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FOREWORD

I ntroduction

In 1999 Gvernor Gray Davis signad the Marine Life Protection Act into Californialaw.
Legidative declarations(2851. Legidative Findingsand Declarations) found, n pat, tha (c)
Qroastal development, polutionand oher human activities threaten the heslth of merine habitat
and the biological diversity of CdiforniaOscean waters.O(f)Marine life reserves are an
essential element of an MPA system because they protect habitat and ecosystems, conserve
biological diversity, provide a sanctuary for fish and oher sealife, enhance recreationd and
educationd oppotunities, provide a reference point agang which sientists can measure
changes dsewhere in the marine environment, and may hep rebuild depleted fisheries.OFurther,
(d)3ish are asugtainable resource and fishing is an important community asset. MPAs and
sound fishery management are complementary comporents of acomprehensve effort to sugain
marine habitats and fisheries.O

[Therefore], (h) G is necessary to modify the existing llection of MPAs to

enauretha they are designed and managed accordingto dear, conservation-based gods

and guddines tha take full advantage of the multiple ben€fits that can be deived from the
establishment of marinelife reserves.O

Theintent of the MLPA was to implement a Marine Life Protection Rogram, includng a
statewide network of marine pratected areas (MPAS). The MLPA identified aset of gods for the
Marine Life Protection Rogran induding:

congervation of hological diversity and the hedlth of marine ecosystems; recovery of wildlife
popuktions improving recreationd and educational opporunities congstent with biodiversity
congervation; protection of representative and unguehabitats for ther intringc vaue; ensuring
tha MPAs have defined oljectives, effective management and enforcement, and ae designed

on ound sience; and ensuringthat MPAs are managed, to theextent possible, as anetwork.
The MLPA required an Omproved marinelife reserve component; provisionsfor monitoring and
adaptive management; and aprocess for the establishment, modification or dadishment of
existing or fuure nev MPAs. Further, the MLPA called for the use of (best readily available
scienceOin designing and managing MPAs.

In Augug 2004, he Cdifornia Resources Agency, Cdifornia Department of Fish and Game
(DFG) and Resouraes Legacy Fund Foundition (RLFF) launched an unpecedented public-
private partnership to implement the MLPA, dter two earlier attempts had failed, the last atempt
curtailed by DFG budge cuts. In this renewed efort, called the MLPA Initiative, RLFF-
contracted gaff created a master plan framework to guide the pubiic process, induding gecific
scientific guidelines on MPA design; established a Science Advisory Team (SAT) to develop the
science advice, based onthe MLPA; convened aBlue Ribbon Task Force to provde policy
advice; and appointed aregiond stakeholder group b develop dternative MPA proposls,
beginning with an initial central coast sudy region.



Rationale for this Peer Review

As noted above the MLPA declares tha MPAs and sund fishery management are
Qomplementary componeitsOof comprehensve efforts to sustain marine habitats and fisheries.
The MLPA dso requires the use of (est readily available scienceQin designing and managing
MPAs. However, the science advice provded in the MLPA master plan framework was
deficient in at least three major aspects:
¥ |t failed to consder other impacts to marine resources besides fishing (i.e. climatic
variability, nonpant source pdlution, mastal development impacts on habitat etc.), and
indead focused orly on restricting fisheries.
¥ It failed to condder the ecosystem bendfits of existing fishery management and faled to
integrate existing fishery regulationsand restrictionsinto its MPA sze and acing
guiddines and andysis of MPA proposis.
¥ Moreover, CFC members with practical at-sea experience had sriousdoubs abou
Qcorched erthOlarval trangort theory, as well as the assumption tat fishery
management was non-existent (or ineffective) outside MPAS, and desired that the
science advice be given independent scientific scrutiny.

In light of those omissions and because the MPA network proposls developed through he
MLPA Initiative progess pos potentially ruinoussocio-economic impects to central coast
fisheries, ocean havesters and aastal communities, the California Fisheries Codition (CFC), a
group of norethan 20 @ean-dependent assodationsand busnesses representing thousandsof
fishermen, safood pracessors, abdone aguaculturists and dlied indugries, ponred this peer
review of the MLPA science advice.

The purpog of this review isto evaluate the science advice in rdationdhip to the gaals and
provisionsof the MLPA, with gecific congderation ofthe ecosystem contributionsof existing
fishery management, as well as MLPA requirements for monitoring and adaptive management.
In short, the objective of this peer review isto couple MPA scienceto adaptive fishery
management.

The peer reviewers were contracted to perform the following tasks:

[1] Review master plan framework science advice relative to its assumptions best available science and
MarineLife Protection Act gods:
An MPA network covering all habitats mus indude both State and Federal waters. Assess
habitats expected to achieve fundioning MPA networks if only State waters are involved.

