expertise which we
would have been lost without, John Ugoretz andGhé&fornia Department of Fish
and Game for allowing us to participate and be Iwvew with the MLPA Initiative
process, and Mary Gleason and the MLPA Initiatita#f Sor presenting our work to
regional stakeholders during their marine proteet®a placement deliberations.



Abstract

How can planners incorporate and address the smnoenic concerns of
commercial fishermen when designing marine proteateas (MPAs)? We
investigated this question for the California Marinfe Protection Act (MLPA)
which mandates the establishment of a statewideanktof MPAs within state
waters. Our project focused on the North Centrastoegion to assist and inform
stakeholder decision-making when designing propah networks. Using the
spatial optimization tool MARXAN, we identified as within the study region that
possess high conservation value, yet low sociognanealue to commercial
fisheries. These maps were used by the MLPA InBatnd regional stakeholders to
identify and investigate areas for potential inmasn proposed MPA networks.
Additionally, in order to estimate the impacts obposed MPA networks upon
commercial fishermen, we determined the changssirefmen density within the
study region’s top five fisheries. We also formatha model which estimates the
socioeconomic impacts of a proposed MPA networkragsg displaced fishing
effort can be relocated into other areas. Theds toal analyses fill critical gaps in
knowledge, helping stakeholders design MPA netwdrlks minimize socioeconomic
impacts to commercial fishermen.
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Chapter 1: Executive Summary

Introduction

As a result of the widespread decline of econoryigadportant fish stocks and
corresponding changes in overall ecosystem streictine state of California enacted
the Marine Life Protection Act (MLPA) in 1999. Thet directed the state of
California to design and manage a network of mgpna¢ected areas (MPAS) with
the stated objectives of “protecting marine lifel drabitats, ecosystems, and natural
heritage, as well as [improving] recreational, edional, and study opportunities
provided by marine ecosystems” (California Departthed Fish and Game, Marine
Region 2007). In 2004, an Initiative supportedpbyate and public funding was
formed to implement the Act through a series ofaeal processes. The pilot
process was conducted in the central coast regigeiching from Point Conception
to Point Arena. This first effort was completeddpril of 2007, and the focus has
now shifted to the north central coast region (NGRjending from Point Arena to
Pigeon Point.

Objectives

Upon completion of the central coast process, s¢veports summarized the lessons
learned, strengths and deficiencies, and knowlgdgs of the MPA network

planning process. The objective of this Group &sboyvas to fill some of these
knowledge gaps and provide the MLPA Initiative witformation and analyses to
improve the MPA network recommendations, especiaith regard to
socioeconomic impacts. Specifically, how can p&srevaluate and address the
socioeconomic concerns of commercial fishermenduthe MPA design process?

To answer our research question, we addressedltbeihg issues:

o0 Which areas within the study region have high coreg®n value, yet low
socioeconomic importance to commercial fisheries?

o How will displacement of fisherman from a MPA netwaffect the density
of fishermen in remaining open areas?

o0 How do the estimated socioeconomic impacts obagsed MPA network
change when fishermen are displaced into othealfighareas?

In response to lessons learned in the central ceg&tn, we developed several
methods to better integrate the actual impacts BAKon fishermen into the design
process. This was achieved through the use akterve-design tool Marxan, as
well as through the development of methodologiesstomate the cost to fishermen
and the displacement of fishing effort resultingnfrthe implementation of MPAs.

M ethods

Several of the retrospective reports about ther@e@bast MLPA process identified
the problem of a lack of timely consideration ofis@conomic factors in the MPA




network design process. We addressed this gapghra multi-criteria analysis of
the importance to potential MPA networks of halfanie planning units in the north
central coast study region using the decision sagpol Marxan. We created maps
displaying the conservation value of the planningsy first striving to meet an array
of conservation targets using the smallest possitda, and second, endeavoring to
meet the conservation targets at a minimum estohmaist to commercial fisheries.
Conservation priorities were defined by the regiguals and objectives of the
MLPA process developed by the North Central Coagfiéhal Stakeholder Group
(NCCRSG). Data estimating the cost of MPAs to carual fisheries was collected
by our client, Ecotrust, through interviews witetfermen. In our analysis, we
prioritized the conservation of representative tedbiin the region, while minimizing
socioeconomic impacts on fishermen.

Additionally, we estimated the current average dgmd fishermen per planning unit
for five different fisheries (Dungeness crab, satiualibut, red urchin, and rockfish)
by dividing the number of fishermen in the fishegythe total number of planning
units that are utilized by the industry (only plamunits containing greater than
0.01% of the total value of the fishery were coasgéd utilized). To evaluate the
potential changes in average density of fishermentd displacement from MPAs,
we used four actual MPA network proposals develdpethe North Central Coast
Regional Stakeholder Group (NCCRSG). We assunsdcdhthfished planning units
within the MPAs were used at an average density tlaat the displaced fishermen
would distribute themselves evenly across the remgifishable planning units.

This analysis gives an indication of how fisherndensity per fishable planning unit
for each of five important north central coast éshs will change with the
implementation of stakeholder MPA network proposAtiditionally, this technique
provides a systematic methodology for comparingpidl socioeconomic impacts
across a portfolio of proposed MPA networks.

Our Marxan analysis conforms to previous modelipgraaches by assuming that
fishermen displaced by an MPA are essentially resddvom the fishery (Leeworthy
and Wiley 2002). In reality, however, most fishemdo not simply disappear; some
may transfer their effort into nearby open areasulting in a redistribution of the
value associated with each planning unit. We gdadra model to estimate the cost
of an MPA network when fishermen displacement bairas incorporated; to our
knowledge, this has never been done as part ofRA panning process.

We made several simplifying assumptions, commattmomic models: fishing is
performed optimally and efficiently, so that “aethargin” all fished planning units
are equally valuable to fishermen; there are dishiimg returns with increased effort
in a planning unit; and a large number of plannings remain outside the MPA
network into which effort may be displaced. Witlese assumptions the model can
be used to estimate the fishery value that cart@vered from displaced effort from



the closed areas, resulting in a more realistionagé of the cost associated with
closing an area to fishing.

We estimated the cost to the Dungeness crab figkenjting from two of the actual
MPA network proposals developed by the NCCRSG. udésl Proposals 2 and 4, as
they represent the largest and smallest propo3dis.results of the model are
dependent on estimates of total effort in the figlzad the marginal value of a fished
planning unit, both of which are uncertain givea #vailable data for the region.

Our report provides detailed recommendations regauthe types of data that would
be necessary for this analysis to be more accurate.

Results

Our first research objective was addressed prigndribugh the products of our
Marxan analyses - maps displaying the sum of 1gB-Bcoring conservation options
for the north central coast region. These mapstifyeplanning units that were
selected repeatedly by the planning tool, Marxarsatisfy conservation targets.
Marxan’s selections were driven largely by arealatfitat rarity and diversity, as
well as by areas of lesser importance to commefisiatrmen. The areas selected
repeatedly by the planning tool represent locatmiigh conservation value and
therefore warrant consideration for inclusion ineawork of MPAs.

As expected, we found average fisherman densitplg@ning unit increased for
each of five fisheries, if we assumed that MPAsenerplemented using each of the
four stakeholder proposals. The average dengstease ranged from 5% for the
Dungeness crab fishery in Proposal 2, to 58% fer¢d urchin fishery for Proposal
3. However these estimates of increased fisheroagestion do not reveal how an
individual fishermen’s catch might change. In fetwork, these estimates of how
MPAs may affect fisherman density per planning eait be improved with more
specific spatial information on where fishermetnfis

Lastly, we provided a detailed methodology to eatarthe socioeconomic impacts of
a proposed MPA network when fishermen are displaaedother fishable areas. We
applied this model to the crab fishery assumingémentation of Regional
Stakeholder Proposals 2 and 4. The total valueeoDungeness crab fishery is
$9,993,386 (MLPA Initiative 2007). We found thaetinclusion of all planning units
in Proposal 4 removes approximately $1,305,000th\tYie application of our model,
and the incorporation of fisherman displacemerdpBsal 4 only removes $724,000
from the total value of the crab fishery. Therefapproximately 45% of the of the
value within the MPAs can be recovered as a regdishermen displacement. We
also provided recommendations for collecting tiaetof data in future regions.

Conclusions

The design and implementation of MPAs in Califorsiiate waters under the MLPA
is a groundbreaking process, with contributiongnfsiakeholders and scientists,



considering the many impacts that MPAs can havmarine resources and related
industries. Our project used and developed seddfatent methods of including
potential benefits and impacts of MPAs in theiriges

The results from our Marxan analyses show thaethez many possible ways of
using this tool to aid in the process of planninBAgé. Many good solutions to
problem of where to locate MPAs can be generatéddarxan and summarized in a
map that identifies areas that are included in n@drifge solutions. The benefit of
using summary maps is that summaries do not shewifspMPA boundaries,
allowing users to develop their own MPA designshvifite Marxan output, other
available information and their own knowledge af tiegion. Our suite of summary
maps were presented and delivered to the Northr&@lébbast Stakeholder Group
during their December 2007 meeting. Several stalkleins requested our materials
for review and we received useful feedback.

To evaluate the potential costs of proposed MPAshermen, we developed a
model that quantifies the fishing effort that idisgributed after MPAs are
established. This model will be useful in futuppkcations as an additional method
to evaluate the socioeconomic impacts of proposBé Metworks. There are several
limitations to the application of the model. Ndialthe data required for an accurate
estimation are not frequently available. HoweWmtrust has agreed to collect the
necessary data within the next region of the MLR#idtive process. With these
data, the model we developed will provide a bettimate of potential costs of
closing particular areas and it could also be ipowated directly into future Marxan
analyses as the method of calculating the coskinde

Further, our methodology for comparing area avéelétr the fishery before and
after the implementation of an MPA proposal prosidesystematic methodology for
comparing potential socioeconomic impacts of afpbotof proposed MPA
networks. Future applications of this methodologyld be improved upon by
incorporating more data on the actual number bkfisien and the effort expended
within each planning unit. If these data were ¢, a better estimate of
displacement would be possible through the deasiatysis and the redistributed
costs analysis.. Our estimates of increased avéistggrman density could also be
advanced if the realities of displacement wereudetl. We could also include
assumptions incorporating the natural limitationglee ability of fishermen to move,
such as the fuel capacity of fishing boats, digtasfdishing grounds from the
fishermen’s home port, and various patterns froom geort.

Our project used and developed a variety of metifmdsetter incorporating
socioeconomic information into a MPA planning preeeOur work shows that the
goals of conservationists and fishermen are netamcilable, and that the interests of
both can be satisfied in the design of an MPA neétwOur work also provides
guantitative methods of comparison between MPA @safs allowing final selection



committees, like the MLPA'’s Blue Ribbon Task Fortejustify decisions. With
these new methods of integrating socioeconomicearmsg fishermen,
conservationists, planners and other stakehol@arsneprove the decision making
process through increased knowledge of the possitgacts of network placement.
Our work advocates socially responsible conseragilanning that recognizes
human activity as an integral component of our Ed&cosystem.



Chapter 2: Introduction

Background

Over twenty-five percent of the world’s fisherigge &nown to be overexploited

(FAO 2006). Inthe U.S. about twenty percent shéries are overexploited and the
status of thirty percent of fisheries is unknowA@-2006). Declines are evident in
entire communities across many ecosystem typesr@vared Worm 2003). This
failure to maintain sustainable fisheries can lebatted to many factors, including
increasing harvest rates, pressure from fishingnoonities on management councils,
and mismanagement (Botsford, Castilla and Petet98ii; Pauly et al. 2002). Most
policy attempts to correct these problems have bre#re form of single-species
management tools, created on a case-by-case lyasisltiple agencies, with often
conflicting and overlapping jurisdictions (CiciniBand Knecht 2000).

The widespread decline of economically importast Btocks also have led to
changes in overall ecosystem structure. Lossmetievariability in target species,
incidental kill of non-target species (by-catchgphat destruction from fishing gear
(trawl nets), and changes in species interactiodgt@phic cascades can lead to
drastic alterations in the overall ecosystem (Dagbal. 1995). As a result, various
ongoing efforts, including the Pew Oceans Commis§2®03) and the United States
Commission on Ocean Policy (2004) are calling fpohkcy shift towards broad
ecosystem-based management.

According to a Scientific Consensus Statement oniride&Ecosystem-Based
Management:

“Ecosystem-based management is an integrated agfptoananagement
that considers the entire ecosystem, including msm& he goal of
ecosystem-based management is to maintain an ¢éewsisa healthy,
productive and resilient condition so that it caovide the services
humans want and need. Ecosystem-based manageiffenst fdom
current approaches that usually focus on a sirggeiss, sector, activity
or concern; it considers the cumulative impactdifiérent sectors.

Specifically, ecosystem-based management:

* Emphasizes the protection of ecosystem structunetibning and
key processes;

» Is place-based in focusing on a specific ecosystedithe range of
activities affecting it;

* Explicitly accounts for the interconnectedness migystems,
recognizing the importance of interactions betwewmy target
species or key services and other non-target specie



« Acknowledges interconnectedness among systems asugoitween
air, land and sea; and

* Integrates ecological, social, economic, and instihal
perspectives, recognizing their strong interdepeoéeg.”
(McLeod et al. 2005)

Marine Protected Areas

Marine protected areas (MPAS) are key tools forl@menting ecosystem-based
management. The National Research Council (208fines MPAs as areas of the
ocean designated for special protection designedhance the resources within
them. However, MPAs often have varying degregzrofection and multiple
classification schemes that permit or prohibitelént activities. The benefits and
shortcomings depend on the specific restrictionthe@MPA. Much of the literature
on MPAs focuses on “no-take” MPAs, also called mareserves, which prohibit all
extractive activities.

There has been extensive academic discourse di@atological and socioeconomic
benefits and limitations of marine reserves. Galhgrpotential benefits of marine
reserves include enhanced population and indivisizals, higher reproductive
potential, maintenance of species diversity, pregem of habitat and of ecosystem
function, and the potential support of fisherietigh larval export, spillover, and
precautionary management (Bergen and Carr 2003)on&ensus statement on the
science of marine reserves was signed by 160 stent 2001. The statement
asserts the following ecological effects of mariegerves:

“Ecological effectswithin reserve boundaries:

1. Reserves result in long-lasting and often rapidaases in the
abundance, diversity and productivity of marineasigms.

2. These changes are due to decreased mortality,asdectdabitat
destruction and to indirect ecosystem effects.

3. Reserves reduce the probability of extinction farime species
resident within them.

4. Increased reserve size results in increased bgniedit even small
reserves have positive effects.

5. Full protection (which usually requires adequatiexement and
public involvement) is critical to achieve thislftinge of benefits.
Marine protected areas do not provide the samefileas marine
reserves.

Ecological effect®utsidereserve boundaries:

1. In the few studies that have examined spillovezctff, the size and
abundance of exploited species increase in argasesd to reserves.

2. There is increasing evidence that reserves repigrapulations
regionally via larval export.

Ecological effects of reserveetworks



1. There is interesting evidence that a network oémess buffers against
the vagaries of environmental variability and pd®ss significantly
greater protection for marine communities thamaglsireserve.

2. An effective network needs to span large geogragisiances and
encompass a substantial area to protect agairesticgihes and
provide a stable platform for the long-term pegsise of marine
communities.”

(National Center for Ecological Analysis and Sysiee2001)

Marine reserves maintain large individuals in ayapon allowing for the
continuance of the basic age/size structure tleates the stability and the ability to
respond to varying disturbances. Fishing presgenerally removes the larger, and
hence oldér individuals of a population and frequently resiift a decline in the
average size of individuals (Pauly et al. 1998gc&use larger females produce a
disproportionately greater number of larvae, remgthese larger females indirectly
inhibits the overall population size by reducing/é production (Gunderson,
Callahan and Goiney 1980; Hislop 1988).

While the benefits to species, communities, andystems within reserves can be
demonstrated with surveys, the effects of reseowesurrounding areas are not easily
measured. Modeling studies indicate likely conttidns of reserves to surrounding
areas through spillover of adult fish and inveréebs and export of larvae. Spillover
is the concept that adult species within the reseml move out of the reserve, where
they may be caught by fishermen (McClanahan andgM2000; Rowley 1994).
Export is the movement of larvae born in the resemto surrounding waters where
they may settle and grow, contributing to populagioutside of reserves.
Theoretically, fisheries could be maintained inlibreg run from replenishment of
adult, juvenile and larval fish and invertebrates/ing from reserves to surrounding
regions. Movement tends to occur along continywaterred habitat types leading to
the hypothesis that animals would move in and dueserves if continuous preferred
habitat crosses the reserve boundaries (Carr aed F893). Anecdotal evidence for
spillover includes concentrated fishing effortsrgjahe boundaries of existing
reserves, also known as “fishing the line” (Rob2061).

Commercial and recreational fishermen may be agmste of the establishment of
MPAs, which close areas to fishing, and therefoag ©concentrate fishing effort into
smaller areas. Fishermen have argued that theentmation of fishing into smaller
regions will lead to more rapid depletion of fishistocks in open areas. In addition,
fishermen have been concerned that reserves magooemically detrimental if the
process of establishing reserves does not constinient fishery knowledge and
economics. MPAs can result in decreased landimg®¢€al recreational and

! Age is difficult to determine in many fish speci&@ssize is used as a proxy (Hislop
1988).



commercial fishermen (Sanchirico and Wilen 200hdhc et al. 2003). Most of these
effects are felt initially by local fishermen andHery-related businesses and these
effects may diminish over time as fishermen adjoshe new regulations (Scholz et
al. 2003) and ecological changes occur.

Management, enforcement, and monitoring of MPAseapensive, yet necessary for
effectiveness. Enforcement may become more efticeer time, as fishermen learn
the locations of MPAs and if benefits become appa@the community (NRC
2001). Yet, the costs for enforcement are in agidito the cost of enforcing fishing
regulations and the initial economic loss to figsg®€ (NRC 2001). The costs of
enforcing MPAs grow with distance from the mainlaagbort or a monitoring

station, and with increasing numbers of reservdsG001).