[2] Review existing state and federal fishery management regulationsrelative to achieving MLPA gods
Fishery management review shdl indudethefollowing:

¥ a Therdativelifetime fecundity (LTF) tha is used by both the Coundl andthe
SAT. Thiswill allow acomparison of the Coundls standads of 40-65% of
lifetime fecundity to the 0-35% used by the SAT.

¥ b. Thehistorical and recent fishing gear limitations, induding existing closed
areas (examples: seasonal and year-roundRockfish Congervation Area, Cowcod
Consrvation Area, Essentia Fish Habitat area designaions no-trawl zones, no
gillnet areas etc.) should be described for several habitats and species groups
with emphasis on the expected lifetime fecundity that would be expected in
important species groupsgiven present fishery management. (This would
probably be done by showing LTFs that occurred during the decline of key
species (selected to show a range of habitats) vs. those that are expected with
current management.)
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[3] Review SAT modding and andysis to assess the effects of larval dispersal and juvenile and adult
movement on the expected performance of MPAs in maintaining popubtionsingde and outside of MPAs.
This conaept should be developed and used to demondrate the strengths and weaknesses of MPAs for
maintaining popuktionsof exploited species and healthy ecosystemsindde and outside of MPAS.

[4] Review SAT andysis of Package 1, 2R and 3R network proposls relative to meeting science advice
and achieving gods and objectives of MLPA and central coast study region.

[5] Review the SAT size, spacing and protection levels relative to maintaining the diversity and
abundance of marine organisms.

This review addresses thefollowing quetions

¥
¥
¥
¥

¥

How well validated are the SAT assumptionsand is there broad scientific consenaus tha
these assumptions are reasonable - or "best available science”

What is the degree of uncertainty in the assumptions

Are there other explanaionstha address the same purpog?

What is the appropriete mix of MPAs necessary to echieve the gods of the MLPA,
congdering eisting fishery management in Cdifornia.

Assess whether the gods of MLPA are more effectively achievable, with lesser socio-
econormic impact, through MPAs or traditiond or new fishery management tools.

Submitted by: Trustees for the California Fisheries Coalition

Reviewers:  Ray Hilborn, $hool of Aquaic & Fishery Sciences, University of Washington

Richard Parrish, NOAA Fisheries PFEL, retired
Cal J. Walters, Hsheries Centre, University of British Columbia

Sponsor: Cdifornia Fisheries Codition
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PEER REVIEW OF
CALIFORNIA MARINE LIFE PROTECTION ACT (MLPA)

SCIENCE ADVICE
AND MPA NETWORK PROPOSALS



1. EXECUTIVE SUMMARY

As reviewers of the science advice developed from the goals and requirements of the Marine
Life Protection Act (MLPA), and given the additiond task to review and comment on the
contributions of fishery management toward maintaining marine popukbtions ecosystem
function and biologica diversity, we take our primary role, objective and patential bendfit to
the process to provide advice on the best available science, integrating (largdy theoretical)
MPA science into existing fishery management. In tha context we view ourslves as
troubleshooters of possible pitfalls and gaps in the process, and how adgptive management
plans could beimproved to deal with those pitfalls.

Summary comments on the goals of the MLPA

The first patential pitfall is the GuzzyOlanguage of the MLPA itself. The MLPA simply
mandaes protecting marine biodiversity and ecosystem function; ensuring that MPAs are
designad on soundscience; and ensuring tha MPAs are managed, to the extent possible, asa
network. The MLPA also specifies that the Marine Life Protection Program shdl include in
addition: provisions for monitoring, research, and evaluaion at selected sites to facilitate
adaptive management of MPAs and ensure tha the system meets the progamOsstated gods;
and a process for the establishment, modification, or abdishment of existing MPAS or new
MPAs established purauant to this progam. The dichotomy between reserves to protect
biodiversity and the mandae for adaptive management was reflected in the master plan
framework statement, noting the distinction between fishery management closures, which
function as Qle factoO MPAs, and designaed MPAs. the former could be reduced or
abolished based on recovery of marine species, while the latter would be pemanentQ
abolished only if they failed to achieve biodiversity and habitat protection. In reality, a
corngstoneof adaptive management is change

The MLPA statute provided no explicit guidance to address the G5L OSSO (single large or
several small) MPA debate, but suggested tha decisonson size and placement be made by a
master plan team and regulatory agencies, with the involvement of sakeholders. The science
guidance provided by the MLPA Initiative Science Advisory Team (SAT) clearly favored the
SS (several smadl) appraach in itsinterpretation of the law. The SAT advice produed a very
extengve network of MPAs in each of the MPA neawork proposls, with a heavy emphasis
on narshorerodky habitat protected in marine reserves.