MPAs can have positive influences on the econongy/ refgion. Positive influences
include the potential for increased tourism, amease in the area’s existence value,
and the economic increase of non-consumptive usening to the area as visitors
(Sanchirico and Wilen 2001; Scholz et al. 2003MRAs lead to increases in marine
biodiversity and abundance, tourism and recreatisn may increase in the forms of
boating, scuba-diving, bird and whale watching atieer ocean recreation (NRC
2001). The visual aesthetics that attract usetise@cean may increase in MPAs,
along with the value that some people place orktiosviedge that a thriving,
sustainable and protected area exists in the r¢jiRC 2001).

Using science to increase the efficiency of MPAigiesequires consideration of
varying habitat types and quality, target spediéshistories and dispersal
characteristics, and the intensity of exploita@waund MPAS, as well as
considerations for design such as the size andrgpat MPAs, and boundary
porosity, among other variables (Roberts 2000)then, networks of interacting
reserves help to protect a broad range of key &islaind species, and a network
reduces the uncertainty in the ecological proce&eh as El Nifio) and management
policies (such as fishery regulations) that affeetecological and socioeconomic
impacts of reserves (Roberts 2000).

Previous Attempts to Quantify Socioeconomic Impacts

The extent to which socioeconomic impacts of MPAgehbeen observed or
guantified has varied with different processesdsigh MPAs, but there is a strong
consensus that socioeconomic impacts of MPAs havbaen properly dealt with at
an early enough time (Agardy et 2003; Scholz et aR003). When the social,
cultural and economic impacts of MPAs are not askhd, the process to establish
MPAs can be met with hostility and a lack of cormsen(Badalamenti et.£2000).
This can divide people supporting MPAs for theinservation benefits and people
who are skeptical of their usefulness to eitherctbrmmunity or ecosystem.
Fishermen, who usually dominate this second caye@ayardy et al2003), are



extremely keen to learn if any increase in fishratance from MPAs will be enough
to offset the lost revenues (Sanchirico and Wilea13.

A well-designed MPA maximizes ecological and fishleenefits while minimizing
negative socioeconomic and cultural impacts (Gued@5). Several methods of
economic analysis have been used in attempts hadeclata on the socioeconomic
effects of MPAs. Some of these methods were utilthéring the Marine Life
Protection Act (MLPA) process of MPA implementatiorthe central coast of
California. The MLPA, a piece of California legiibn requiring the implementation
of a statewide network of marine protected areasduded the goal of using
knowledge from local fishermen to help guide thecess of planning MPA
locations. Complimentary studies used modelingasok to identify the most
economically efficient MPA locations (Scholz et 2003; Stewart and Possingham
2005; Chan et al.2006). It was recognized tharder to implement the MLPA in
the timeliest and least controversial manner, lsocaloeconomic impacts must be
considered during the implementation process terdehe where conservation goals
can be met with the minimum economic impact.

Some key recommendations from a number of “leskaraed” reports from central
California MLPA process of implementing marine gaied areas included the need
to explore and clarify the interactions between MRAd existing fisheries
management policies, and to consider the broadier @upotential socioeconomic
impacts from the MPAs eatrlier in the design prod8sTF 2006).

Although MLPA administrators commissioned a stuflg@mmmercial fishing in the
central coast region (Scholz, Steinbeck and Mer2&3$), the socioeconomic data
were unavailable to the stakeholders guiding theAMRcement decisions until late
in the process of designing MPA alternatives. Bieeaof confidentiality concerns,
only aggregated analyses of the data were madiahblaio stakeholders (Harty and
Dewitt 2006). Stakeholders could not easily inocogpe this coarse-grained
socioeconomic information when making decision®/A network design.
Feedback on socioeconomic impacts of proposed MBwark packages and
possible improvements to meet scientific guideliwese given only after stakeholder
proposals had been created, forcing stakeholderaminefficient design process
through trial and error (Raab 2006).

Although it is widely recognized that at least atjpm of fishing effort displaced by
MPAs will relocate into the remaining fishing grals) displacement of fishing effort
has not been incorporated into evaluations of pegdMPAs. One reason for this is
that the extent to which displacement occurs anddabnomic implications are
difficult to measure. Most past efforts to undanst the economic impact of MPAs
on fishermen assumed that all fishing activity witblosed areas disappears entirely,
and that fishermen do not adjust or adapt to MPR&. instance, a 2006 analysis of
the potential economic impacts of MPAs in the cantoast region of California
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assumed that establishment of a MPA completelyieéited fishing opportunities.
The analysis did not account for displaced fistaffgrt and thus represented a worst
case economic scenario (Scholz 2006).

Additionally, an analysis of the socioeconomic irggaof MPA alternatives for the
Channel Islands National Marine Sanctuary by Ledwoand Wiley (2002) did not
consider any factor that might mitigate the leviahgpact of a MPA network. All
fishing revenue associated with closed areas ig@sd to be lost. The authors
recognize that this maximum potential loss is ik@ly in reality, as humans are
“adaptive, resilient, and quite ingenious in resiong to changes” (Leeworthy and
Wiley 2002). If fishermen adapt to MPAs, they nigeyable to prevent or minimize
decreases in fishery landings and catch per uluttefHowever, displacement of
fishing effort may result in increased congestiad eeductions in harvest, damaging
the remaining fishing grounds. In this case, ster@ate of maximum potential loss
may be an underestimation of the true costs (Lewand Wiley 2002).

Finally, a study by the Australian Bureau of Ru8alences estimating the potential
social impacts of increasing the percentage of raliats Great Barrier Reef Marine
Park zoned “no take” from 5% to 30% assumed tisairig effort would be
completely removed from proposed no-take MPAs &atlfisherman would not
adapt to the changes by shifting their fishing effo other locations. The authors
state a clear preference for displaced fishermeart@in in the industry, and
comprehensively described factors predicting thktybf fishermen to adapt to
displacement by MPAs. However the extent to whidse factors influenced
fishermen’s economic realities was deemed too cexnfar the scope of the study.
Factors affecting the economic impacts on displdisb@&rmen included the
adaptability of their fishing gear to be used ihestfisheries, the degree of
localization of their fishing effort, and familysiience, encompassing factors such
as income, education, and family structure (AustralGovernment BRS 2003).

Some studies predict displaced fishermen may expegithe same catch per unit
effort in new fishing grounds (Milon 2000). Meanieh others estimate the worst
case scenario of maximum potential impact and asgshemcomplete exclusion of
displaced fishermen (Australian Government BRS 2@an et al. 2006; Leeworthy
and Wiley 2002). Despite these hypothetical exé®gnour literature review found no
attempts to quantitatively estimate the extentigfpldcement and relocation of
fishermen after MPAs were established.

Use of Marxan in Marine Protection Area Planning Pcesses

Optimization software utilizing algorithms for rege siting has a short history of use
for designing MPA networks in California. The swdire SITES v.1 was used to
explore complex data and design MPAs for the CaliboChannel Islands National
Marine Sanctuary, by identifying suites of potehteserves meeting minimum
criteria for size, habitat representation, and eatimity, while minimizing total
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reserve network area (Airamé et2003). SITES v.1 was able to identify multiple
satisfactory solutions, permitting the planningttesome flexibility when
incorporating socioeconomic considerations (Airanal. 2003).

Chan et al(2006) used the decision support tool Marxan ttegate planning
scenarios for MPAs in the central coast of Califathat minimized cost while
meeting conservation goals. Marxan was chosenuBeaaf its unique ability to
provide multiple solutions meeting the objectivesd &s capacity to handle large data
matrices (Chan et al. 2006). A suite of differeolutions met biodiversity
conservation requirements while minimizing recre@al and/or commercial
consumptive loses as measured by fishing effora(G#t al. 2006). Chan et al
(2006) also incorporated data on selected non-ecopBue activities to evaluate
potential benefits and impacts of MPAs on thosevidiets or interests. Chan et al
(2006) demonstrated that Marxan was capable ofgdeg) MPA networks that met
all biodiversity goals of the stakeholder and stifenadvisory groups and therefore
could be considered as part of the MPA design gacdhe Marxan analysis was
introducedpost hoao the design process for the central coast, ptinization
decision-support tools will likely be directly inintial in future MPA planning in
other regions of California.

Marine Life Protection Act History

Motivated by the widespread decline of economiciafigortant fish stocks and
corresponding changes in overall ecosystem streiciurl 999 the California state
legislature enacted the Marine Life Protection @dt.PA). The Act directed the
state of California to design and manage a netwbMPAs with the stated
objectives of “protecting marine life and habitaspsystems, and natural heritage, as
well as [improving] recreational, educational, atady opportunities provided by
marine ecosystems” (California Department of Fisth @ame, Marine Region 2007).
The Marine Life Protection Act Initiative (Initiate) was formed in 2004 and is a
public/private partnership comprised of the CahfarResources Agency, the
California Department of Fish and Game, the Ressutegacy Fund Foundation,
and others, guided by the advice of scientist§ue® managers, experts,
stakeholders, and members of the public.

California was divided into five regions in whidhet Act would be separately
implemented, in order to make the task more traetabhe pilot process took place
in the central coast of California, stretching fréigeon Point to Point Conception.
Several administrative, scientific, and decisiorkmg bodies were formed to enact
this legislation, including the Blue Ribbon Taskée& the Science Advisory Team,
and a Regional Stakeholder Group.

The Blue Ribbon Task Force (BRTF) included five @pped members whose role
was to oversee the regional project to developratere MPA packages in the
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region, to make policy and process judgments tolvesconflicts, to provide
direction for expenditure of Initiative funds, araddirect staff efforts.

The Science Advisory Team (SAT), composed of bilaigand social scientists and
economists, interpreted the goals and objectivéseoMLPA and developed
guantitative guidelines for MPA design. They ads@luated alternative MPA
networks designed by stakeholders. Where theablaikcience presented
uncertainty, the SAT deferred to the BRTF’s poligcisions.

A Regional Stakeholder Group (RSG) was formedterregion through a
nomination process. The RSG consisted of repraseas from the fishing
community and businesses, as well as recreationbbther users who brought
significant local knowledge to the process. Itifigdhe RSG developed regional
goals for MPAs and designed alternative proposalaorks of MPAs for their region,
using the scientific guidelines and data providedugh decision support tools.

This complex process of deciding on a network ofAdRor the central coast lasted
for two years. In April 2006, the BRTF presenterkee alternative MPA network
proposals, including a preferred alternative, ®Erepartment of Fish and Game
(Department). In June of the same year, the Deyeant added a fourth alternative,
consisting of a modified version of the BRTF’s reéd alternative. The changes by
the Department were made to (1) ensure MPA boueslarere simple, clear, and
easily enforceable, (2) consider key user grouph as existing kelp harvest leases
and shoreline fishing, and (3) improve recreatiapgdortunities in areas of minimal
human disturbance (California Department of Fisth @ame 2006).

Eventually, the Science Advisory Team providedporeof the estimated maximum
potential economic impacts of proposed MPA netwmakkages to the BRTF to aid
in the selection process (Wilen and Abbott 200&hally, on April 13, 2007, the
Fish and Game Commission unanimously voted to adgptlations to create a new
suite of MPAs, based on the BRTF’s preferred a#tve, launching the state’s
Marine Life Protection Act Program.

Goals and Objectives of Project

On April 13, 2007, the California Fish and Game @ussion adopted a suite of
marine protected areas (MPAS) for the central cob€alifornia. On September 21,
2007, the MPAs went into effect, completing thstfphase of the implementation of
the Marine Life Protection Act (MLPA) in CaliforniaThe central coast MPA
network was the result of an intensive two-yealatmrative, science-based
stakeholder process. Reports prepared by faoilgabbservers, and outside
consultants detailed the lessons learned durisgpilot effort and provided
recommendations for MPA planning in future regioitiese documents and the
recommendations of the Central Coast Blue Ribba@k Farce (BRTF) identified
gaps in knowledge that, if filled, could enhance BhLPA planning process.
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The MLPA Initiative, a public-private partnershipimplement the MLPA,
incorporates an adaptive planning process; eatitieo§tudy regions benefits from
the experiences of previous regions. The secoadebf the MLPA Initiative began
in March 2007 for California’s north central co@§CC), an area bounded in the
south by Pigeon Point in San Mateo County andemtbrth by Alder Creek in
Mendocino County. Several retrospective repodslteng from the central coast
process were concerned with the lack of adequatsideration of socioeconomic
factors in the MPA network design process. Thagamt is designed to address this
gap. Specifically, we answer the following reseagaestion: How can the
socioeconomic concerns of commercial fishermendmsidered during the MPA
design process? We focused on the impacts to cocrahfsshermen because we
were limited by available data; ideally, other tymé activities would be considered
as well.

This project uses multi-criteria analysis and t&erve design tool Marxan to
estimate the relative importance to potential MRAworks of different areas in the
north central coast study region. Conservatioarjiies are defined by the regional
goals and objectives of the MLPA process develdpethe North Central Coast
Regional Stakeholder Group (NCCRSG). Habitat databined with socioeconomic
values of commercial fisheries were utilized in Kaar analyses, resulting in reserve
system scenarios that conserve marine/coastalsbihile minimizing
socioeconomic impacts to commercial fisheries. $/ggnerated from the Marxan
analyses display the relative conservation valugadffminuté square planning units.

Additionally, we present a novel method to estintateredistribution of commercial
fishing effort displaced by MPAs, as well as dgstions of the data necessary to
complete this analysis. Previous modeling attertiitsconsidered economic costs of
MPAs to commercial fisheries assumed that fisherdisplaced by MPAs were
essentially removed from the fishery. In realibgst fishermen do not simply
disappear, but may transfer their effort into ngaspen areas or other fisheries. The
extent to which effort can be displaced has nohlwedculated for a MPA network
planning process.

Finally, we evaluated the potential displacemerftsbfermen from four MPA
network packages proposed by the North Central tR&& to determine the effects
on fishermen density per half-minute squared plaguinit for five fisheries.

To answer our research question, we addressedltbeihg issues. The results of
these analyses will provide useful decision-supfowis to the MLPA Initiative and
fill knowledge gaps identified during the Centraddst pilot process.

2 At the equator a half-minute is equivalent to df-hautical mile (0.57 miles or 924.5 meters).
However, due to the curvature of the earth, thgtleof a half-minute varies across the surfaceiand
actually less than a half-nautical mile in the studgion. The average size of planning units in the
study region is 548,000 square meters.
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o0 Which areas within the study region have high coreg®n value and low
socioeconomic importance to commercial fisheries?

o0 How do the estimated socioeconomic impacts of ageged MPA network
change when taking into account displacement befig effort into other
fishable areas?

o How will displacement of commercial fisherman, fésg from a proposed
MPA network, affect density of fishermen in the sning open areas?

Significance

California’s identity, vitality, heritage, and eammy are interwoven with its coastal
and marine resources. The creation of the MLPAalve is a clear
acknowledgement of the value of these assets @&wletbd to ensure their future
biological, economic, and social viability. The MA offers an exceptional
opportunity to develop effective MPAs based on sbsience that will have
profound effects on both California’s coastal resea and on the future application
of MPAs for ecosystem-based management.

This project contributes to the field of MPA desigpecifically the incorporation of
economic considerations in MPA planning proces$éaps and analyses generated
by this project inform a critical planning and myliprocess in California that will
impact the future condition of our coastal oceAnwell-designed MPA network that
effectively balances conservation and socioeconoméxls will set an example for
the future management of ocean and coastal resurce

The anticipated timeline for the North Central Gdagiative process is March 2007
through March 2008, perfectly coinciding with theeB Group Project cycle. We
were able to take advantage of the nascent statogptementing the MLPA

Initiative in the north central coast region, pding a unique opportunity to identify
and fill gaps in knowledge in support of an ongomngnagement and policy process
while applying lessons learned from the centraktoagion.

By addressing gaps in knowledge, this projectdiliee need for additional analysis
of probable economic impacts of potential MPAsieaigiested by state officials. In
this work, we present a model for estimating hashifig effort displaced by MPAs
might be redistributed among the remaining opdmris grounds, resulting in a more
accurate estimate of the economic impacts of a M@#vork. This project provides
an alternative rubric to challenge the current agsion of maximum potential loss,
in which all fishing effort displaced by a MPA issumed to disappear. Our timely
work provides unprecedented information for thetmoentral coast MLPA process
and other processes to establish MPAs in the future

This project involved the use of the decision-suppoftware and conservation
planning tool, Marxan (Ball, Possingham and Andeir8800). Marxan uses an
optimization algorithm that minimizes cost while etieg user-defined conservation
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targets. This decision-support tool was used@Channel Islands National Marine
Sanctuary planning process (Airame et al. 2003)vedkas retrospectively in the
central coast region (Chan et 2006). Marxan has become a well-accepted tool for
informing the design of MPAs. At the request & tiCCRSG, the Initiative staff
conducted Marxan analyses to refine stakeholder M&kage proposals. Our
Marxan work paralleled and complimented these aifieports. We used the tool to
identify areas of high conservation value and l@arn®mic impact on commercial
fisheries, following the regional goals and objees developed by the NCCRSG.
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Chapter 3: Marxan Methodology

Background

Marxan is a decision support tool developed byBah and Hugh Possingham to
assist in marine reserve system design (Ball asgiRgham 2001). Marxan can
contribute to a planning process by evaluating iberdity conservation objectives
and social, economic, and management interests@rsdraints. Our group used
Marxan to explore options for marine reserve nekveasigns in California’s north
central coast as a parallel analysis to Marine Bifetection Act (MLPA) Initiative’s
work. We used Marxan to identify areas that maytrdoute to the North Central
Coast Regional Stakeholder Group’s (NCCRSG) gaalsdnservation of marine
habitats and species while simultaneously mininggzaoonomic impacts to
commercial fishermen.

At the crux of this balance lies the need to mizigrthe area of the reserve system to
reduce impacts to existing users while still megtionservation goals. Marxan
responds to this challenge by finding the mostadfit reserve system meeting the
user-chosen conservation goals (in this case,ceptge of representative habitats
captured in reserves), while minimizing cost (iis ttase, potential impacts to
commercial fisheries and area or boundary lengthreserve system).

The Objective Function

At the core of Marxan is the objective function ¢&gquation 3.1), an optimizing
algorithm that controls the program’s functionsaridus parameters within the
objective function can be changed to achieve diffeconservation objectives. Each
reserve system generated by the tool is assignatlia or score, allowing the user to
compare reserve systems to determine the reldfieeeacy of differing network
designs. Inits simplest form, the objective fumttis a sum of the economic cost of
the reserve and a penalty for any unmet conservatiectives.

> Cost +BLM Y Boundary +y. CFPF X Penalty + Cost Threshold Penalty

Equation 3.1: Marxan’s Objective Functiot.Cost’ is the total cost of the reserve netwolk.
CFPF X Penalty’ is the penalty for not adequately reprging conservation feature&LM >
Boundary’ is the total reserve boundary length mplidtd by a modifier. The ‘cost threshold
penalty’ is an optional penalty applied for excegdia preset cost threshold. The lower the
numerical value of the objective function, the mte#icient” the solution is. Please refer to text
for a more comprehensive definition of the compaserf this function.

In broad terms, Marxan calculates, for each hypmthlereserve network, (a) the
extent to which the network fails to achieve thasarvation goals; (b) the
fragmentation of the network; and (c) the “cost’tleé planning units included in the
network (these are each defined more preciselyhel@he network is scored based
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on a weighted sum of these three quantities, wrholverall objective being to find a
network with as low a score as possible.

The objective function (Equation 3.1) consistsafrfcomponents.

The first component of the function, the Conseoratreature Penalty Factor (CFPF),
is a weighting factor that determines the relatmportance of meeting conservation
targets. The conservation goals of the reservearktare defined as a set of
“conservation features” to include in the netwach with a target amount. In the
present analysis, we specified target amountsgeifigd percentage) for each habitat
type to be captured in the network (see below). eagh conservation feature, a
penalty is assessed to the algorithm if the tasgebt achieved, proportional to the
shortfall from the target. The penalty for the enteserve networkequals the
weighted sum:

Equation 3.2 penalty=>  CFPF mE’;\x O,tarkgeEIijtikj
k i

wherety is the amount of conservation targen planning unit andl; is one if
planning uniti is included in network and zero otherwise. CFPF is the
“Conservation Feature Penalty Factor” and specifiegelative importance of each
conservation feature.

In essence, the CFPFs function as weightingsn¢eMarxan how important it is to
meet a certain conservation target when evaluatatgoffs between cost, boundary
length, and capturing conservation targets. To renalliconservation targets were
being met, the CFPF values were set just high éntugllow Marxan to meet the
conservation target, while avoiding an excessilaige penalty factor that would
have overpowered other cost considerations whexdnavas making tradeoffs.
When Marxan encountered a conservation featureamitiygh CFPF, the feature was
included in the reserve network even if the plagninit had a high cost associated
with it. To keep our analysis robust we calibratéarxan to determine the minimal
CFPF values that would instruct Marxan to meetatiservation targets.

The second term in the function is the boundargttemodifier (BLM), which is a
parameter controlling the importance of minimizangeserve system'’s boundary
length. There are many ways to quantify fragmeomatif a reserve network,

however, Marxan uses (for computational reasoresptundary length of the entire
network as a measure of fragmentation. If two oekw have the same total area, the
one with the longer boundary is more fragmenteid lags more individual reserves.
“Boundary” is the sum of the length of the perimmsteurrounding each individual
reserve in the reserve system.

The boundary length modifier (BLM) coefficient dite Marxan to cluster groups of
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selected planning units together rather than setpdisconnected planning units. A
low BLM will result in the selection of more numerxy smaller groupings, whereas a
larger BLM will force fewer, larger areas to beesgéd. Essentially, the BLM
controls the size of the individual reserves withireserve system. As with the CFPF
the BLM coefficient must also be calibrated becatiadjusts the importance of
compacting the reserve system (into fewer largegrees) over other considerations
such as ‘cost’ and meeting conservation targets.

The third component, called “cost”, is some measditbe cost associated with the
establishment of a reserve system. This could berms of reserve area, economic
costs, or opportunity cost. Marxan works to miraenthese when creating reserve
systems. For the purpose of our analyses, we hgegumber of planning units
included in the reserve (a measure of area), antcthst” that would be incurred by
commercial fishermen (in terms of relative impod@nshould the area be declared a
no-take marine reserve. Data used to estimatd™a@s collected by Ecotrust in the
form of “importance” (see The Cost Layer below &more detailed explanation).
The overall cost of reserve netwqris simply the sum of the costs of all the planning
units it includes:

Equation 3.3 cost= z 1,6

whereg; is the cost of planning uriandlj is one if planning unitis included in
networkj and zero otherwise.

The fourth component of the objective functionhs tost threshold penalty, which is
an optional penalty applied to the objective fumctior failing to meet various

criteria. These criteria may include a cap on ttwst” of the reserve system, and
conservation goals such as capturing a partic@ergmtage of representative habitats
within the study region.

Using this penalty may be useful in exploring rgsaretwork options under a strict
cost threshold (e.g. 10% “cost” to commercial fig)i If the cost threshold function
is not used, Marxan will simply minimize costs heat than capping costs at the
specified value. Another use of this aspect ofaijective function is to explore how
much habitat of different types can be capturedifspecified cost. By setting
conservation targets to 100% and applying a cosskiold, Marxan is able to explore
the maximum amount of habitat that could be capitiwe that price. Adittionally,
Marxan may select habitats that are difficult tptoae under a cost-minimization
scenario. This cost threshold penalty places divelanportance on meeting that cost
threshold. The magnitude of the penalty may berdeted by the Marxan user and
can be any number, usually a fraction or the whbkhe sum of the ‘costs’ within the
study region.
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These four aspects of the objective function comlbanyield a numerical score for
each Marxan solution. THewer the objective function’s numerical value, the more
efficient the reserve system is.

Simulated Annealing

A challenge associated with spatial planning i$ there are far too many possible
reserve network options{2where N is the number of planning units, andregion
has 3,610) to evaluate them all. Any optimizatioatine is an attempt to find a
“good” solution from an initial guess for a resenatwork. Simulated annealing, one
type of optimization algorithm used by Marxan, gd®s an effective approach to
addressing this type of problem.

Simulated annealing examines individual planningsuior their conservation
benefits and costs, and then collects a numbelaohpg units into an initial
“solution”, or in our case a MPA network, that meetir conservation targets of
capturing a particular percentage of representaidtats. The algorithm then
proceeds to randomly discard and retain plannintg iman effort to decrease the
reserve network's score. The ability of the alfponi to make bad choices that
temporarily increase the network's score ultimatesults in better solutions and
prevents the algorithm from being locked into “locanimums”. This random
swapping of planning units allows Marxan more fledtly during the subsequent
iterative improvement process, ultimately resulimg more efficient reserve and an
improved objective function value.

M ethodology

Our project scenario was intended to parallel #sgh process developed by the
California MLPA Initiative. To this aim, our Marxaanalysis used geospatial data
from the MLPA Geodatabashkt{p://www.marinemap.ofjgand was designed in
accordance with the NCCRSG goals and objectivedoviBis a description of the
methodology used to prepare the data layers, detertine objectives of our Marxan
analysis, and produce useful and informative prtsdior the MLPA Initiative
process.

Choosing Conservation Targets/Goals

California’s MLPA specifies that “marine life resess in each bioregion should
encompass a representative variety of marine halatal communities across a range
of depths” (MLPA 1999). By recommendation of theefce Advisory Team (SAT),
the MLPA Initiative adopted three bioregions in tiath central coast to distinguish
geographically distinct similar habitat types: NoRegion (north of Point Reyes to

3 Local minimum solutions result from another Managorithm option known as
the greedy heuristic.
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Point Arena), South Region (south of Point ReyeBigeon Point), and the Farallon
Islands.

The MLPA Master Plan Framework identifies sevemaiservation targets.€.
habitats, areas of biodiversity significance, apelcges of special status) that should
be included in a network of marine protected a(®#3As), including reserves. The
MLPA Master Plan Framework specifically mentions tbllowing habitats in
reference to their inclusion in a system of MPAxky reefs, intertidal zones, sandy
or soft ocean bottoms, underwater pinnacles, seataokelp forests, submarine
canyons, and seagrass beds (MLPA 1999). With tbeption of seamounts,
submarine canyons, and underwater pinnacles, #llese habitats are found within
state waters in the north central coast. Furthegirtbe SAT recommended that the
list of habitats referenced in the Master Plan Feaork should include specific depth
zones; such as intertidal, near shore (interti@ats3, and shelf | (30-100 m). These
recommendations by the SAT stratify representdtalatats into bioregions and by
depth. Collectively, the habitats, stratified bgrgigion and depth, are referred to as
“biophysical conservation targets” throughout thecument.

The table in Appendix A lists each of the biophgbimonservation targets included in
our Marxan analysis and indicates how each addsekeedNCCRSG goals and
objectives. Our analysis used 31 conservation taudgrived from the most up-to-
date data layers available at time of analysis fieenMLPA Geodatabase. To
prepare these conservation targets for use in Maiaalf-minute planning unit grid
of the study region was overlaid with habitat daban the MLPA Geodatabase. It
should be noted that habitats at Shelf Il deptB9{200 m) are very rare and were
excluded from our list of conservation targets fievent them from unduly
influencing our results. Furthermore, to encomplhssannual variability in kelp
coverage, we created an average kelp canopy caviger using data on kelp
coverage from the MLPA Geodatabase for years 08,19999, 2002, 2003, 2004,
and 2005.

The Cost Layer: Values to Commercial Fishing

Data on commercial fishing effort was collectedttoe study region using peer-
reviewed socioeconomic interview techniques. [Ratkection was the responsibility
of the non-profit research group Ecotrust, undertrext to the MLPA Initiative. A
commercial fishing value dataset was developed thighdirect input of fishermen.
Because fishermen and fishing communities are exigknowledgeable about the
marine ecosystems in which they work, their loaalght simultaneously improved
the quality of the data and allowed the concermsparspectives of fishermen to be
represented in the policy process (Scholz et &320

The most prolific fishermen in each of 34 commdrfisheries were identified

through California Department of Fish and Game ilgdeceipts. Specific
fishermen were targeted for interviews in ordecdpture at least 50% of ex-vessel
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revenue dollars from 2000 - 2006 landings by fighgear type, and port complex.
Additionally, interviews targeted at least 5 fismen in each industry, except in cases
where there were less than five. Interviews weréogpmed from late May to August
2007, and were conducted in small groups or indizilg, either on the fisherman’s
boat or in a convenient restaurant or public spadees 175 fishermen interviewed
identified a total of 308 individual fishing grousdvhich were captured as GIS data
layers using the GIS-based computer interface Quapn Oceanmap is a
socioeconomic data collection tool developed byiEemwmental Defense and

Ecotrust. Questions concerning fishermen demogea@mnd fishing operations were
also asked.

The goal of interviewing fishermen representingeast 50% of ex-vessel revenue
dollars of each fishery, gear type and port complag not achieved in every case.
Interviewing logistics were complicated becauseititerviewing season coincided
with the salmon and Dungeness crab fishing seasokssome fishermen were
unavailable to participate.

Fishermen were asked to identify their most ecowallyi important fishing grounds
from their cumulative fishing experience. Using @umap, each respondent ranked
their fishing grounds by distributing an imaginéioag of 100 pennies” for each
fishery they participate in. The pennies could is¢rdbuted between as many or as
few shapes of any size as the fisherman wished"d@dmnies” or “points” assigned
to each fishing ground were then weighted by tlevidual fisherman’s ex-vessel
revenue dollars for the relevant fishery and overtato the half-minute squared
planning unit grid comprising the study regionhelpoints in each fishing ground
were divided by the number of planning units infikbing ground, giving a “points
per planning unit” figure. For instance, assumsédrman X assigns 25 of his 100
pennies to a patch encompassing 10 planning uitiese 25 points are weighted by
the fisherman’s ex-vessel dollar revenue, and thdded evenly between the 10
planning units making up the shape. Summing thesghted values for all
fishermen results in a weighted importance surtd¢be north central coast study
region. The weighted importance surface was tra@rsformed into an index value
ranging from O — 1, with the highest value plannimit given a value of 1

The decision to select the fishermen with the hsglendings for interviews gives
weight to more prolific or successful fishermerhe$e individuals represent a large
economic share of the industry, but may be a kedbtismall number of total
fishermen. Weighting the importance of fishing lo@as by the fishermen’s ex-
vessel dollars skewed the resulting index of imgooee towards income, rather than
the number of fishermen affected. This method mspa certain bias in the data, but
remains a sensible approach given the difficultdetermining the number of
fishermen in a fishery. Most fishermen exploit mtinan one species and can vary
the fisheries they participate in year to yeare @eliberate identification of the
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highest earning fishermen in each fishery from D&@ling receipts was the most
efficient method of capturing data from a repreagw portion of the industry.

This socioeconomic data gathered from commerakfimen by Ecotrust are in
units of neither money nor effort, and can bestiéscribed as “importance”. These
numbers cannot be given any true unit, as theytrigem a combination of an
“economic importance” ranking and ex-vessel revenidée data was available to
our team in two forms. In our Marxan analysis wedithe previously mentioned
index value data, ranging from 0-1 and indicatimg telative importance of each
planning unit to north central coast commercididisnen, for all 34 fisheries and 5
port complexes. We utilized this same data incase format for our fishermen
density analysis. Here the importance data wdsrdiitiated per fishery and port
complex and was not reduced to an index. Thesesgahnge from 0 to slightly over
1,000.

Although this data is properly described as “imponde”, our report frequently refers
to it as “cost”, especially in the Marxan chapt®ve used Ecotrust’s “importance”
data as a proxy for the cost of including any paf#ir planning unit in a Marxan-
generated solution in order to minimize the soaoemic impact on commercial
fishermen. Ecotrust collected both commercial awleational importance data for
fishermen in the north central coast in two sepairgerview processes. However,
we did not use the recreational importance dataimanalysis because it was not
avaliable to us until too late a point in our paije

Conservation Scenarios: Determining Percentagedaibitat Conservation
Our Marxan analyses explored a variety of diffei@riservation scenarios. We
instructed Marxan to capture a different percentagarget (specifically 10%, 17%
or 34%) of all biophysical conservation featureshia study region in order to
produce reserve systems that addressed a rangas®rgation goals and objectives.
For instance, at the 10% conservation target, patdmtial reserve network included
10% of all intertidal surfgrass habitat in the Norégion, 10% of all intertidal
surfgrass in the South region, 10% of shelf | samotlyoms in the North region, and
so on for all 31 conservation features.

Our range of conservation targets (10%, 17% and)34éte determined based on the
SAT’s guidelines for MPA size and spacing:

To best protect adult populations, based on aditihiborhood sizes
and movement patterns, MPAs should have an alongshaent of at
least 3-6 mi of coastline, and preferably 6-12.5 mo facilitate

dispersal among MPAs for important bottom-dwellifigh and

invertebrate groups, based on currently known scalé larval

dispersal, MPAs should be placed within 31-62 meath other.
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From these recommendations we calculated how md¥d\vtould fit into the 146
miles of straight coastline in the study regionjmthe assumption that MPAs
stretched 3 miles from the coastline out to thenolawy of state and federal waters. If
the minimum size and spacing recommendations wsed to design a network of
MPAs, the total area set aside would be approximnaso of the study area. If the
maximum size and spacing were used, the totalssteaside would be approximately
17% and if the maximum size and minimum spacingewsed, then the total area set
aside would be approximately 34%.

The calculations for determining conservation tegge keeping with the SAT’s size
and spacing guidelines are presented below:

Deter mining Per centages of Habitat Conser vation

o Higher Range of Preferred Size (12.5 miles) anddrad®ange of the Maximum
Spacing (31 miles) = 4 MPAs fit into the region
0 4 MPAs x 12.5 mile size = 50 miles of MPAs
0 50 miles of MPAs / 146 miles of coastline84.2% of coastline captured

0 Lower Range of Preferred Size Size (3 miles) anddrdRange of the
Maximum Spacing (31 miles) = 5 MPAs fit into theyien
0 5 MPAs x 3 mile size = 15 miles
o 15 miles of MPAs / 146 miles of coastlinel8.3% of coastline captured

o Higher Range of Preferred Size (12.5 miles) andhklidRange of the
Maximum Spacing (62 miles) = 2 MPAs fit into theyien
0 2 MPAs x 12.5 mile size = 50 miles
o0 25 miles of MPAs / 146 miles of coastlinelZ1% of coastline captured

Figure 3.2: Calculations Determining Habitat Comaéion Target Percentages..

It is important to note that many more MPAs coutdestablished in the region than
the percentages calculated above indicate. Thesikegilon simply gives us a method
by which to determine potential conservation sdesahat are consistent with the
SAT’s recommendations for reserve size and spadinig.approach linked our
methods to the SAT’s guidelines for the MLPA Initi@ process.

Calibration

Marxan’s powerful simulated annealing algorithnoai$ for flexibility through
customizable user settings. However, changing teetimgs can have a large impact
on solution efficiency. Careful calibration is nesary in order to ensure a robust
analysis; in other words, to ensure that Marxasraslucing optimal lowest cost
reserve system solutions while meeting its consenvaargets. (Fischer & Church
2005).
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As previously described, the BLM and the CFPF aseastial user settings.
Additionally, the user also sets the number ofitiens and runs, which are
respectively the number of planning unit switches pirogram performs to create
each solution, and the number of solutions therdlgo generates each time it is
turned on. The calibration of Marxan user settiisgs complex process with a lack
of published material to provide guidance. In d@oréto contribute to the body of
knowledge concerning the effective use of Marxam have developed a calibration
manual that describes the process of calibratiagiier settings based on our project
scenario. Calibration is specific to a particydasject, which may account for the
dearth of published guidelines about how to catldoMarxan. Our calibration
manual (Appendix A) serves as a framework, whiahlmaapplied and modified by
future Marxan users to develop their own calibratieethods.