MPA proponets have commented tha marine reserves, and in this case the MLPA, are
largdy intended to protect intact ecosystem fundions and biodiversity, and are Qhot about
fi shery management.O However, MPAs and MPA networks certainly affect and are affected
by fisheries and fisheries management. In fact, Qle factoO MPAs such as the Rodkfish
Congervation Area have been utilized successfully in fishery management and also achieve
MLPA gods such as restoring stocks of concern and protecting benthic habitat. Resulting
from precautionay Qecosystem-basedO fishery regulations enforced by both State and
Federal fishery management agendes in recent years, there is now no evidence that current
fishing pratices upset the Oatural Obiological diversity of the marine ecosystem.
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Further, the perception that rocky bottom fishes are presently ovefished is incorrect. The
SAT appaently did not consgde or serioudy undeestimated the conservation bendits
afforded by aeas protected by nmeasures other than restrictive MPAS, or marinereserves. For
many species, especialy those with wide dispersal paterns the other forms of protection
(e.g. existing fishery management measures) are much more effective than MPA status For
example, the enactment of MPAs will have little effect on the annud take or abundance of
mog groundfshes because ther management indudes the use of annud quotas. Therefore
the annud take for these species will be the same with or withou MPAS; but MPAs will
determine where thefish ae taken.

Summary comments on the MLPA science advice

The MLPA master plan framework science advice can bedivided into discrete components:
1. Types of habitat toindude in MPAs

¥ The SAT advice greatly expanded specified MLPA habitat types, developing
20 habitats, and further required three to five replicates of each habitat in
reserve. This increase undoubeédly contributed to the large number of MPASs
(29-31) in each ofthe network packages.

¥ The extendve use of headlands in Package 2R and 3R, in an attempt to
capture upwelling centers, could be courterprodudive for species with larval
stages exceeding 10-15 days because these areas have extensve offshorejets
tha entrain larvae far offshoreas a result of the Ekman siral.

2. Size and distance between MPAs

¥ The MLPA science advice recommended a collection of quantitative
prescriptions about size and spacing of MPAs. It appears to us tha those
prescriptions were pulled out of the air, based on intuitive reasoning about
larval trangportand ault movement distances.

¥ Rdying on intuitive assessments is ingpproprate when the mathematical
machinery is readily available to integrae key popuktion dynamics factors
We usad mathematical modds to calculate the consequences of the size and
spacing and found that all propod paterns of MPAs generally have little
impact because of their small sze and the relatively high mobility of adults.

3. Levelsof proection provided by diferent types of MPAs
¥ Latein the stakeholder proaess, the SAT devised protection levels to evaluae
protection benefits of MPA proposls. This classification system resulted in
four protection levels:. Qho takeOSMR; SMCA-high; SMCA-modeate, and
SMCA-low. No-trawl zones, such as the RCA and groundfsh EFH areas,
were graded as (BMCA-lowOand notandyzed.
¥ Tothecontrary, no-trawl areas offer protection to benthic habitat and species,
the reason why hundrels of squae miles in State waters and hundreals of
thousnds of square miles in Federal waters have been designated as Qho-
trawlOzones and groundfsh essential fish habitat.
¥ TheSAT did notquantify the protection provided by diferent types of MPASs.
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4. Evauaion of MPA proposis agang criteria established in the preceding three steps
¥ We found no &idence tha any auch evaluation was conduded, beyond smple
calculationsof percentage of area pratected. Such calculationscanna be used
as direct predictors of popuktion and community responss ove highly
variable life histories.

5. Speciesto benefit list
¥ Asmandaed by the MLPA, the SAT developel two lists of species thoughtto
bendfit from MPAs. Thevalue of these lists is minimal because there was no
attempt to quantify potential benefits to individud species.

We foundit impossible to evaluae MPA design criteria withou a quantitative evaluation of
adult and larval movement and popuktion dynamics. We built two modds of these
dynamics and ued them in our evaluaions.

Our primary finding regarding the SAT size and spacing guidelines is tha the scale of adult
dispersal compared to the recommended MPA placement formula is such tha only species
tha are highly sedentary as adults will see significant increases in abundance ingde MPAs.
Even movements of a mile or two per year precludedevelopment of much higha biomasses
ingde of reserves.

Further, we found the SAT assumption tha the propo®d neworks would be biologically
connected by larval dispersal to be illusory; only a small fraction of larvae leaving one
reserve would arrive in another reserve in reserves of this size and spacing. MLPA findings
speak to correcting the illuson of protection provided by the existing statewide system of
MPAs. Yet the science guidance adopied as (hest readily available scienceO appears to
recommend noving fram oneilluson o another.