Deter mining the Boundary Length Modifier

The BLM is a critical user setting that significgninfluences the design of a reserve
system and should be chosen with care. Fragmentainols not to be a desirable trait
for a reserve system and thus the BLM controlg¢haive importance of minimizing
the sum of the boundary lengths within a systene BbM can be any decimal
between 0 and 1. A high BLM will result in fewearder reserves, while a lower

BLM will produce more numerous, smaller reserves.

To determine the most efficient BLM for our projecenario, Marxan was run
several times with a range of BLMs from 0 to 1.r Bach BLM used, we selected the
“best” solutiorf from the run and plotted the total boundary lengttsus the cost
(See Figure 3.2).

Although the ‘correct’ level of reserve system catipess is subjective, for the
purpose of consistency within our project we defittee most efficient BLM as one
that minimizes both ‘cost’ and boundary length. té¢ermined an ‘efficient’ BLM

as one that has the smallest area under the cuha is, the smallest product of cost
and boundary length. Using this technique, 0.008 determined to be the most
efficient BLM for our analysis of biophysical comgation targets alone, while
0.0001 was most efficient for the analysis of biggibal conservation targets and
commercial fishing costs. Although we used diffé8hM values for each analysis
the results are comparable. Because the mosteffiBLM was used in each case,
the same constraint of minimizing cost and boundzmgth applied in each scenario.
It should be noted that the Marxan user is notireguo use the most efficient BLM
in every analysis. One may wish to choose a BLMpgrbased on the size or
spacing of reserves that result. To maintain coesty we chose to use the most
“efficient” BLM in our analyses.

* The “best” solution is characterized by the soltiwith the lowest objective
function score.
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Boundary Length Modifier Calibration
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Figure 3.3: BLM calibration for analysis of habitadnservation targets. This graph plots total cost
against total boundary length for the most effitibtarxan solution. This BLM calibration for the
34% biophysical analysis shows the most efficielb®Bo be 0.003.

The Summed Solution: Top 100 runs

The objective of our project is to inform the MLR#anning process and support
MPA-placement decision-making. Our purpose wagmoécommend specific MPA
network designs, but to provide a rigorous analgtmsvailable data that would
generate a starting point for discussion. Therefeeecreated ‘summed solution’
maps to highlight areas that Marxan repeatedlyehosclude in reserve system
designs or ‘solutions’.

Marxan generates many solutions for each problespitesented with. The iterative
nature of the algorithm allows the tool more oppnotties to solve the scenario in
different ways and to produce ‘top scoring’ solagoln our analyses Marxan was run
1,000 times, yielding 1,000 solutions for each patage conservation scenario (10%,
17%, and 34%). From the 1,000 runs we selected@Betop scoring’ solutions —
solutions that met the targets with the lowest (@stined as smallest number of
planning units or least cost to commercial fish&eraepending on the analysis) and
shortest boundary length. We chose to select @@ solutions in order to improve
the clarity and utility of our Marxan maps. Dispilay a composite of the top 100
solutions gives a more efficient and informativeulethan displaying all 1,000
solutions.
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These summed solution maps are useful for visugilmcations in the study region
that most efficiently meet the habitat conservagoals and objectives of the north
central coast region while minimizing costs. Tasuiting array of three conservation
scenarios provides valuable insight into how theseovation value of planning units
changes with increasing protection. In fact, tregmdepicting the conservation
targets based on maximum size and minimum spa8ufg Conservation scenario)
provide the greatest amount of information becalisescenario forces Marxan to
repeatedly choose to conserve particular planniiig based on their high
conservation value.

The methodology presented above details the igndgarameters we used to
incorporate the guidelines of the MLPA planninggass into our Marxan analyses.
In the subsequent chapter we describe our Marxalyses and products, which
provide decision support tools contributing to MRétwork planning.

27



Chapter 4: Marxan Results

Maps displaying summed-solutions are the primaoglpcts of the Marxan analyses
for this project and are the focus of this sectidhe principle value of the maps is to
identify planning units that have been repeatedlgced and therefore represent
locations of high conservation value, which carcbesidered for inclusion in a
marine reserve network. Marxan also creates chghsplutions because it
minimizes the boundary length of the network. |ggime summed-solution maps,
planning units and concentrations of planning uoitsigh conservation value can be
identified and then more closely evaluated usitgeagraphic Information System
(GIS) by considering the type and quantity of agged habitats. In order to
interpret these maps, it is helpful to understahgt Marxan favors particular
planning units or collections of planning units peéhers.

Results of Habitat Analyses

The following habitat analyses were designed tdifaie compliance with the North
Central Coast Regional Stakeholder Group’s (NCCR&13) to “protect marine
natural heritage, including protection of repreaémé and unique marine life habitats
in north central California waters, for their imsic value.” The decision support tool
Marxan was utilized to address this goal by explpeonservation scenarios that
maximized the amount of representative habitatsgolanto marine reserves while
minimizing the area of a marine reserve.

We explored three conservation scenarios in whiehnstructed Marxan to capture
10%, 17%, and 34% of representative habitats witanine reserves (Figures 4.1,
4.2 and 4.3). For this analysis, we assumed tleatadlt of including each planning
unit was equal, without considering other econocoists. For our habitat analyses,
Marxan found potential locations of marine resefva@sed on meeting conservation
goals at a minimum cost, in this case, minimum nema planning units.

Results of Habitat Analyseswith Cost Considerations

Goal 5.2 of the NCCRSG goals and objectives sthtegnportance of minimizing
“negative socio-economic impacts and optimiz[ing$itive socio-economic impacts
for all users.” To address this goal we perforrapdinalysis in which we
incorporated data on habitat conservation targedslae relative value of planning
units to the commercial fishing industry. The seconomic data were collected
through personal interviews of commercial fisherrbgrthe non-profit research
group, Ecotrust, and the data represent the relatiportance of commercial fishing
grounds in each planning unit across 34 separgteries and for 5 ports (See
Chapter 3). As with the habitat analyses, Marxamified areas of high conservation
importance and potential locations for marine nesemhile conserving 10%, 17%,
and 34% of all marine habitat types (Figures 4.8, 4.6). In this analysis, Marxan
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Figures 4.1, 4.2 and 4.3: These maps depicethdts of habitat analyses using the plannmg Meoixan and the best available marine habitat data.

Half-minute planning units, the most efficient bdany length modifier (BLM) of 0.003, and respecttaegets of 10% (4.1), 17% (4.2), and 34% (4.3)

representative habitat conservation were usede algorithm was run 1000 times and the 100 “bastSwere overlaid to identify planning units with

potentially high biophysical conservation value
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found efficient networks of planning units that mmenhservation goals while
minimizing the cost to commercial fisheries andtienber of planning units. Table
4.1 shows the cost of each scenario for the haduitaltysis with cost considerations.

Table 4.1: Cost Statistics for Habitat Analysisha@ost Considerations Scenarios. Average cost and
percentage cost do not have any units. They weightezl by ex-vessel dollars, and because of the
method in which the value was collected througheisnen interviews the resulting data was not based
on a unit, but personal feelings of economic véditae the fishermen.

Average| Percentage Standard Range
Cost Cost Deviation
10% Habitat with Cost 11.5 2.5% 0.33 10.9 to
Consideration 12.3
17% Habitat with Cost 21.9 4.8% 0.33 21.1to
Consideration 22.6
34% Habitat with Cost 54.1 11.8% 0.41 53.2to
Consideration 55.1

Results of Cost Threshold Analysis

We conducted a third “cost threshold analysis” timaited the potential impacts to
commercial fishermen to no more than 10% for e&tiefy. Marxan was asked to
identify planning units for potential marine resesystems that would conserve as
much of all marine habitat types as possible (upO@?o), while ensuring that the
cost to the commercial fishery would never be nibae 10% of the total cost. The
targets were set to 100% to maximize the captukabitat, but none of the solutions
satisfied all of the constraints. This map (Figdré) and its adjoining table (Table
4.2) were useful in determining what habitats waficult to place into reserve
while minimizing costs to commercial fisheries. blea4.2 displays the average
percentage and standard deviation of each congmmfatture that was captured in
the 100 best runs. The only habitat that was copdeat less than 30% was the “Soft
bottom shelf” (in all three bioregions).
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Figure 4.7: Results from the cost threshold amsly$he purpose of this analysis was to find testb
solutions based on limiting the cost to the comia¢fisheries in the north central coast study oegi
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most efficient boundary length modifier (BLM) ofo@01, and a target of 100% representative habitat
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to identify planning units with a maximum cost @% to commercial fisheries.
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Table 4.2: Mean percentage of habitat conservdgatures captured in the cost threshold analysis,
with a maximum cost of 10% to commercial fisheréesl a habitat conservation target of 100% of
each of the marine habitats. Bioregions area nadhbth, and Farallons. Depth zones are intertidal
and Shelf I.

Target Conservation Feature Pf/r_c;natnﬁgﬁ)éu(;:d;i élt\i/loena)n
Kelp Average South 74.7+ 5.2
Kelp Average North 86.3+1.4
Hard Bottom Shelf | Farallon 33.1+ 5.5
Hard Bottom Shelf | South 68.5+ 1.2
Hard Bottom Shelf | North 53.0+ 1.9
Hard Bottom Nearshore Farallon 84.7+ 9.3
Hard Bottom Nearshore South 55.7+ 0.6
Hard Bottom Nearshore North 71.7+ 1.5
Soft Bottom Shelf | Farallon 149+ 1.8
Soft Bottom Shelf | South 20.2+ 0.9
Soft Bottom Shelf | North 24.0+ 0.8
Soft Bottom Nearshore Farallon 93.4+ 6.7
Soft Bottom Nearshore South 37.6+ 0.7
Soft Bottom Nearshore North 58.6+ 1.1
Estuaries South 99.4+ 0.01
Estuaries North 99.7+ 0.07
Eelgrass South 100.0+ 0.01
Eelgrass North 100 .0+ 0.00
Surfgrass Farallon 98.8+ 7.0
Surf grass South 79.3+ 1.9
Surf grass North 94.7+ 2.2
Intertidal Tidal Flat South 944+ 0.4
Intertidal Tidal Flat North 100.0+ 0.00
Intertidal Coastal Marsh South 98.2+ 0.09
Intertidal Coastal Marsh North 99.9+ 0.2
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Target Conservation Feature Pf/r_cgn;nggféuési ;L\{Ioer]za)n
Intertidal Rock Shores Farallon 88.8+ 5.6
Intertidal Rock Shores South 83.4+ 1.5
Intertidal Rock Shores North 85.8+ 1.2
Intertidal Sandy Beach Farallon 98.1+5.4
Intertidal Sandy Beach South 82.1+ 1.5
Intertidal Sandy Beach North 921+ 1.1

Table 4.3 shows the minimum and maximum numbetafrpng units for the 100
best solutions selected by the Marxan for (a) gdatht analysis and (b) the habitat
analysis with cost considerations for each consenvacenario (10%, 17%, and
34%) and (c) the 10% cost threshold scenario, aldtigthe average number and

standard deviation for each scenario

Table 4.3: Average Number of Planning Units Captune100 Best Runs of Each Scenario

Average Staf‘df"“d Range
Deviation

10% Cost Threshold 1309.1 6.2 1295 to 1324
10% Habitat 304.4 4.1 295 to 315
10% Habitat with Cost Consideration 323.6 4.1 31336
17% Habitat 595.5 18.9 552 to 638
17% Habitat with Cost Consideration 5583 11.8 63984
34% Habitat 1033.1 8.6 1012 to 10%5
34% Habitat with Cost Consideration  1130.2 8.4 1110 to 1147
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Methodsfor Interpreting Results

We compared summed-solution maps to the spatiddtalatasets that were used as
conservation targets in each analysis. We invatgpotential causes of
concentrations of selected planning units by evadgahe locations of particular
habitats and also planning units with high selecfrequencies and by considering
this information at different scales and in varieesnbinations. Some of the general
drivers of Marxan solutions are described below.tRose analyses that involved the
commercial cost index, summed-solutions also wenepared with a map of the cost
index (Figure 4.8). Additionally, a few possikg were tested using linear
regression to examine relationships between thethggized solution driver and the
selection frequency of a planning unit.

| |\| Ty

b .
{ MEXDOCDNG COUNTY lL Emf&"&“:;onzmnhﬂ:“}e ;: Data
.1" @ Point Arena l]—-l_'_‘ MLPA North Central Coast Study Region | |
Planning Unit Importance
0-0.06
007-015 n
N 0.16-0.26 3
N 0.27-042
M 043-068
B 069-1

Source: Ecotrust 2007
Map created by Bren School Group
Bren School of Environmental Sci

Figure 4.8: Map of cost index for north central sto@gion which shows the relative importance of
each planning unit based on the commercial cogtind

Solution drivers

These factors below offer explanations as to whtiqadar planning units were
repeatedly selected in Marxan solutions:
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Rare or localized habitatRare habitat can drive the location of a conceiotnadf
selected planning units. Recall that Marxan cseabiemped solutions when the BLM
is set with this objective. Marxan has limitediops for incorporating rare habitats
and will therefore build solutions around them. tBg same reasoning, habitat that is
not necessarily rare, but is concentrated andilmzhrather than located in different
places, will have the same effect.

Habitat richness:Marxan frequently generates concentrations of prananits in
areas with a high density of different types ofitetb Capturing many conservation
features in close proximity is more efficient whame objective is minimum area or
cost. Uniform habitats and areas with low habitdtness covering a relatively large
extent were selected infrequently. This is pdrdgause these habitats are abundant
and thus easily included in locations with highabitat diversity.

Habitat richness by celMarxan may be more likely to select a planning when
there are a high number of habitats present witlerplanning unit. On the other
hand, these planning units with high within-celbltat diversity may be more likely
to contain relatively low quantities of each habétad this may cause them to be
selected less frequently. To determine if withal-babitat diversity was a factor in
selection, we used linear regression with the ieddpnt variable of within-cell
habitat diversity and the dependent variable ofnln@ber of times the planning unit
was selected in the best 100 solutions. This didesult in a significant relationship
between within-cell habitat diversity and selectiaguency.

Planning units with no habitat dat&ome habitat datasets were incomplete due to
limitations in technology or data availability andnsequently some planning units
were missing or only partially contained habitatadaThe use of these datasets was
justified by the MLPA requirement of using the basgailable data. Marxan appeared
to occasionally include planning units with no habdata in a solution when the
width of these planning units was narrow. Thisalisuoccurred when the no-data
planning units separated two areas of habitatwiea¢ both included in a clump.

Analysis and Discussion of Results

The Marxan maps presented above are not intendadygest specific locations

for MPA networks. Rather, the maps prioritizedaaréor further consideration for
inclusion in a MPA network. The Marxan algorithnested planning units that most
efficiently achieved conservation goals while miiaimg costs, with costs defined as
minimizing the number of selected planning unit$ha& cost to commercial fisheries
(See Chapter 3). These maps are valuable deasport tools, but do not show
specific MPA boundaries; the maps show the numbgmes each planning unit was
included in the top 100 separate MPA network design

Habitat Analyses with 10%, 17%, and 34% targets
The objective of the habitat analyses was to mees@rvation targets while giving
each planning unit equal weight and constrainirggconly by minimizing boundary
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length and the number of planning units selectBaee habitat scenarios were run
with targets of 10%, 17%, and 34%.

Comparison of the habitat summed-solution mapsdoservation targets of 10%,
17%, and 34% showed that as the percentage incheamgcentrations of planning
units become more numerous, of wider spatial extard had higher selection
frequencies. Additionally, fewer planning unitsre@ever included in one of the
network solutions. This result is intuitive asre&sing the amount of required habitat
will increase the number of planning units select@tso, as the target percentage
increased, concentrations of selected planning wsitially persisted and remained in
the same basic location and less often shiftednoingshed. As the target amount of
habitat became higher, Marxan ran out of higheedity areas around which to build
solutions and add areas of lower habitat diveesity uniform habitat to meet the
targets.

The summed-solution requiring 10% of each consemwdéature resulted in three
concentrations of higher selection frequency: ljg)douthern Farallon Islands, (2)
south of Drake’s Bay and north of Duxbury Pointl §B) part of Tomales Bay.
These concentrations had selection frequencie&-dD2of the top 100 solutions)
although the Tomales Bay concentration was selefeD times. In addition to the
concentrations, a high percentage of each bioregamselected 1-20 times. The
relatively low selection frequencies and the widatsl range of selected planning
units show there are a range of options for meetomgervation objectives.

The summed solution that included 17% of each coatien feature resulted in
several concentrations. The highest concentrateeshed selection frequencies of
81-99 (of the top 100 solutions) at Tomales Baytmof Half Moon Bay, and at the
southern Farallon Islands. An additional conceiunathat reached selection
frequencies of 60-80 was found off the Mendocinasto

The summed solution that included 34% of each goatien feature contained
concentrations of planning units that reached thkdst selection frequencies of 81-
99 and 100. These concentrations included the=&atisco Bay and vicinity, south
of Drake’s Bay, the southern Farallon Islands, Tes&ay, and a few of the
estuaries that contain multiple rare habitats sischimantour Estuary in the southern
bioregion. Several additional concentrations reddhe 61-80 selection frequency
level.