It appears the SAT implicitly assumed that there will be no fish outside of reserves, i.e. no
effective management besides that offered by the reserve nework. We believe this
assumption is deeply incorrect; the primary determinant of the status of fish stocks and the
health of the marine ecosystems will be the catch regulationsimposed by State and Federal
agendes, paticularly in relation to biological diversity and marine ecosystem function,
which depend subgantially on species too mobile to be protected by reserves. The current
patern of State and Federal closures, gear restrictions limited entry and catch redudions
imposed aongthe Cdifornia coast will be far moreimportant than any of the propsed MPA
plans

Conclusions
We compared the MPA network packages by employing popukbtion dynamics modds tha
account for spaial organization in recruitment, dispersal and havest impacts, udng

popuktion parameters for arange of gecies with different movement paterns. Based on his
gquantitative andysis we conduded:
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=

Packages 1, 2R &ad 3R provile very amilar results for most pecies;

2. Anything close to (haurd O abundances insgde MPAs would only be achieved for
highly sedentary species (like abdone);

3. For al but the mogs sedentary species, postive impacts of the MPAs will be trivial

compared to impacts expected from current management measures aimed at meeting

low target fishing nmortality rates.

For al the model tests, we found the mog critical parameters not to be larva dispersal
distances, but rather (1) adult movement rates, since these create dispersal imbalances that
can extend well into MPAS, even for low movement distances on the orde of onemile pe
year; and (2) compensatory changes in pod-settlement juvenile survival rates, which
determine the larval settlement necessary for adequae recruitment to both MPAs and areas
still open to fishing.

We found tha all of the propogd MPA network designs will have similar bendfits with
respect to stock status, cultural protection and recreationd and educationd opporunities, as
well as protection of uniquehabitats such as estuaries and kelp beds However, the packages
differed significantly in ther econamic impacts, with Package 1 having the lowest impact,
Package 2R the highest, and Package 3R dosest to Package 2R.

Ecosystem-based management, a stated god of CdiforniaOsmarine protection policies
ogensgbly including the MLPA, requires a provision for adaptive management (AM), but to
dae this MLPA process has not heeded past lessons from AM planning. It is well
undestood that direct inpu, thoroughsocio-economic evaluaion and supportfrom affected
stakeholders are essential to insure the success of MPA prograns. The SATOdfailure to
consder displaced fishing effort, in addition to the absence of a thoroughsodo-econonic
assessment of impacts to fishing communities, are examples of the MLPA InitiativeOdailure
to achieve ecosystem-based management through his MPA program.

It isimportant to undestand tha there islittle empirical evidence in the northern hemisphae
to verify tha marine reserves are the panacea that many have claimed. Such research is
needed, and we recommend tha the Fish and Game Department and Conmission:

1. Implement a phased MPA network designed with avariety of MPA sizes and with an
adequae longterm monitoring plan and sufficient resouraes to test MPA theories.

2. The fact that the baselines at long-established MPAs have not been reassessed after
they had been in place for 12 years should stand out as a caution for this attempt to
establish a monitoring program for the 29-31 MPASs propcsed in the MLPA Initiative
stakeholder packages. At a minimum, the Big Creek (and Punta Gordg baseline
should beresurveyed before any permanent monitoring progran is designed.

3. Incorporde our AM and monitoring recommenddionsin the Adaptive Management
and Monitoring and Evaluation Framework and adopt this framework as the
overarching monitoring / AM policy for al MPAs in Cdifornia, induding the
Channd Islandsas well as future MPA neworkson the mainland wast. (See Section 4.)
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4. Recognize that there is little chance that State-implemented MPAs will contribute
significantly to the maintenance of marine ecosystem function; the function of these
ecosystems is largely determined by highly mobile species that will be totally
undfected by MPAs. Only widespread, effective fisheries management will insure
maintenance and restoratiion of ecosystem function.

We conaur with other reviewers who recommend tha marine reserves and other protected
areas should be integrated with existing and emerging management measures as pat of a
coherent ecosystem-based approach to management of commercial and recreationd fisheries,
and should not simply be layered on top of existing regulations As other reviewers have
found, the sze and placement of MPAs are ultimately a policy decison.