The following examples demonstrate how concentnatf high frequency planning
units can be attributed to specific solution drsvehe southern Farallon Islands
concentration persisted across all habitat analfipgge=ach target percentage. This
location was repeatedly captured because of highataliversity in a relatively

small area, including locally rare surfgrass amitigashore habitats that do not occur
elsewhere in the Farallon Islands (Figure 4.9).rdda captured common habitats as
well around this hotspot. The concentration saitbrake’s Bay was probably
driven by the largest amount of kelp habitat ingbath bioregion. Other habitats
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including nearshore and Shelf | hard bottom, a$ ageburfgrass, which are only
found in a few areas in the south bioregion alsolmcaptured south of Drake’s
Bay. Despite the uncommon habitats, such asftataland coastal marshes, found
in the estuaries very close to this concentrafibarxan did not cluster these planning
units together. This was possibly because thet®eleeoncentration of planning units
and the estuaries were separated by planningwitfisho habitat data.

| Faralion Islands Habitats
Surfgrass

@ Sandy Beach

— Rotky Shores.

mmmmmmm

i

Figure 4.9: Southern Farallones Habitat Diversitie figure on the right depicts the results from a
habitat analysis. The eight planning units highiégl on the right are shown in an increased sgale o
the left. The left picture shows that several tatbj including habitats not found elsewhere, aund
within this small area. This results in a hightcae rate of these planning units in Marxan sohgio

In the north bioregion, surfgrass distribution Wasted at the southern end and this
appears to have driven some concentrations. &fafismales Bay had high selection
frequency over all habitat analyses because thedwigins a high diversity of
uncommon habitats, including eelgrass, tidal flatgstal marshes, and estuaries. In
the northern half of the northern bioregion is latreely even distribution of

abundant kelp, hard bottom, and soft bottom. Thigormity appears to have
resulted in a wider spatial range of selected ptananits and therefore a wider range
of potential solutions. The estuaries with théwedse and rare habitats, including
eelgrass, were always selected frequently.

Habitat analysis with cost considerations using 10%, 34% targets

The objective of the analyses of the habitat coragem targets with cost
considerations was to meet conservation targetiewtinimizing the cost to the
commercial fishing industry. An index that repregel the importance of each
planning unit to the commercial fishing industrysagsed to represent cost (See
Chapter 3 and Figure 4.8 above). Three analyskalifat conservation targets with
cost considerations were run with targets of 10%8p,land 34%.
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The habitat analyses with cost considerations westenctly different from the

habitat analyses because costs associated withpeauting unit were not equivalent,
but varied based on an index representing the \alaach planning unit to the
commercial fishing industry. The habitat analygeserated solutions that met
conservation targets while minimizing area and lgdauy length. The analyses of
habitat conservation targets with cost considenateiso minimized boundary length
and still tended to build concentrations in arasue and diverse habitat, but they
also built solutions using planning units that weféowest cost to the commercial
fishing industry.

A comparison of summed-solutions map of the vatueoimmercial fishing showed
that solutions corresponded closely to areas oéstwost. Summed-solutions also
were densely concentrated in a few areas; eachidugdl solution was similar,
showing there were not a large number of possiéteork configurations when costs
to commercial fisheries were considered. As thregrgage of habitat required for
the solution increased, summed solutions remaieedaly compacted and increased
significantly in selection frequency rather thaneggling into areas of higher cost.
Increases in spatial extent generally went intoaiemg areas of lowest cost around
the concentration.

The habitat analyses with cost considerations ededistinctly different summed-
solutions maps compared to the habitat analysks. h@ibitat analyses with cost
considerations and the habitat analyses both gextesalutions that met conservation
targets. However, the habitat analyses had maxéiliy to find areas of high

habitat diversity than did the habitat analyse$ wist considerations, which had
stronger constraints on location due to variationrportance of each area to
commercial fishermen. Therefore, the habitat nvega® useful in highlighting areas
that would significantly contribute to meeting habiconservation goals.

The largest concentrations of selected plannintsuhat occurred across all habitat
analyses with cost considerations were off the Memib coast, near Bodega Bay, in
Tomales Bay, in all estuaries, the San FrancisgoaBa vicinity, the western side of
the Farallon Islands, and north and south of HalbNIBay. As previously
mentioned, these concentrations all correspondeslgl with the cost index and
areas of lowest cost to fishermen.

The Farallon Island bioregion is a good exampleeimonstrate what is driving the
spatial patterns in the solutions to the habitalysm®es with cost considerations.
Comparing the commercial cost index to the sumnodatisn maps showed planning
units of greater value to fishermen tended to kibeneastern part of the bioregion
and consequently Marxan solutions tended to bledndw-cost western side of the
bioregion. Some of the planning units with rarbite around the islands were also
of high value to fishermen and therefore were setkless frequently compared to
the habitat analyses.
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Cost Threshold Analysis

The primary objective of the 10% cost thresholdysiawas to determine the
percentage of each habitat that could be captuheshwmiting the cost to the
commercial fishing industry to no more than 10%i®total value The planning
units with higher selection frequency correspong/ wbosely with lower cost
indexes.

Summed-solutions maps from the cost threshold aisatip show concentrations of
planning units with high selection frequency. Thosthe 81-99 or 100 ranges occur
primarily in locations very similar to the areasested by the habitat analyses with
cost considerations: off the southern Mendocinstagest of Bodega Bay, within
Tomales Bay, the San Francisco Bay and vicinitg, morth of Half Moon Bay
extending south. The obvious differences in spptttern between the two types of
cost analyses were wider distribution and less @angolutions for the cost-
threshold analysis. Planning units with low setetfrequency particularly in the 1-
20 range were throughout the northern and Farddlands bioregions and occurred
as scattered and isolated planning units as well.
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Chapter 5: Estimating Changes in Fishermen
Density

A patrticular concern about marine protected arbasesl by many commercial
fishermen is to what extent MPAs may result in @sed congestion within the
remaining open fishing grounds. Fishermen displdoam their old fishing grounds
by MPAs often relocate their effort to other ar@asulting in increased density of
fishermen per fishable area. In this section waae a method for estimating this
change in fisherman density for different MPA netkvproposals. This technique
may be used to assess a MPA proposal’s impacsbarfnen density, and also
provides a useful method for comparing the potéstiaioeconomic impacts
stemming from an array of proposed MPA networks.

During Ecotrust’s interviews of commercial fishemria the north central coast,
respondents were asked to identify their most eocedly important fishing
grounds. Each fisherman was asked to distribu@erh@ginary pennies, or points,
among their fishing grounds according to each aredative importance. As
explained in Chapter 3, these importance values West overlaid with the 3,610
planning units in the study region, and ultimatelighted according to each
fisherman’s landing value from 2000-2006, resulimgnore influence being given to
more prolific and successful fishermen. Two déferplanning units could be
assigned the same importance value by two diffdreimérmen, yet after the landing
value weighting has been applied, the planningfished by the higher earning
fisherman will have a higher importance value.

This methodology is a departure from the type @flygsis performed by Ecotrust in
the central coast Marine Life Protection Act (MLPlAjtiative process. In the central
coast, each fisherman’s stated preferences weghteei through a “footprint”
method based on the size of the fisherman’s fispmognds. However this technique
made the implicit assumption that fishermen witlaben fishing grounds have
smaller profits or effort. Ecotrust changed thisigihting protocol in response to
several external reviews of its central coast nahagy (Wilen and Abbott 2006).
Ecotrust’s north central coast method of weighigdamnding value results in a cost
index that is inherently biased towards the intsre§the more successful fishermen.
Our Marxan analysis thus reflects the same bias.

As a counterpoint to this bias imbedded in our Marwork, we developed another
analytical approach to evaluating the potentialaotp of marine reserves in which no
weighting was applied and all fishermen were tre@ate equal. We estimated the
potential impact of MPAs on commercial fishermenimyestigating how average
fishermen density will change after MPAs are esshlld. As additional MPAs are
established in state waters in compliance withMh®A, fishing effort will either be
lost, as previous analyses have assumed, or figfiag will be displaced from
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newly closed areas into the remaining open fiskimyinds. This analysis calculates
how the average density of fishermen per plannimigraay change with the
establishment of marine reserves and other pratestsas, assuming fishing effort is
completely displaced into the remaining open greurid/e selected the four
proposals for MPA networks developed by the NCCR®& the MLPA Initiative
process for this work. This analysis providesfeetent perspective on the impacts of
MPAs on commercial fishermen by considering numbéfsshermen, rather than
weighted importance of planning units.

M ethods

In December of 2007, the NCCRSG submitted four Mf@&work package proposals
to the MLPA Initiative. We used all four proposéds this analysis. The stakeholder
proposals range in size from Proposal 2, the sstalli@ other words, it bans fishing
from the fewest planning units) to Proposal 4,ldngest. Proposal 2 includes 11
state marine reserves, 2 state marine parks, atat®@marine conservation areas,
encompassing a total of 17.74% of the study regidrile Proposal 4 includes 14
state marine reserves, 1 state marine park, atet®marine conservation areas,
encompassing a total of 28.20% of the study reff@atifornia MLPA Initiative

2008). These different categories of MPA are zdoedifferent types of extractive
activity. State marine reserves prohibit all typé&ishing and other extractive
activities. State marine parks allow recreatidrabest, but forbid commercial
harvest. State conservation areas allow varyimgess of recreational and
commercial harvest according to the area’s sperdiing (California MLPA
Initiative 2008). Figure 5.1 below displays Proddsas an example of the four
stakeholder-created MPA proposals.

Our analysis compares the current average derfdiighermen per planning unit
(N/PU1) to the estimated average density givenrtipgementation of each proposal
(N/PU2), where N is the total number of fishermbl1 is the number of planning
units available to the fishery before MPAs are ldgghed, and PU2 is the number of
planning units available to the fishery after MPake established. We assume that all
fishermen displaced from their fishing grounds g hew spatial restrictions remain
in the fishery and move to other fishing groundslditionally, fishermen are
assumed to displace equally to any other plannimigcontaining pre-existing fishing
effort. We do not take planning unit charactetssuch as distance from port or
current importance to the fishery into account. ¥§ed this analysis to compare the
average density of fishermen for five important coencial fisheries before and after
the adoption of each of the four MPA proposals.

The planning units currently used by five importeammercial fisheries were
determined through the planning unit importance dgithered by Ecotrust (See
Chapter 3). The importance of planning units wheaormously, spanning 5 degrees
of magnitude. For each fishery, the importanceahy planning units was less than
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0.01% of the value of the fishery, while the impmte of a few planning units
exceeded 1.70%. In order to refine the analysisadtain more meaningful results,
planning units supporting less than 0.01% of thal tealue of the fishery, as
determined through interviews with commercial fishen, were removed from the
analysis and were assumed to not support any fisgdrer Thus, these planning units
with extremely low importance were not consideretbag those used to estimate
fisherman density.

To determine fisherman density per planning uh#,tbtal number of fishermen
participating in a fishery was divided by the numbghalf-minute squared planning
units in the study region that are utilized by &éginen in a particular fishery (N/PUL).
For each proposal, we recalculated average fishedaesity as the number of
fishermen divided by the number of remaining plagrunits that are open to fishing
(not included in a MPA) and are utilized by fishemin a particular fishery (N/PU2).
Table 5.1 compares average fisherman density panpig unit before and after the
hypothetical implementation of each of the foukstelder proposals.

As explained above, the three categories of MP#tate marine reserves, state

marine parks, and state conservation areas - allalforbid different combinations
of extractive activities. This analysis took theg#ering levels of restriction into
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consideration. We calculated the number of plagpminits remaining open to fishing

after the implementation of each MPA proposal adicwy to the specific fishing
restrictions associated with each MPA. For instainf the 22 MPAs constituting
Proposal 2, only 13 prohibit crab fishing while @@hibit urchin collection.

Table 5.1: Comparison of average fisherman depsgtyplanning unit before and after hypothetical

implementation of MPA proposals.

Dungeness California Red
Fishery Crab Halibut Urchin Rockfish  Salmon
Number of Fishermen 227 80 13 76 339
Current Average
Fisherman Density 0.12 0.16 0.05 0.04 0.17
With Proposal 1. 0.15 0.19 0.07 0.06 0.20
Percentage Increase 19.1% 17.4% 38.0% 38.8% 20.8%
With Proposal 2. 0.13 0.17 0.07 0.05 0.18
Percentage Increase 5.0% 10.0% 44.0% 22.3% 6.1%
With Proposal 3. 0.14 0.19 0.08 0.06 0.20
Percentage Increase 14.9% 22.5% 57.7% 38.9% 21.9%
With Proposal 4. 0.15 0.20 0.07 0.06 0.21
Percentage Increase 21.9% 24.6% 47.2% 46.9% 23.1%

As expected, average fisherman density per plarumitgncreased for each of the
five fisheries and for every stakeholder propos&diin this analysis. Proposal 4
yielded the largest increases in fisherman demp&typlanning unit, while Proposal 2
gave the smallest, in keeping with the size ofpfoposals. These percentages
estimate how average fisherman congestion might¢ase. The possibility of
increased congestion due to MPAs is a subject ggmeancern for commercial
fishermen. In addition to the psychological effetencountering other fishermen in
areas individuals previously may have had to thérasecongestion could result in
increased fuel and crew employment costs, as wetl@eased space and allocation
disputes between users (Sanchirico 2002). Theased concentration of fishermen
in the remaining open fishing grounds may resuthandegradation of habitat
(Leeworthy and Wiley 2002).

The percentage increase does not reflect potehizalges in fishermen’s catch. Itis
reasonable to assume that, at least initially,hcptr unit effort would decrease due to
increased competition. However, over time, theédgical benefits of marine
reserves, including spillover and export, may caadeh per unit effort to rebound,
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despite the increase in fisherman density. Weadsame that all displaced
fishermen remain in the fishery.

In reality, it is unlikely that displaced fishermemuld disperse equally to all

planning units important to the fishery and opefigbing after the establishment of
marine reserves. Planning units likely differ unatity and convenience. Thus, the
average values of fishermen density change we leddcare generalizations.
Additionally, this analysis makes the assumptiat the planning units that will be
closed to fishing with MPA placement currently sagman average number of
fishermen. This is unlikely, as MPAs are oftenilagately located in less-used areas
in order to minimize impacts on users. Despits¢happroximations, this analysis
provides some insight into the potential impactditierent proposed MPA networks.

This analysis projects that, for the twenty categgoprovided by four MPA proposals
and five fisheries, only the salmon, Dungeness,@at California halibut fisheries
for Proposal 2 would see a 10% or less increasgenage fishermen density. The
smallest increase in average fisherman densitys#@and occurred in the
Dungeness crab fishery with the implementationropBsal 2. The largest average
fisherman density increase impacted in the redinrtshery with Proposal 3, in
which average fisherman density increased by 58%.

This approach provides a systematic methodologgdarparing potential
socioeconomic impacts of a portfolio of proposedAitetworks. In the future, this
work could be further refined by including more sgidy-explicit data regarding the
actual number of fishermen present in the planaimtg, rather than an average
number. This type of data would allow a bettemeste of displacement. Our
estimates of increased fisherman density outsidéRAs could also be advanced if
the logistical realities of displacement were imgd. Natural limitations on the
ability of fishermen to move include the fuel capaof fishing boats and the
distance of fishing grounds from the fishermen’seqort.
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Chapter 6: Estimating the Redistributed Costs of a
Marine Protected Area Network

Previous attempts to quantify the potential coshafine reserves prior to
implementation have assumed that fishermen effsplaced by a MPA is essentially
removed from a fishery, despite the fact this islikely in reality (Leeworthy and
Wiley 2002). This approach assumes that the vafltiee catch from areas rezoned
as MPAs is completely lost. As such, the predictests that are associated with a
proposed MPA network can be high. In reality, hegre most fishermen do not
simply disappear, but may transfer their efforbtioer areas, resulting in
redistribution of effort and a lower actual costMPAs. Several studies have
modeled the redistribution of fish stocks after Mplacement (Apostolaki 2002;
Roberts 2001), but the extent and spatial scaMhath this redistribution would

likely occur for fishermen has not been calculatéde have developed a model to (1)
guantify the fishing effort that is redistributefiest MPAs are established and (2)
obtain an estimated cost of a MPA network thatdakelistribution and displacement
into account.

Development of M odel

The development and use of a model involves vargssmptions and depends on
the definitions of the variables used within thed@lo This section will list each of
our assumptions and explain why we believe thah easumption is reasonable.
Next, we will describe the model and the parameiéesach equation. Finally, we
will examine the sensitivity of the model to spexarameters.

Assumptions

In order to quantify the potential socioeconomistaaf a proposed MPA network in
the NCC study region, we made several assumptibhese assumptions are listed
below and explained further in the following paigats.

» Fishermen are fishing optimally and efficiently;

* Fishermen are equally willing to move to any plagnunits where fish are
caught;

» The slopes of the marginal value curve for eachrpfeg unit are negative;
and

» There are a sufficiently large number of plannimgsiinto which effort can
be redistributed.

First, we assume that all fishermen are fishingnogity and efficiently in the region.
The marginal value at which effort occurs in a plag unit is equivalent across all
planning units despite varying levels of effort.fisherman will expend effort where
he will maximize his value. As a result, we assunfisherman is equally willing to
move to any place where fish are caught to maximpiaét. This assumption
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equalizes the marginal value across all plannintgwrhen fishermen are fishing
optimally and efficiently. This is essentially appdication of the marginal value
theorem (Charnov 1976).

We also assume that fishermen will only move talaeopatch that is of value to the
fishery (based on the importance data gatheredcbyriist). This assumption
removes from consideration all planning units dh@not have an associated current
value to the fishery. In reality, fishermen cangmially move to any planning units
open to fishing, thereby redistributing value fridme closed planning units in marine
reserves. However, we do not know the circumstf(ice, no fish, unfavorable
oceanographic conditions, too far, etc.) which edutshermen to identify those
planning units as having no value. A conservadisgmate of redistribution assumes
displa(?;ement of fishermen only occurs to planningsuiwhere fish are known to be
caught.

We also assume the slopes of the marginal valuesuare negative. A downward
(i.e., negative) slope means that each additiomialadl effort that is added to a
planning unit will decrease the marginal valueh& planning unit. With natural
resources, such as fish, this is a reasonable asisum Effort removes a portion of
the resource. Additional effort removes an indareaportion of the resource, until
either the resource is completely exhausted withenplanning unit or the resource is
reduced to a point beyond which the effort to reethe resource exceeds the profit
gained from selling the resource. In the casewildfishery resource, generally, but
with some exceptions, fishermen do not replacedbeurce through cultivation. For
these reasons, we assume that additional fishfog &fill continue to decrease the
marginal value of the planning unit.

As previously mentioned, California state waters (@autical miles from shore) in
the NCC region were divided into 3,610 half-minkyehalf-minute planning units.
For the crab fishery, fishermen identified 1,86&the 3,610 planning units as having
some value to the fishery. The largest MPA propfyean the regional stakeholders
would remove 335 of the 1,864 fishable planningsuniTherefore, 82% of the
fishery would still be available to the fisheryorRhe purposes of this study, this is a
large enough number to redistribute the effort fitbe MPAS.

® The theorem predicts that individuals exploitingeaource will stay longer in a patch that is more
profitable when the environment as a whole is prséitable or the distance between patches incsease
gCharnov 1976).

Planning units where fish are “known” to be caughe¢ based solely on the data
collected by Ecotrust (See Chapter 3).
" Ecotrust interviews actually indicated the fishegcurs in 3,316 planning units.
However, we removed the planning units supportiess Ithan 0.01% of the total
value of the fishery.
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With the above assumptions, we developed a wonkiodel to determine (1) the
value of a MPA that can be redistributed to othrema and therefore (2) a more
accurate estimate of the costs of MPAs.

Models

Given these assumptions, the value of a fishegyparticular planning unit can be
presented as the shaded area in Figure 6.1. Beeailyses concluded that the cost
of a MPA (or the value to the fishery that is Iastjhis entire region under the curve
(representing a loss of the value of the entiramlag unit). However, in reality,
some of this value can be recovered as fishermese twoother open areas and
continue fishing. This model attempts to calcuthteredistributed area (or value).

Marginal Value of Fishery (p)

N

| Vaetherinen o
.

Xi
Effort (quantified based on total fishing days,g@tc)

Marginal Value of the Fishery PUnit Effort

Figure 6.1: Marginal Value for a Single Planningitin the Region

The model was developed from one basic equati@nedjuation for the area of a
trapezoid shown in Figure 6.1. The area of theeizaid is the value of the planning
unit, which is as follows:

Equation 6.1: V, = pX +%xi (& -p)

Where:

Vi the value of planning unit 1

p: the marginal value of fishing across all plamgnimits

Xi: the effort occurring in planning unit 1 at thengiaal value (p)
a: the y-intercept of the marginal value curve farming unit 1
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In order to utilize this model, we would need plaxgnunit specific value and effort
data and an estimate pfthe marginal value across the fishery. It is inbgat to
understand that the effort level (x Figure 6.1) is the effort that must be dispthte
other planning units if the planning unit were remad from the fishery. Because we
assumed that fishermen make optimal and efficibatoes, this effort would be
displaced equally into all other available plannimgts (See Figure 6.2).

Notto Scal % Re-Distributed Value
Value that is Displaced by Closing PU

Marginal Value of Fishery (p)

Marginal Value Effor

<

XJ2 X, XJ2

Effort (quantified based on total fishing days,p@itc)

Figure 6.2: Redistribution of Value from Closed itiang Unit (PU). This figure graphically depicts
the model explained above. Each curve represeniadividual planning unit. The effort from the
center curve, which is being removed from fishingyst be redistributed across all other available
planning units. Not to scale.

As the number of planning units into which the eaban be displaced increases
towards infinity, the effort distributed into eaatiditional planning unit becomes
increasingly small; therefore the shape of redisted effort essentially becomes a
rectangle with a height equal to the marginal valiithe fishery (See Figure 6.3). As
such, only the value above the marginal value effighery (the triangle with a width
of x; and a height of; — p) is the value that cannot be redistributed [ireotivords,

the cost of a reserve at this planning unit].
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X
Effort {quantified based on total fishing days, pots, etc)

Figure 6.3: Redistribution of Value from Closed Ritb Many Planning Units. This figure graphically
depicts the assumption of a sufficiently large nemiff planning units into which effort can be
redistributed. Each curve represents an indiviglaining unit. Not to scale

This area can be calculated by subtracting the@rthee rectanglepk,;) from the
total value of the planning unit,). Therefore, the cost of a reserve at one plannin
unit is described by Equation 6.2.

Equation 6.2: C =V, - px

Where:

Ci: the cost of a reserve at planning unit

p: the marginal value of fishing across all plamgumits

Xi: the effort occurring in planning unitt the marginal value (p)

To calculate the cost of an entire reserve netWGxk the area of the triangle
(determined by Equation 6.2) must be calculatectémh of the planning units that
will be placed into reserves and then summed. d$gsimes a sufficiently large
number of planning units into which effort can kdistributed. Therefore, the cost
of a reserve network can be determined by theviatig equation:

Equation 6.3: C,= (ivij— p[zn: xij
i=1 i=1
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This model requires data on the effort and valueawh planning unit of the fishery.
With this information, we can estimate the margwellie of the fishery and calculate
the cost of a reserve network when some of theevialtihe reserve areas is recovered
by displacement. The value data relies on them@éweach planning unit generates to
the value of the fishery as a whole. The effotad@ould be a measure of the total
effort expended by all fishermen within a particydé&anning unit. For example,

effort can be measured for the crab fishery bytoted number of traps that are laid

by all the fishermen within a particular planningitwover the season. The marginal
value is essentially the value for one unit of gffind can be estimated from the
planning unit specific value and effort data.

The importance data gathered by Ecotrust and wsdeMelop the cost layer (Chapter
3) was collected by asking fishermen about thednemically important fishing
grounds. Because some fishermen may have inclagéats other than revenue
when considering their answers, this data is by & value but some combination of
value and effort. Because Ecotrust interviewsasiklaboueconomiamportance, for
the purposes of this study we translated the inapo# data into planning unit
specific value. Therefore, we did not have plagninit-specific effort data.
However, if we assume that the slopes of the matgialue curves for all planning
units are equal, then the following equation becomgportant:

Equation 6.4: a—bx=p
Where:
b: the slope of the marginal value curve for alnpling units; the slope is

downward because each additional unit of effort egcrease the yield
(marginal value) of the planning uhit

The assumption that the marginal curves for alpilag units have the same slope
essentially means that distributing an additiomad af effort across all planning units
will result in an equal decrease in value in eaal uThis may not be an accurate
assumption because some regions are likely to se productive than others. As a
result, up to a certain point, increasing the eéffioay not result in a decrease in the
value of some patches due to the area’s naturkdical productivity. Therefore,
this assumption of a constant decrease in valueinareased effort results in a
conservative estimate of cost (a larger cost tlctunadly expected) to a fishery.

8 It should be noted that the negative sign redtdts the assumed downward slope.
It has been removed from parameter and inserted into the equation for
simplification.
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The slope represents the rate of decreasing vathamnereased effort in the planning
units. This is much harder to estimate withouttfar information about the
extraction of the resource or the effort within il@nning units. By rearranging the
model, the interdependency between slope and dféamames clear. Using
Equations 6.1 and 6.4, we removed paranmgethrough substitution and solved for

6.5: p= 2%~ )

X,

Equation 6.5 illustrates that some type of effatads required for at least one
planning unit to estimate slope, in order to obtiraccurate estimate of the slope. It
is clear from this equation that the slope could\aross all planning units. As
such, with planning unit specific effort data, gtssumption of constant slopes across
all planning units can be relaxed. The above egusishow that the slope and effort
are linked and dependent. In other words, slopaaizbe estimated without effort
data.

However, with the assumption that the slopes gblathning units are equivalent, it is
possible to calculate the slope if the total effortthe fishery is known. We solved
Equation 6.4 fox as follows:

6.6: X = —(aik; P)

Then we substituted the above into Equation 6.1Herfollowing result:

6.7: v, = p(a_p}l[a_ IDj(a—lo)

b 20 Db

We solved the above equation for paramateesulting in the following equation:

6.8: a, =42bv, + p°

We know that the sum of the effort within all theqmning units is equal to the total
effort. Therefore, with Equations 6.6 and 6.8,aae substitute fax anda and

obtain an equation that does not require plannmgspecific effort data, but data on
the effort for the fishery as a whole (Equation)6.9

6.9 x:i&:iaﬂ‘p:i(ﬂb‘“pz)‘p

Where:
X: the total effort in the fishery




With values for all planning units in the fishery)( an estimate of the marginal value
(p), and the total effort of the fishery, an optintiaa program can find an estimate of
parameteb. With a value for parametér we can substitute Equation 6.6 into
Equation 6.3 and calculate the value that can thstrédbuted and thus the cost of a
reserve network using Equation 6.10.

i=1

Equation 6.10: C,= (zvij_ p(z & l; pj
i=1

Where: . =4/2bv, + p°

Methodology for Establishing Predicted Costs

After establishing the model, we applied the mddehe North Central Coast region.
In the Marxan analyses described in Chapter 3¢ctseindex was developed by
combining the importance values from 34 commefealeries. While this model
could be applied to the total value of the are@tam all fisheries, it may be more
useful to characterize the lost value to each fishedividually. We applied the

model to the Dungeness crab fishery to illustret@ise. The Dungeness crab fishery
was chosen because it is currently the most vaduaiiery in the NCC region.

The individual fisheries cost data were developedport. Therefore, we combined
the cost values for the crab fishery for each glagpanit from the various ports.
Because each planning unit has a unique identityjg a straightforward task. The
data from Ecotrust is an “importance value” (Seajiér 3). We translated the
importance value into an actual dollar value usirgrecent total value of the fishery
described by the Regional Profile (a document pcedilby the MLPA Initiative
providing an overview of the biological, social amtbnomic context of the study
region); for the Dungeness crab fishery the totdli® is $9,993,386 (MLPA Initiative
2007). We then had a value associated with easinpig unit. Similar to the
fishermen density analysis presented in Chaptelabning units supporting less than
0.01% of the total value of the fishery, as detaedithrough interviews with
commercial fishermen, were removed from the anslged were assumed to not
support any fishermen. Thus, these planning wviits extremely low importance
were not considered among those used to estimateathe of each individual
planning unit.

Next, we estimated the marginal value paramgier The marginal value is the value
per unit effort at the margin. Essentially, ithe lowest value for one unit of effort
that a fisherman is willing to accept. Any valogver than this, a fisherman will not
expend any effort. This information is difficutt €stimate from the information we
have available to us. However, we can put somad®onp. It is certainly no

higher than the value of the planning unit with kheest (non-zero) value. The value
associated with this planning unit was $1064. termhore, it must be lower than the
averagevalue per unit effort (if all units of effort retued the average value, then
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there would be no diminishing returns). As desslibelow, we estimated the total
effort to be about 200,000 crabpot-days. The ess&kvalue of an individual crab is
about $5 (Fisheries and Oceans Canada - PacifioR2§07), so this represents an
average catch of 10 crabs per trap-d@e arbitrarily chose 2-4 crabs per trap-day as
a “reasonable guess” for the point at which a fista would stop fishing, leading to
estimates of the marginal valpef 10-20 dollars/trap-day. It should be noted tha
the smaller the marginal value is, the smallendlee is that can be retained by
redistribution (Refer to Figure 6.3 and imaginet tihe line representing marginal
value moves down).

Our data do not contain direct information on te@fbrt in the Dungeness crab
fishery, so we inferred the effort levels from tlegulations and fishing methods. In
the NCC, the crab season is open from Novemb8td Sune 36, or 227 days, and

is restricted in access with a vessel-based peysiem. Most of the capture occurs
in the first six weeks of a seven-month season @=vet al 2004). However, there is
no limit to the number of traps per vessel (MLPAiative 2007). The majority of
vessels in the fishery deploy between 400 and 23 t(Dewees 2004). Based on
this data, we estimated total effort to be appratety 200,000 trap-days. With this
effort value, the marginal value of $10 (estimaibdve), and the value of all
planning units within the crab fishery, the estiethslope of the marginal value curve
(b) is approximately 0.6. With a marginal value @D$b is approximately 0.43.

After establishing the values for each planning and the parameters, we tested the
potential impacts of two Regional Stakeholder GrBupposals on the Dungeness
crab fishery. We applied the model to RSG Proposals 4 anccause they are the
largest and smallest, respectively. The MPA prafsowere translated into GIS
layers that were each intersected with the planamits. Once each proposal was
intersected, we identified every planning unit uted in each proposal. Using the
value data for each of these planning units andhftgu 6.10, we calculated the
predicted cost of Proposals 2 and 4. Table 1 tefhe results with a marginal value
of $10 and Table 2 depicts the results with a nmaigialue of $20.

Table 6.1: Predicted Costs of RSG Proposals 2 aNfitliand Without the Redistribution of Value
Based on Fisherman Displacement and a Marginalevali$10

Value Lost when DisplacementValue Lost when Displacemen|t
NOT Incorporated | S Incorporated
Proposal 2 $373,000 $291,000
Proposal 4 $1,305,000 $1,002,000

® Some MPA Package Proposals included MPA types ahawed the continued
commercial fishing of Dungeness crab. To refleality, our results were based only
on the MPAs within each network that prohibited tbemmercial fishing of
Dungeness crab and not on all the MPAs within tlop@sed networks.
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Table 6.2: Predicted Costs of RSG Proposals 2 aNitlland Without the Redistribution of Value
Based on Fisherman Displacement and a Marginalevafli$20

Value Lost when DisplacementValue Lost when Displacemen|t
NOT Incorporated | S Incorporated
Proposal 2 $373,000 $214,000
Proposal 4 $1,305,000 $724,000

As noted throughout this chapter, there are seliendgations to the model and to our
application of the model. As noted above, to aataly estimate the slope associated
with the marginal value curves, it is importangstther effort for each planning unit.
The data collected for the north central coastoregiid not include fishing effort
levels per planning unit. Therefore, our estinadtslope was, in itself, based on an
estimate of the total effort of fishery which idfitiult to quantify. Further, the
optimization of parametdyis dependent upon the estimate of parangeteks such,

a sensitivity analysis of the model is crucial tmwing how much confidence we
have in the results.

Sengitivity Analysis of M odel Parameters

As defined, the model is dependent upon the valyslope b) and marginal value

(p) parameters. For this study, we had data onnipe@itance or value of the
planning units, but not the slope and marginal @allio determine the potential loss
of value after establishment of MPAs, we estimdbede parameters. If the model is
particularly sensitive around the region of onéoth of the estimated parameters,
the results will be less reliable. Thereforesitmportant to understand how the
model responds to the various parameters includiugiwt.

To determine the sensitivity of the parametersnpeeded to see how the cost varied
across different values bfandp. Rather than looking at the cost associated avith
particular MPA network proposal, we calculated derage the predicted cost per
planning unit across all of 1,864 planning unithis average is dominated by the
higher value planning units within the system, whig desirable because these are
the very planning units which, if closed would hake largest potential
socioeconomic impact on the fishery.

We calculated the cost of removing each of thed @&b fishery planning units for
combinations ob andp values ranging from 1 to 450 in increments of Edgure 6.4
depicts the results. The three-dimensional surshcsvn in the plot varies
significantly over the large scale. This sendigidnalysis was performed over a wide
range of values in order to get an idea of theesghlariation.
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Figure 6.4: Surface plot depicting the average asstlope and marginal value parameters vary. This
figure depicts variation in the parameters in taege of 1 to 450 in increments of 10. Areas of the

surface plot with a steeper slopes depict regionshich average cost is particularly sensitiveitbes
or both parameters.

Figure 6.4 reveals that wherandb are relatively large, a one-unit change in either
leads to a $2-3 change in predicted average ttsivever, wherb is small, the
average cost is very sensitiveptoand vice versa. Thus we looked more closely at
the region of smalp andb, to reflect the values estimated for the crabelighi{Figure
6.5). This reveals that uncertainty in the paramsetan have substantial impacts on
the estimated costs. For example, as p is dodfded10 (with b = 0.6) to 20 (with b
= 0.43), the average cost declines about $1000lyre20% change relative to the
maximum possible cost. It should be noted thamfeéi@.4 begins estimating the
average impact at values of 1 foandb. Figure 6.5 estimates the average impact for
a range ob less than one. As such, there are different dycsathan one would
expect, namely the average cost declines as paigesaather than increasing as
shown in Figure 6.4. This likely results from tinethod of estimating.
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Figure 6.5: Surface plot depicting the average assslope and marginal cost parameters vary. This
figure depicts variation in the parameters, randimmgn 0.1 to 1.0 in increments of 0.1 for the b
parameter and ranging from 5 to 25 in increment$ fifr the p parameter. Areas of the surface plot

with a steeper slope depict regions in which aweragst is particularly sensitive to either or both
parameters..

These results focus on uncertainty in p and b. él@w it should be noted that
without planning unit specific data, the estimdité ts dependent upon the total
effort of the fishery and the marginal value partengy, compounding the
uncertainty in b. Figure 6.6 shows the estimalepesparameter as a function of the
total effort when p = 20. As total effort increasthe slope decreases substantially.
As total effort varies from 100,000 to 300,000 tdgys b is reduced from 2.5 t0 0.12

The sensitivity of the estimated costs to the patans shows that it is crucial to have
accurate estimates to have a useful result fronmitdel. However, the uncertainty
in our analysis was very high: +/- 35% for the niaag effort parameter p, and +/-

50% for total effort. With targeted data collectigt should be possible to reduce this
uncertainty substantially.
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Conclusion

We have presented a novel method for estimatingdbts of a MPA network. This
cost estimate accounts for the fact that not alMdédue from an MPA area is lost
because fishermen are highly adaptive and likeljigplace their effort into the
remaining open areas. We encountered severatuifés in applying the model due
to a lack of data. Despite these limitations, \aeehestablished a baseline model to
be improved upon to allow for a more realistic dutative comparison of MPA
networks.