The last word

The MLPA declares tha MPAs and sound fisher'y management are QGzomplementary
componetsOof comprehendve efforts to susain marine habitats and fisheries. The MLPA
also requires the use of Qpest readily available scienceOin designing and managing MPAs.
Our andyses demondrate tha the MLPA science advice fails to meet both requirements. It
cannot be stated that the best readily available science was utilized when no quantitative
evaluaion of the impact of bath adult and larval movement on popuktion dynamics was
done Further, the SAT did not consder or evaluae existing fishery management, nor the
contribution of fishery management to achieve ecosystem protection and fulfill biodiversity
gods of the MLPA.
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2. Introduction

This review was commissional by the Cdifornia Fisheries Codition o provde an
independent evaluaion of te science guidance of the Marine Life Protection Act. Our
proaess was initialy for each of usto indegpendently review the primary doauments
assodated with themaster plan framework and the Science Advisory Team (SAT) advice
(Appendix C). After thisinitial review it became dear tha it would beimpossible to evaluae
either the science advice or the consequences of dternative planson thetable without a
gquantitative modd of the system. Two of us (Walters and Hlborn) independeantly developed
popuktion dyramics modds of the central Cdifornia coastline, usngthe sandard fisheries
modds commonly used in the publshed literature on MPASs butwith paticular emphasis on
accouning for dispersal movements of older animals and applying fishing mortality rates
based on wrrent fishery management reguations These modds will provide much of the
basis for our @mments bdow.

3. The nature of the “Science Advice”

To undestand the science advice we mug first refer back to the gods of the Marine Life
Protection Act.

3.1. Goals of the MLPA

From the MLPA datute, the gods of the MLPA are:

1. To protect the naural diversity and abundance of marine life, and the structure,
function, andintegrity of marine ecosystems.

2. To hdp sudain, conserve, and protect marine life popdations induding those of
econoric value, and rebuild those tha are depleted.

3. To improwe recreationd, educationd, and study opporunities provided by marine
ecosystems tha are subject to minimal human disturbance, and to manage these uses
in amanner congstent with proecting biodiversity.

4. To protect marine natural heritage, including protection of representative and unique
marinelife habitats in Cdifornia waters for ther intrindc value

5. To enaure tha Cdifornids MPAs have clearly defined objectives, effective
management measures, and adequae enforcement, and are based on sound scientific
guiddines.

6. To enaure tha the gate's MPAs are designed and managed, to the extent possible, as a
network.

Measurable objectives for each of these gods were developed by regiond stakehadders and
adopted by aBlue RibbonTask Force.

3.2. Elements of the science advice

The MLPA process has been longand complex, as has the interaction letween legidation,
variouscommittees and task forces. There is no sngle doaument tha provides the sum total
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of the science advice. Much of theinitial science advice was incorporated into the master
plan framework adoptd by he Fish and Game Conmission; however, further changes to the
science advice developed duing evauaion of neéwork packages. These additions such as
protection levels within conservation aeas, are now propo®d for adoption into the master
plan framework.

The MLPA statute mandated tha the best Qeadily available scienceO be employed and
provided guidance as follows:

Sec. 2856 (a)(2)

(2) Themaster plan shdl indudeall of thefollowing components:

(A) Recommendaionsfor the extent and types of habitat tha should be represented
inthe MPA system andin marinelife reserves. Habitat types described on mapsshdl
indude to the extent possible usng existing information, rocky reefs, intertida zones,
sandy or soft ocean bottoms, undewater pinnacles, sea mounts, kelp forests,
submarine canyons and seagrass beds

Sec. 2857(c)

(c) Thepreferred siting dterndive shdl indudeMPA neworks with an improved marinelife
reserve componant, and shdl be designed according to each of thefollowing guiddines:

(1) Each MPA shdl have identified gods and objectives. Individud MPAs may serve

varied primary purposes while collectively achieving the overall gods and guiddines of

this chapter.

(2) Marinelifereservesin each bioregion shdl encompass a representative variety of

marine habitat types and communities, across arange of depthsand environmental
conditions

(3) Similar types of marine habitats and communities shdl bereplicated, to the extent
possible, in more than onemarinelife reserve in each biogeographical region.

(4) Marinelifereserves shdl bedesigned, to theextent practicable, to ensure tha

activities tha up<t the naural ecological fundions of the areaare avoided.

(5) TheMPA network and individud MPAs shdl be of adequae size, number, type of
protection, and location to ensure tha each MPA meets its objectives and tha the network as a whole
meets the gods and guiddines of this chapter.

The science advice can be broken into discrete components:
Science Advice #1: ecification of he types of habitat to bepraected.

Science Advice #2 specification of the approprete size and distance between protected
areas

Science Advice #3: evauding of the levels of protection provided by alterndive types of
protected aeas

Science Advice #4: evdudion of each of the propogd (plansO againg the criteria
established in the preceding three steps

Science Advice #5. evaluation of the species to bendfit list developed by the SAT.