In future regions of the MLPA Initiative processta collection should include
guestions to elicit the value per planning unig éffort per planning unit, and the
perceived value per one unit of effort at whichsahérman will stop fishing an area.
For the crab fishery, this can be done by askiedighermen how much return they
get from one crab trap, how many days during tlea@e do they fish and how many
traps are deployed on those days, and finally hawmvalue is returned from each
fishing area. With this information, the model daapplied much more accurately
to obtain even more realistic estimates of theaaast of MPA networks when
fishermen displacement is incorporated.
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Chapter 7: Conclusions and Recommendations

The design and implementation of marine protectedsa(MPAS) in California state
waters under the California Marine Life Protectidet (MLPA) is a groundbreaking
process, as it is led by stakeholders and invdlvesonsideration of the many
potential impacts that MPAs can have on marinewess and their related
industries. Our project used several differentrads for informing MPA network
design while considering some of their many potgmtnpacts.

M ar xan

We used a computer optimization tool, Marxan, tplese several possible ways of
planning marine reserves. The Marxan algorithmcsglepecific locations from
within a planning region that most efficiently aet conservation goals while
minimizing costs. For our project, efficient satuts minimized the number of
planning units or minimized cost to commercial §sks while achieving the
conservation targets. Our group considered costerhmercial fisheries because the
data were available; other costs (such as thoseettto recreational fisheries) could
be considered, given appropriate data. Becausedfexibility of the Marxan
program, we were able to choose and vary a supeiafties for conservation, while
simultaneously making an effort to reduce the tmsbmmercial fisheries. The
Marxan program utilizes simulated annealing to espkolutions to the problem of
MPA design and produces a large number of solutioaismeet the conservation
targets. For each set of conservation targetcasis, we generated a map that
summarized the top 100 solutions. The maps predentthis report are not intended
to be prescriptive. It is not the intent of thesalyses to suggest specific locations
for a MPA network. Rather, the maps highlight artheat warrant further
investigation into their potential conservationu&al These maps are valuable
decision support tools, but do not show specificAMidundaries. Our suite of
Marxan maps were presented and delivered to ththNBentral Coast Stakeholder
Group during their December 2007 meeting. Sestakleholders have requested our
materials for review and we have received usetediback for future
recommendations.

Successes

Marxan’s ability to evaluate large datasets anddksption for use by the MLPA
Initiative offered an excellent opportunity to demstrate the tool’s utility in a policy
setting. Marxan is capable of spatially optimizaagoss multiple targets, making it a
powerful tool for the multi-criteria analysis regedl for MPA network design.

Marxan also offers flexible user settings thatwlfor fine-tuning of parameters that
affect the final solutions. One such useful par@mis the boundary length modifier
which allowed us to instruct Marxan to constructAdRhat were within the size and
spacing guidelines of the MLPA Science Advisory fearurthermore, the fine-
tuning of the Conservation Feature Penalty Faettype of weighting system,
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offered a way to control the tradeoff between imtlnal targets and costs, and ensure
that conservation targets were met.

At the core of Marxan is its simulated annealinggpvam (described in Chapter 3),
which allowed us to create thousands of suitabigtisns with different MPA
configurations. Moreover, Marxan'’s objective fuoaot which evaluated the
potential cost of each MPA network, allowed usdore and rank each solution, and
to choose the best solutions for our analyses. oblective function was an
invaluable component of Marxan that enabled utstuct composite maps of the
top 100 solutions, offering a variety of potent@dations to consider for MPAs with
some flexibility for planning, rather than a singkest MPA network option, which
could be politically and socially intractable.

Marxan served as an effective tool in highlightargas within the study region that
warrant further investigation as to their consaoratvalue and possible inclusion in a
MPA network designed by stakeholders.

Limitations

Data availability and timingOur analyses were limited to the available datahel

time of analyses. The Science Advisory Team (Sid&htified many conservation
targets, in addition to habitat representationhsagocean circulation features
(freshwater plumes, retention areas, and upwetlergers), that could have been
included as conservation targets. However, atithe of our analysis these data sets
were incomplete, and so we were unable to incotpdieese features into our
analyses. In addition, data regarding other aasji such as recreational fishing,
were not available at the time but could be inceoapead in the future using the same
methods.

Data quality The MLPA mandates the use of the “best readibilable” data.
Although all data in the MLPA Geodatabase were pegiewed by the MLPA
Initiative staff, the data varied in quality andalaollection methods. We restricted
our analyses to datasets that were considerede\tPA Initiative staff to be of
good quality. The data we used were primarily higgical data. In the future, this
type of Marxan analysis may be expanded to inchttler conservation targets, such
as species biodiversity hotspots and breeding gimuhdata of sufficient quality can
be obtained

Scale of dataRaw data were collected on various scales, cgussime of the data to
be less precise than other data. For example, sbthe region’s substrate data (i.e.
sandy bottom and rocky reef at the Farallon Islahdse a lower spatial resolution
than substrate data for other regions of the stwdg. This could be addressed in
Marxan by creating different conservation targetsdata at different scales. For
example, fine-scale hard bottom data could be arget and coarse-scale hard
bottom data could be another target.
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Variability in data The static nature of most data on habitat digtrdms does not
account for environmental variation and climaternge(Airamé et al. 2003). Certain
habitats, such as giant kelp, vary seasonally armhioually, making it difficult to
assign such features to static planning units. adé®@mmodated this variability by
compiling six years of kelp data into one averagip kayer. We used this composite
data layer to identify locations where kelp coukise even if it is not there at
present. Thus, in our analysis, certain areasatteaselected to incorporate kelp
habitat into the MPA network may not actually camteelp in any given season or
year.

Political Limitations The guidelines developed by the Science Advidagm were
based on the MLPA goals, established in law, agiral stakeholder goals,
developed during the Initiative process, for Cahifa state waters. However, the
distributions of habitat types and species rangesat restricted by human political
boundaries, and often stretch beyond state wattydederal waters and adjacent
states or countries. More efficient MPA netwonkbjch minimize size while
capturing the target percentages of different laéhiimay be realized if conservation
features within Federal waters or adjacent stateswuntries could be considered in
the planning of a MPA network design for California

Recommendations
Marxan is a powerful and sophisticated planning bat the quality of its products
depends on the quality of data used and aptitudieeafiser.

Fine-Scale Reliable Data

If Marxan will be further utilized by other regiomathin California, specific fine-
scale datasets should be collected to addresshstidee concerns and goals. We
chose to solely use habitat data because theseawemeg the most reliable and
comprehensive within the MLPA Geodatabase. Mahgmodatasets were available,
but had lower reliability and precision. We recoemnd that future Marxan analyses
also take into account the other goals and objestof regional stakeholders, such as
placing MPAs near spawning grounds and marine mdmouokeries and haulouts,
area of high fish and bird diversity and densitithim existing monitoring and
research sites, and near existing state parksh &gpropriate data, the Marxan
analyses could be designed to better reflect theahyactors that stakeholders
consider when designing a MPA network. Marxan tssalle also contingent on the
quality of data available, which is critical fofeftive analyses.

Impacts to Individual Fisheries and Multiple MPA&s

One drawback of Marxan is that the cost layer iaggregate of all commercial
fisheries within the study region. If the costdayvere disaggregated, then the user
could conduct a more sophisticated evaluation ¢l economic and social
impacts. This disaggregation would enable the tesdetermine specific impacts
based on a particular fishery or fishermen.
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Furthermore, certain MPA types allow specific freiiactivities to occur within their
boundaries. Marxan assumes all MPAs are fullyqutetd reserves that do not allow
any sort of fishing. However, stakeholder propgsantain an array of MPAs at
various levels of protection.

The program MarZone, based on Marxan, was develtgpaddress these specific
issues within the MLPA. At the time of our projebtarZone was not yet ready for
use. Once it becomes fully functional, its abitibydisaggregate MPA protection and
commercial fishery costs will enable new levelaoélyses that can better inform
stakeholder design of MPA networks.

Fishermen Density

We developed a methodology for determining howdiesity of fishermen per
planning unit would change in response to the imgletation of proposed MPAs.
During meetings to guide the establishment MPAteatCalifornia Channel Islands,
stakeholders aspired to design a network of MPAswwould displace no more than
10% of the value of each fishery from MPAs (S. Mg personal communication,
January 2008). For our project, we used the ftakeholder proposals for a MPA
network developed for north central California kplere the potential fishermen
displacement from each of the top five fisheriear{@eness crab, salmon, California
halibut, red urchin, and rockfish). We found ageréisherman density per planning
unit increased for each of five fisheries, if wewsed that MPAs were implemented
using each of the four stakeholder proposals. Tinalest increase in average
fisherman density was 5% and occurred in the Dueggorab fishery with the
implementation of Proposal 2. The largest avefmstperman density increase
impacted in the red urchin fishery with Proposah3yhich average fisherman
density increased by 58%.

Limitations

The percentage increase in average fishermen gérsi proposed MPAs does not
reflect potential changes in fishermen’s catchtc@aer unit effort could decrease
due to increased competition. Another possibifitthat fishermen could expand to
areas that were previously unfished. We also aegbat all displaced fishermen
remain in the fishery. In reality, some may divigrgto other fisheries or leave the
fishery altogether. Additionally, we assume tim planning units closed to fishing
in a proposed MPA currently support an average rasrabfishermen, calculated as
the number of fishermen found within an individtighery per fished planning unit
before implementation of MPAs. It is unlikely thhe region-wide average number
of fishermen utilize areas proposed as MPAs bectngsstakeholders take
distribution of fishing effort into account whereating MPA proposals in an effort to
minimize the potential impacts on users. Degpbiése approximations, this analysis
provides some insight into the potential impactditierent proposed MPA networks.
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Recommendations

Future applications of this methodology could beroved upon by incorporating

more data regarding the actual number of fisherpresent in the planning units,
rather than an average number. |If this type o de¢re available, then a better
estimate of displacement would be possible. Thigates of increased fisherman
density outside of MPAs could also be advancelafrealities of actual displacement
were included. We could also include assumptiomsorporating the natural

limitations on the ability of fishermen to move,chuas the fuel capacity of fishing
boats and the distance of fishing grounds fronfigfeermen’s home port.

Redistributed Costs

We developed a novel method to estimate the castMPA network by quantifying
the value of protected areas that can be redistiibacross the entire planning region.
Previous attempts to quantify the potential cogViBfAs prior to implementation

have assumed that fishermen effort displaced by# M essentially removed from a
fishery, despite the fact that this is an unlikebgumption (Leeworthy and Wiley
2002). Our model accounts for the reality thatalbvalue from protected areas is
lost to the fishery.

The model utilizes four key assumptions. We assliinat: Fishermen are fishing
optimally and efficiently; fishermen are equallyilimg to move to any planning units
where fish were caught; the slopes of the margiakile curve for each planning unit
are negative; and there are a sufficiently largalmer of planning units into which
effort can be redistributed. With these assumpgtias well as data on the value of
every planning unit to the fishery, the portionatal effort occurring within each
planning unit, and an estimate of the marginal @@aross the fishery, we can
guantify the fishing effort that is redistributefiest MPAs are established and obtain
an estimated cost of a MPA network that takes teldigion and displacement into
account. This model will be useful in future apptions as an additional method to
evaluate the socioeconomic impacts of proposed MeuWvorks.

Limitations

There are several limitations to the model we dgwed. Notably, the data required
for an accurate estimation may not be availalteortler to apply our model, we used
an estimate of total effort of the fishery becawsedid not have data on relative
fishing effort within each planning unit. This giification added an additional
(probably unjustifiable) assumption to the moded &mited the accuracy of our
results. The remaining assumptions might not adA@eyfully satisfied. For example,
fishermen may not have the information requiretigio optimally and efficiently.

The assumption that the marginal value across plgnmits is equal may be violated
if fishermen are not able to move freely to anynpiag unit in the study region to
maximize their profits. Despite the limitationstbé model, it advances our ability to
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predict the more realistic impacts associated WiBA proposals prior to
implementation.

Recommendations

In the future, scientists who conduct interviewsiviishermen could investigate both
value and effort. Interviewers could ask fisherntmidentify the areas where they
spend their time in addition to the areas thatamomically important. It would be
necessary during the interview process to ensatedifferent interviewers ask the
same questions in identical ways to ensure theoresgs will satisfy the need to
distinguish value from effort. For the crab fishehis can be done by asking the
fishermen how much return they get from one crap,thow many days during the
season do they fish and how many traps are deplaye¢ldose days, and finally how
much value is returned from each fishing area. i#althlly, information about the
wholesale price of crabs after landing would bghelto estimate the marginal value
across the region.

Ecotrust has agreed to collect information aboetvlue of and fishing effort
exerted in each planning unit within the next regod the MLPA Initiative process.
With data on effort and value for each planning,uthie model we developed can
help to predict the value of planning units that be redistributed. Application of
our model would provide a better estimate of pastiebsts of closing particular
planning units. Therefore, our model can be useshasmethod to evaluate the
differences in the potential socioeconomic impaetisveen various proposed MPA
networks.

This analysis could be further refined by incorpioiglimitations to displacement,
such as travel distance from ports and originailifig grounds.

Conclusion

Our project demonstrates that socioeconomic coretides can be incorporated
effectively in the design of MPAs. It also showattthe goals of conservationists
and fishermen are not irreconcilable, and thainterests of both can be satisfied in
the design of an MPA network. Our work also prosideantitative methods of
comparison between MPA proposals, allowing fingst®on committees, like the
MLPA'’s Blue Ribbon Task Force, to better justifethdecisions. With these new
methods of integrating socioeconomic concernsefisien, conservationists, planners
and other stakeholders can improve the decisionngakocess through increased
knowledge of the possible impacts of network plagetn These tools and analyses
fill critical gaps in knowledge, helping stakehaisielesign MPA networks that
minimize socioeconomic impacts to commercial fisien and simultaneously aid in
conserving California’s marine resources.
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Appendix A: Application of Science Advisory TeamA5 Conservation Targets
and Socioeconomic Considerations to the North @e@wast Regional Goals and
Obijectives of the California Marine Life Protectiéit (MLPA)

Table B.1: Correspondence of Goals and Objectvy®$ARXAN Targets
SAT Identified Biophysical North Central Coast Regional Goals and Objectives
Targets
1.1 12| 13/ 14 15 21 2R 23 31 32 83 B4 |442| 51| 52/ 53 6.1 6.

Surfgrass North ¥ Y| Y] Y]|Y Y Y| Y
Surfgrass South Y Y Y Y Y Y| Y Y
Surfgrass Farallon Y Y Y Y Y Y| Y Y
Intertidal Rock Shores North Y Y| Y Y Y Y
Intertidal Rock Shores South Y Y Y Y Y
Intertidal Rock Shores Farallon Y Y Y Y Y |Y
Intertidal Coastal Marsh North Y Y| Y Y Y Y |Y
Intertidal Coastal Marsh South Y Y Y Y Y |Y
Intertidal Sandy Beach North Y| Y Y| Y ) YY
Intertidal Sandy Beach South Y ) Y Y'Y
Intertidal Sandy Beach Farallon Y ) Y Y |Y
Intertidal Tidal Flat North Y Y Y
Intertidal Tidal Flat South Y Yl Y Y Y Yl Y

10 A "Y" indicates that the target/data contributesrteeting the specific goal, objective, or designsideration.
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Table B.1: Correspondence of Goals and Objectv®$ARXAN Targets

SAT Idenfllgregetleophyscal North Central Coast Regional Goals and Objectives

1.2] 1.3] 1.

N
=
fdul

L 2 213 31 32 B3 B4 |442)| 51| 52

W
o

Estuaries North

Estuaries South

Eelgrass North

<|<[=<|X<|N
< | <] <<

Eelgrass South

< | <<

< | < <[=<|X|F
< |<|<[<|=<
< |=<|=<[=<[=<
< | =<|<|=<| <P

Kelp Avg. Canopy Cover North

<
<

Kelp Avg. Canopy Cover South Y| Y| Y| Y

Soft Bottom Nearshore North
(Intertidal - 30 m) Y Y Y|y Y Y

Soft Bottom Nearshore South
(Intertidal - 30 m) Y Y Y|y Y Y

Soft Bottom Nearshore Farallor]
(Intertidal - 30 m) Y Y| Y |Y v v

Soft Bottom Shelf | North
(30-100 m)

Soft Bottom Shelf | South
(30-100 m)

Soft Bottom Shelf | Farallon
(30-100 m)

Hard Bottom Nearshore North
(Intertidal - 30 m) Y Y| vy Y Y
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Table B.1: Correspondence of Goals and Objectv®$ARXAN Targets

SAT Identified Biophysical

North Central Coast Regional Goals and Objectives

NJ

NJ

Targets
11| 1.2 1.3/ 1.4 15 21 2P 23 31 32 B83 B4 (442)| 51| 52| 53 6.1
Hard Bottom Nearshore South
(Intertidal - 30 m) Y Y| Yy Y Y|y
Hard Bottom Nearshore Farallo
(Intertidal - 30 m) Y Y| Yy Y Y|y
Hard Bottom Shelf | North
(30-100 m) Y Y Y Y Y Y Y
Hard Bottom Shelf | South
Y Y Y Y Y Y Y
(30-100 m)
Hard Bottom Shelf | Farallon
Y Y Y Y Y Y Y
(30-100 m)
Socioeconomic Considerations | 1.1 | 1.2| 1.3| 1.4 1% 21 22 23 31 32 83 (B4 |(442| 5.1| 52| 53 6.1
Fishing:
Commercial fishing areas of
L Y Y
relative importance
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Appendix B: Marxan Calibration to Ensure Robust
Analysis

Cheryl Chen
October 31, 2007

Project Description:

North Central Coast of California MarineLife Protection Act (MLPA) Initiative
Number of Planning Units: 3,610

Number of Conservation Targets: 31

This calibration manual is the methodology usedaidrate Marxan for a Donald
Bren School of Environmental Science and Managenmesis project. It may be
used as a guideline to calibrate other Marxan sae)dhowever, every scenario is
different and thus requires adapting calibratiothods that fit the particular project.
This manual may serve as a starting point to bigmulation of a calibration
method for various Marxan projects.

Step 1: Optimizethe number of iterations

The purpose of optimizing the number of iteratia® ensure that Marxan is
generating the best solutions possible within thalable time constraints. The
number of iterations is the number of times Maratempts to add or subtract
planning units in search of a better solution. Wue iterations that are set, the
longer the program will run, and the more likely dan will generate a better
solution (i.e., lower objective function score).

At an optimal number of iterations, Marxan runsaédintly and generates
consistently “good” solutions. When an optimal nembf iterations are achieved the
user then can explore the various “good” solutmhgde keeping a consistent
objective function or cost. If there is wide vaiildp in objective function scores
between runs the user probably needs more itesatoreach the point where the
objective function stops significantly changing.

Ideally, through calibration the user finds a thi@d point where increasing the
number of iterations does not significantly prodadeetter score. To test whether a
certain number of iterations produce significamtiyproved scores, we calculate the
standard deviation between all the scores of the.W/e expected that, at a certain
number of iterations, the standard deviations woefidain the same, indicating the
optimal number of iterations. However, in our cedion, we did not reach this
threshold value. We increased our iterations frod®@,000 to 13,000,000 and the
standard deviations linearly declined to zero.
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Alternatively, we examined our standard deviatiafues and selected a number of
iterations that produced an acceptable standarnatit@vfor a time efficient analysis.
We chose our optimal number of iterations at 5,000 because, at this number of
iterations, the standard deviation dropped to allatwhich there was less than 5%
variance between objective function scores. Wedsetthat this was acceptable
amount of variation considering the time neededitothe analysis.

Method:

Set all Conservation Feature Penalty Factor (CWBE)es to 1.

Set Boundary Length Modifier (BLM) to O.

Set Marxan to 50 — 100 runs.

Set the initial number of iterations to 1,000,000.

Run Marxan.

Open the summary file that has details of each run.

Use the objective function values to conduct ymalgsis
a. Conduct an analysis of standard deviations fofsalbres” that are given

for each run.

8. Continue calculating the standard deviation betwees for various numbers of
iterations.

9. Choose a number of iterations per run that produeariance between the
“scores” of less than 5%.

NoakwNpE

Step 2: Calibratethe Boundary Length Modifier (BLM) and the Conservation
Feature Penalty Factor (CFPF).

Before beginning a Marxan analysis, it is necessaoalibrate the model for the
conservation feature penalty factor (CFPF) for damimdary length modifier (BLM)
used to explore a range of solutions. Eventutiily,user will select CFPF and BLM
that produce solutions that include key specidsabitats and are organized into
clusters of suitable size (with an optimal BLM w&lurather than highly fragmented
(BLM=0). The CFPF and BLM are variables within Man’s objective function that
must be set by the user. There are no univergaldg values for these parameters, as
they are vary with the geometry of the study regsre of the planning units, values
of the input data (e.g. costs and conservatiomfea}, and goals and objectives of the
reserve design process.

Conservation Featur e Penalty Factor (CFEPF)

The CFPF controls how hard the algorithm triesieet each conservation
target. This value can be any positive number. éler, setting the CFPF values
should be done with care. It is undesirable to la@¥-PF value that is too high or
excessive. Values that are too high unnecessamigtrain the options Marxan has
when switching out and comparing planning unitpumnsuit of a solution (Fischer &
Church 2005). If a high CFPF value is placed omariqular target, Marxan will be

75



limited in the choice of planning units becauséhef high penalty factor associated
with removing the planning unit that contains ayéwith a large CFPF. Essentially,
a CFPF value that is too high will produce solusitimat are inefficient. Therefore,
CFPF values should be set at the smallest numlssilgde while still meeting the
conservation targets.

For our project, an optimal CFPF produced solutiartbe targets were met
in 90% of solutions. For some projects, howeveg,uber might want 100% of the
solutions to meet their targets. For our projdw, duration of the analysis increased
substantially if we required 100% of the solutidmsneet their targets. We did not
want to constrain Marxan to get 100% of all targetsve did not set high CFPF
values. Through repetition of the problem with aety of CFPF values, we
eventually found a suite of CFPF values for whentgéts were met 90% of the time.
To avoid setting the CFPF at an arbitrary valuerefmed our suite of solutions by
selecting the top 100 scoring runs that met alf tiaegets from 1,000 Marxan runs.
Rather than setting high CFPF values and constigiiiiarxan to produce 100% of
the runs that meet all their targets, we providedenilexibility for the program so
that it could explore a wider range of solutiomgjuding those that did not meet all
of their targets.

Boundary L ength Modifier (BLM)

The BLM controls the relative importance of bound&@ngth to reserve cost
(or area). The BLM value can be any positive numizehigher BLM value will
result in a solution with more clumped planningtsiisielected as potential reserves.
In other words, a high BLM will result in fewer rger reserves, while a lower BLM
will result in more numerous, smaller reservesthé BLM is set to 0, then the
boundary length will have no impact on the solutiéar each different BLM value, it
is necessary to recalibrate the CFPFs for eachecestson target. In our analysis, we
used BLM values of 0, 0.0001, 0.001, 0.01, etc.

Narrative of Our Method in Calibrating CFPFsand BLMs

We began our calibration with a BLM of 0 and CFRétsall 13 targets set
initially at 1. Marxan was run 10 times with 5,0000 iterations. The output files
describing each run (displaying which targets weigsed in the run) and the “sum”
file (displaying the number of missed targets iergwun) were evaluated to judge
the suitability of the CFPF values.

When CFPFs were set at 0.1, no targets were metn\WERPF values were
set at 0.25, 3 of 12 targets (or 3%) were met. NWDEPFs were set at 0.5, 11 of 13
targets were met, and the CFPF values of 1.5 eskiritall our targets being met.

We used the suite of CFPF values of 0.25 as owlibasbecause they
provided sufficient rigor and flexibility in our alysis. We chose a value of 0.25 as
an interval between the next higher CFPF as weskedrfor the optimal values for
each conservation target. We selected the loweBFG/alues that met conservation
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targets. If the CFPF value did not met a particatanservation target at 0.25, then
we added 0.25 and evaluated the effect of a CFRESoRnd so on, until all
conservation targets were met. The final suiteptinoal CFPFs for BLM = 0 at
which all conservation targets were met ranged eetw.5 and 1.75.

Once the optimal CFPFs were determined for each BUktxan was run 100
times with 5,000,000 iterations. This process vegeated for BLMs ranging from 0
to 1. Based on the results of this calibrationysis, we chose a BLM of 0.003 to
use in our Marxan modeling runs. Two criteria wased to select this value. First,
when we plotted cost versus reserve boundary Ieiogth variety of trial BLMs
between 0 and 1, a BLM of 0.003 resulted in thellestaarea under the curve,
implying the best trade-off between cost and bomntingth. Additionally, Marxan
runs using BLM=0.003 produced solutions that weneststent with the SAT’s
recommendations for MPA size and spacing.

Step by Step Method:
Set your parameters:
- Set the BLM value to zero or any other value usedetermine an optimal BLM.
- Set the desired number of iterations. In this asia)ywe used 5,000,000 iterations.
- Set a number of runs. The more runs set, the méoemation obtained on how
well the solutions meet conservation targets.
0 50-100 runs will provide a rough estimate of howlwargets are met.
o0 The optimal BLM value depends on the length of tioreruns and the
level of accuracy needed in the analysis.
0 We used 100 runs in an analysis that took a ligier 4 minutes.

Calibrate CFPF values:

We used a calibration to find a suite of CFPF valioe which all targets are met with
the lowest CFPF values possible. We identified C#&lEes when 90% of the
solutions (runs) met their targets. The rationslexplained above in the conservation
feature penalty factor (CFPF) section.

* Begin by setting all CFPF values to 1.

» First, if some targets are not met, increase aPEfalues uniformly until all

targets are met.

* The goal is to find a uniform CFPF value just hegiough that all targets are
met. This uniform CFPF value will provide a rangethe upper bound of
CFPF values needed to meet all targets. Howeveamnwaljustments are made
to reduce some CFPF values, the value of othersimsagase and even may
exceed the estimated upper bound CFPF value. Tipegelof finding the
upper bound is to determine the approximate rah@+&F values for a
particular analysis.
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Second, set CFPF values collectively to a relatil@h uniform CFPF value for
which only a few targets are met. This is the Iol@und of the range of suitable
CFPF values for the analysis. Setting the lowemlds a judgment call based on
the user’s level of comfort with the results. Frample with a uniform CFPF of

1 we met all our targets in this analysis. Thenchese to use a value of 0.25 as a
baseline at which only a few targets (3%) were met.

Third, use the upper and lower bounds to detertfieencrement by which the
CFPF values will be increased to explore the raniges increment used is a
judgment call that reflects the level of desire€eigsion and the amount of time
available for calibration.

* We recommend using an increment that allows evialuatf 5-20 different
CFPF values between the upper and lower bound.ntitmder of values
selected depends on the desired level of precaidnavailable time for
calibration.

* For example, with an upper bound of 100 and a Idweind of 10, a user
could select increments of 5, 10, or 20 when calibg the CFPF values.

» For our project we had an upper bound of CFPF=4artsDa lower bound of
CFPF=0.25. We used a CFPF increment of 0.25.

Calibration may begin once upper and lower bouadd,an increment have been
chosen.

Begin with the lower bound for the CFPF value. &btargets that were met,

retain the lower bound CFPF. For targets that wetemet, increase the CFPF by

the chosen increment. For example, for all tartfetswere not met with our

lower bound CFPF of 0.25, we increased the CFPlevViar those unmet targets

by an increment of 0.25 to yield a CFPF of 0.50dbunmet targets.

* Run Marxan with a suite of CFPF values.

* Open the summary file.

» ldentify runs that have unmet targets.

* Examine the details of the runs for which thereenmissing targets.

» Assess which targets are not met for all runs witinet targets and increase
the CFPF values for unmet targets using the preWaletermined increment.

Continue this process until the suite of CFPF valgenerate solutions that meet
conservation targets in at least 90% (or otheistiokl) of the runs.

This set will be the calibrated CFPF values
Example: CFPF Calibration for 34% Biophysical Anagys:

CFPFs for BLM = 0.003
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Conservation Targets all set at 34% for Biophysfaalysis

Number| CFPF | Conservation Feature

1 1.5 Intertidal_Sandy Beach_ North

2 1.5 Intertidal_Sandy Beach_South

3 0.5 Intertidal_Sandy Beach_Farallon
4 0.75 Intertidal_Rock_Shores_North

5 1.0 Intertidal_Rock Shores_South

6 1.75 Intertidal_Rock Shores_Farallon
7 1.5 Intertidal_Coastal_Marsh_North
8 1.5 Intertidal_Coastal_Marsh_South
9 1.25 Intertidal_Tidal Flat North

10 1.5 Intertidal_Tidal Flat South

11 1.00 Surfgrass_North

12 0.5 Surfgrass_South

13 0.5 Surfgrass_Farallon

14 0.5 Eelgrass_North

15 1.5 Eelgrass_South

16 0.5 Estuaries_North

17 0.5 Estuaries_South

18 0.5 Soft_Bottom_Nearshore North
19 0.75 Soft_Bottom_Nearshore South
20 0.5 Soft_Bottom_Nearshore Farallon
21 0.5 Soft Bottom_Shelf | North

22 0.5 Soft_Bottom_Shelf | South

23 0.5 Soft_Bottom_Shelf | Farallon
24 0.5 Hard_Bottom_Nearshore North
25 0.75 Hard_Bottom_Nearshore South
26 0.75 Hard_Bottom_Nearshore_ Farallon
27 0.5 Hard_Bottom_Shelf | North

28 1.5 Hard_Bottom_Shelf | South

29 1.5 Hard_Bottom_Shelf | Farallon
30 0.75 Kelp_Average North

31 0.75 Kelp_Average South

Finding the optimal BLM:

Once the suite of CFPF values is estimated for BL®) run Marxan and record the
cost and boundary length of the best solution. @aetcalibrating the CFPF values
for each BLM value and record the cost and bountiargth of the best solution.
The most efficient BLM will minimize cost and bouarg length. This ensures that

solutions are clumped as much as possible at #s¢ ¢est.

Step by Step Method:
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- First, run Marxan with a BLM = 0 with calibrated EFs.
o Record the cost and boundary length of the beatisal
- Then, set the BLM = 1 and recalibrate a suite oPENFalues. Run Marxan with a
BLM = 1.
o0 Record the cost and boundary length of the bestisal
- Add the values of the individual boundary lengthd aosts to each other.
o This is the called the “total cost”.
- The optimal BLM will have the smallest “total cdsneaning it will have
minimal cost and minimal boundary length.
- Begin to run Marxan with several different BLMs amdord their costs and
boundary lengths associated with the best solution.
o A few good ones to try are: BLM = 0.0001, 0.00D010.0.10
- Attempt to isolate the most efficient BLM based“total cost.”
- The most efficient BLM will be reached at the srastl“total cost.”

Step 3: Optimizethe number of runs
By increasing the number of runs, we increase tmeler of chances Marxan has in
generating a better solution.

Runs are attempts by Marxan to create a solutiamehsing the number of runs
increases your chances that Marxan will find adsétiest” solution. There is no
prescribed threshold to indicate when increasiegiimber of runs becomes
ineffective or inefficient.

The limiting factor is available time for the ansily. Marxan could explore a single
analysis for a few seconds or minutes, an houven €4 hours if the number of runs
is set high enough. For a particularly complex gsia] Marxan could find the “near
optimal” best solution in the first hour or the"2dour. There are a huge number of
possible combinations of planning units that cdagdcombined to create a solution.
The more runs conducted, the greater the chanagsnefrating a “better” best
solution.

The number of runs should be determined by how ntinoh is available for running
Marxan. The number of runs should be large endogibtain a good set of “best”
solutions. One option is to select the best 1000800 or more solutions.

For example, in our analyses we used 1,000 runsised the top 100 best runs to
analyze, ensuring that we only used the best solsiti
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Appendix C: North Central Coast Regional
Stakeholder Goals and Objectives

Goal 1. To protect the natural diversity and abuntze of marine life, and the
structure, function, and integrity of marine ecosgsns.

1. Protect/Include areas of high species divegsity maintain species diversity and
abundance, consistent with natural fluctuationgagulations in representative
habitats[Question for SAT: does the SAT have comments erréispective
measurability of these alternate terms (objectivasd 2)?]

2. Protect/Include areas with diverse habitat typedose proximity to each other.

3. Protect natural size and age structure and igesheersity of populations in
representative habitats.

4. Protect natural trophic structure and food wiabgpresentative habitats.

5. Protect ecosystem structure, function, integaitgl ecological processes to
facilitate recovery of natural communities fromtdibances both natural and human
induced.

Goal 2. To help sustain, conserve, and protect mariife populations, including
those of economic value, and rebuild those that depleted.

1. Help protect and/or rebuild populations of rdheeatened, endangered, depleted,
or overfished species, where identified, and tHathts and ecosystem functions
upon which they rely.

2. Sustain or increase reproductive capacity ofisgemost likely to benefit from
MPAs through retention of large, mature individyg@otection of larval source
areas, and/or protection of breeding, foragingraaging areas.

3. Protect selected species and the habitats arhwiey depend while allowing the
commercial and/or recreational harvest of migratbrghly mobile, or other species
where appropriate through the use of state maonservation areas and state marine
parks.
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Goal 3. To improve recreational, educational, anidy opportunities provided by
marine ecosystems that are subject to minimal hunthsturbances, and to manage
these uses in a manner consistent with protectingdiversity.

1. Ensure some MPAs are close to population centeestal access points, and/or
research and education institutions and includasaoé educational and
nonconsumptive recreational and cultural use.

2. Protect or enhance cultural and recreational egpees, including collecting and
recreational fishing, by .[science team, craft something measurable — inotudi
minimal human disturbances]

3. To enhance the likelihood of scientifically whétudies, replicate appropriate MPA
designations, habitats or control areas (includiregs open to fishing) to the extent
possible.

4. Develop collaborative scientific monitoring amgearch projects evaluating MPAs
that link with fisheries management information aigeclassroom science curricula,
volunteer dive programs, and fishermen, and idgpirticipants.

Goal 4. To protect marine natural heritage, inclutlj protection of representative
and unique marine life habitats in north central Gifornia waters, for their
intrinsic value.

1. Include within MPAs the following habitat typesstuaries and other habitats
identified by the MLPA science advisory team agjurito the north central coast
study region[Comment: the SAT will discuss this i next meeting.]

2. Include, and replicate to the extent possildprasentatives of all marine habitats
identified in the MLPA or th&€alifornia MLPA Master Plan for Marine Protected
Areasacross a range of depths.

Goal 5. To ensure that north central California’s RIAs have clearly defined
objectives, effective management measures, and adgenforcement, and are
based on sound scientific guidelines.

1. Minimize negative socio-economic impacts andme positive socio-economic
impacts for all users, to the extent possible,idndnsistent with the Marine Life
Protection Act and its goals and guidelines.

2. For all MPAs in the region involve interestedtjgs to; develop objectives, a long-
term monitoring plan that includes standardizeddgjizcal and socioeconomic
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monitoring protocols, and a strategy for MPA evélug and ensure that each MPA
objective is linked to one or more regional objees.

3. To the extent possible, effectively use sciengfiidelines in the&alifornia MLPA
Master Plan for Marine Protected Areas

Goal 6. To ensure that the north central coast’'s MP are designed and managed,
to the extent possible, as a component of a statlewietwork.

1. Develop a process to inform adaptive managethahincludes stakeholder
involvement for regional review and evaluation aimagement effectiveness to
determine if regional MPAs are an effective compurtd a statewide network.

2. Develop a mechanism to coordinate with futurePALregional stakeholder groups

in other regions to ensure that the statewide MB#vark meets the goals of the
MLPA.
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