Our evaluaion will look & each of these types of science advice.
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4. Specific analysis of science advice

4.1. Science Advice #1: specification of the types of habitat to include
in protected areas

The MLPA identified @ght habitat types: rocky reefs, intertidal zones, sandy or ft bottoms,
undewater pinnacles, ssamourts, kdp forests, submarine canyonsand seagrass beds.  The
SAT interpreted the MLPA specifi cation of habitats in an expansve manne, developing 20
habitat types from the eight types itemized in datute. The SAT removed the seamount habitat
because noneoccur in date waters. Hve of the alongsore habitats were measured in linear
miles and the remaining 15 hbitats were measured in area (i.e. 9. m.)

The MLPA specified that smilar types of marine habitats shdl be replicated in more than
onemarine life reserve in each biogeogragphical region. Baed onrecommendationsfrom
the Blue Ribbon Task Force and Department of Hsh and Game, it was established that the
northern bioregion extendsfrom Point Conceptionto the Oregon bader.

Thelarge increase in habitat types undoulbedly contributed to the large number of MPASIn
each of the packages, as replicates were required for each habitat type, and the gpacing
guiddines were gpplied to each replicate habitat type. Midway through he MLPA Initiative
proaess, the SAT redlized tha the spacing guiddines could notbe applied to the Sx
deepwater habitats dueto the fact that theshdf break seldom occurswithin date waters.  In
addition, for @t of the stakehdder MPA negotiations three oceanogrghic-based habitats
were induded on te habitat list: freshwater plumes, larval retention areas and upwelling
centers. Thefirst two were quickly dropped by the SAT, butupwelling enters remained a
major consideration untl nearly the end ofthe proaess.

Recent andyses describe four upwelling centers in the Cdiforniaregion (oneextending
southward from each of the regionOsngjor pronontories: Cape Mendccino, Roint Arena,
Point Sur and Point Argudlo (Fckett and Schwing in Press, Pickett and Faduan, 20(8). Due
to the doaumented large scale, upwelling centers were findly droppel from the habitat list.
However, this did notoacur unil two of thethree find MPA packages had dready sited most
of the MPAs a major and minor headlands, where upwelling enters were originally
consdered to occur.

Theentire central Cdifornia regionis within the Cdifornia CurrentOsegion of meximum
upwelling (Rarrish, Nelson and Bakun 198); therefore, offshoredispersal and loss of peagic
larvae is of paticular importance for benthic species. We nate that the extensve use of
major headland areas (i.e. Point Sur) for MPAs could becounterprodudive for species with
peagic larval stages exceeding 1815 days because these areas have extensve offshore jets
which entrain nearshorewaters far offshore.

Oneway to achieve a bdanced network would beto includeroughy equal percentages of
common haitats; rather than take this approach the SAT favored placing MPAs in shdlow
rocky botom habitats. The stated reasons induded the idea that these habitats have high
species diversity, high produgivity and kecause fishes that live in these habitats were
congdered by meto bemore susceptible to ovaexploitation. Theimpression that some
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habitats are more deserving of proection,and the fact that no nunerical guddines (or
empirical data) were available to deermine how much areain reserve is enough, esulted in
the gakehdders placing 36100% ofmany habitatsin MPAs.  Alterationsof this magnitude
will cause severe changes in the distribution of fishing dfort. If such an extenave MPA
system were implemented, it is likely tha fisheries would notbe sugainable on the reduced
habitat area unless additional corrective fishery management actionswere taken.

4.2. Science Advice #2: specification of the appropriate size and
distance between protected areas

The SAT made specific recommendaionsregarding the Sze and acing of reserves. This
advice was based on wo guiding pinaples. FArst, reserves mug belarge enoughto
encompass the nomal movement of adult individuds, s that there is atrue GeserveOeffect.
If reserves aretoo small, then there will be little buld up of dundance within the reserves.
Secondly the distance beween reserves will be determined bylarval dispersal distances. If
reserves are too fa gpart then larvae from onereserve will rarely disperse far enoughto
hetworkOwith the dosest other reserves.

Asthe SAT noted, any gecific MPA design will beacompromise for arangeof different
species. For the pecies of interest, some will have very sedentary adults and larvae, others
will bereasonably sedentary as adults buthave highly dispersive larvae, and sosme will have
both adults andlarvae with large amount of movement.

The SAT provided gudelines on boh sze and distance based onliterature aboutadult
movement and larval dispersal distances. Evidently no quantitative popuation dynanics
modds were used in that evaludion, snce the congruction of such models leadsimmediately
to drong mnecern aboutissues like compensatory mortality of pog-settiement juveniles.
These issues were not highlighted as critical uncertainties in the SAT discussions Itisour
undestanding that Dr. Loo Bosford had worked on sich amodd, bu the modd was not
used in thefinal SAT advice, norin the SAT andysis of MPA proposis.

In an efort to help usundestand the conequences of dternaive MPA designs and o
undestand the SAT MPA design aiteria, we condructed two modds, described in
Appendices A and B. These modds make very sandad assumptionsaboutfisherieslife
history and dispersal, and we undestand these are broadly smilar to themodd Dr. Botsford
was condructing. The models differ in complexity: Appendix A model predicts only
abundance; Appendix B is fully age-structured 0 as to accourt explicitly for effects of
fishing on fators such as mean fecundity. These modds alow usto dé¢ermine wha
predictionsare robug to particular modd assumptions

MLPA planning doaiments, gecifically the science advice incorporaded in the MLPA master
plan framework, have recommended a collection of quantitative prescriptionsabouthow
large MPAs need to beand howthey shoud bespaced along he coast. It gppears to ustha
those prescriptionswere pulled outof theair, based on ntuitive reasoning éou larval
trangport and adult movement distances of variousorganisms. Consdering the subgantial
economc and dal cogs posed by MPA establishment, rdying on sich intuitive
assessments is not gpproprete when the mathematical machinery is readily available to
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integrae key popuation dynanics factorsand proesses into models tha will give at least
some feeling for likely quantitative consequences of variousdynanic rate processes acting
togeher. The best readily available science is the use of quantitative models.

The modds described in Appendices A and B illusrate some of the pitfalls and prolbems of
MPA design discussed below, such as dispersal imbal ance effects on dengty paternsin
MPAs and increased fishing impacts outside the MPAs when fishing dfort is displaced. One
of these modds (Appendix A) is relatively smple, examining only changesin total numbers
of animals. The second (Appendix B) isamuch more detailed age-structured accounting
system, dlowing evaluation ofage-related management pdicies such as changesin sze
limits. Both modds are implemented in oreadsheets that should be relatively easy for
variousCdifornia sakeholders to use for broad comparisonsof howdternative MPA plans
mightimpact species with different life histories. By comparing results from smple versus
detailed models, it is relatively easy to see wha predictionsare robug to the deails of modd
formulation.

From the results of our nodeling, and indeed dmog al other MPA modds that have been
published, we find vey little basis for the specific MPA sze and dstance criteriathe SAT
developad. Worse, the modding results indicate a strong posibility of aQvin-loseOoutcome
for nonconsumptive versus consumptive users, dueto reduced fishery yields compared to
wha could beoltained with effective fishery management.

As our nodds show, given the average distances moved by adults, Gagging sudesindicate
tha net movements of many of CaiforniaOsearshorebotom-dwelling fish ecies,
paticularly reef-associated goecies, ae onthe orde of 520 km(3-12.5m or 2.511 nm) or
less over the course of ayear (MLPA master plan framework page 40)Qthe SAT has grestly
overestimated theamountof buld up of aults within reserves of the sze they
recommended. For agpecies that moves, on average, two miles pea year, with a15%
naturd mortality rate (not paticularly long lived), we expect to see very little adult build-up
within reserves. The gtuation for idf and dopefishes, with highe adult movement rates
than the nearshorefishes, would beexpected to beeven less. Theimplicationsinthe SAT
advice tha these reserves will prodice large, nearly unfished popuktion szesis not
suppored by any quantitative andysis. Thereserves would have to bevery much larger to
achieve dgnificant increases in abuncance within the reserves; this congern was in fact
recognized by the SAT in ther discussions aboutthe SLOSS (single large versus several
small) debate in MPA design, butthe 9ze and $acing recommendaionsfavored the SS sde
of the equdion.

SAT advice regarding theimpact of different spacinglevelsis amilarly not suppored by
quantitative andysis. If theaverage larval dispersal distance is on the orde of 40-100 km,
then only avery amall fraction ofthe larvae dispersing fromoneMPA will randanly land in
another MPA. Thevast mgjority will land outside of other MPAS, thusthese MPAs will not
bewell conrected in any biological sense. It is certainly truethat if the MPAs are too far
apart there will bealmod nolarval connection, butthe quantitative moddling siows that
there isdmodg no popudtionlevel impact of connection. If there istruly no larval
produdion outide of MPAS, then each MPA will effectively be an idand, andtho= larvae
tha do land in other reserves will represent a small fraction of te total dispersal, and will not
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result in naurd levels of recruitment within the MPA unless there is avery strong
compensatory increase in juvenile survival rates after larval settlement.

Fortunaely, under current condtions the majority of larval produdion will come from
outside of MPAs. Even for docks that are currently fished down to 10% of vigin hiomass,
thelarval prodiction that will come into MPAs would represent perhgpsa minimum of 20%
of the maximum posible larval prodiction (usng the spawner recruit assumptionsin the
NOAA stock assessments), s0 even if 20% of the total area was protected, and 2odks rebuilt
to virgin abundance in those areas, the larval produdion fromoutside the reserves would
equd the larval prodwction fram ingdethereserves.

The exceptionsto the above case would accur in vey limited habitats where al of the
Packages placed amod the entire habitat in MPAS (i.e. eelgrass), and limited habitats where
amajority of the areawas placed in MPAS (i.e. coastal marsh, estuary and tide flats). In
addition, Packages 2R and 3Rexceeded the SAT guiddines by placing 3649% of ®vera
nearshorehabitats in MPASs (i.e. roky shordine, surfgrass, average kelp, pesistent kelp and
0-30 mhard botom).

Mog stocks of interest are far above 10%o0f virgin biomass, and unde PFMC rebuilding
plansthese socks are dl rebuldingtoward 40%. Thusthe fundamenta theory of the SAT,
that larval connection between MPAS is essential to meet the objectives of the MLPA, is
flawed boh because the SATOsdvice ondistance dees not provide for real connetion, and
such connection is unneessary because there is sgnificant larval produdion ouside of
reserves.

The entire theoretical basis of etworkingOdisappears when ore resolves to manage fish
stocks outside the reserves to maintain an adequae level of larval produdion, and thusthe
question reverts to aSL OSS debae from the pureconservation perspective.

There are two issues with respect to consrvation:
1. How much aeato pu in reserves?
2. Where to dte them?

Given tha the objectives of the reserves are largdy for proection of bodiversity, moreis

obvioudy beter, butthere is a general trade off of more reserve area negatively impacting
longterm sugainable extraction, and thusthere is really norightanswer, it dependson the
sodieta trade-off between havesting and large protected popuétions

It is obvioudy important to have significant poronsof representative habitats protected,
in wilderness reserves, butsome types of habitats may beQully utilizedQ that is someoneis
fishing them. Thisis where the true conflict occurs and we suggest the following:

First: accept that the amountof area protected in the Qully utilizedOhabitats will beless than
theoveall average; it may be possible to get 50-80% of te habitats that are never fished
protected, butaccept that only 5-10% of wlly utilized habitats are protected.
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Second: identify where thelowest conflict areas will be obvioudy remote and had to
access Steswill cause thelowest conflict, so slect those for praection.

Regarding rderence dtes, the purpo® of reference gtesisto providean idea of the
abundance of fish in theabsence of fishing and 1o provide @ontrolsOon recruitment trends
Given the estimated larval dispersal rates of tens of kilometers, and the fact that in practice
we are notgoingto see any reserves that are much larger than the dispersal rate of larvae, we
doubttha any reserve design will provide controls on recruitment trends there is too much
larval mixing. S again thereisreally norole for neaworking with reference to thisgod. It
also meansthat the main purpogs of reference stes are Smply to get an idea of abundance in
the absence of fishing and pdentially as controls on hanges in adult mortality.

A find seriousflaw inthe SAT advice onthis point is that for mog species, the MPAsIn
state waters will protect only a small fraction of the spavning gock biomass. Achievement
of the gods of the MLPA will belargey determined by fisheries reguationsin federal
waters, yet the SAT advice regarding sze and $acing of reserves took no &count of
existing, pendng and future fisheries regulation.

4.3. Science Advice #3: evaluating of the levels of protection
provided by alternative types of protected areas

Three different classes of MPAs were used in the MLPA process. marine reserves (SMR)
where no keis dlowed, marine paks (SMP) where some or dl recreational take is alowed
but commercial takeis prohbited, and merine conservation areas (SMICA), where some or dl
recreational and ©me commercia takeisadlowed. The MLPA, the master plan framework
and the SAT providevirtudly no gudance regarding the Stuationswhere these different
types of MPAs should beused, and the SAT did notindicate how the several types of MPAs
should beevaluated uncer the SAT guiddines a the beginning of he MPA design process.
Latein the sakeholder process, the SAT devised three protection levels for marine parks and
congervationareas to assist in evaluaing d thereative protection to sdentary benthic
species provided by marine parks and conservation aeas with dffering allowed take.
Particular emphasis was placed on havest of pdagic speciesin waters degper and shdlower
than 50 neters, trap fisheries for crab and spot prawvn, different harvest methodsfor kelp and
power plant intakes and discharges.

This classification g/stem resulted in four protection levels (SMR, SMICA-high, SVICA-
modeate and SMCA-low); however, other than smple ba graphsof the percentagearea in
the differing protctionlevels, the SAT did notprovide any quantitative descriptions of the
protection provided by areas with differing proection levels. For examplethey could have
defined high, modeate and low protection as having dl species a 90%, 70%and 504 of
thar unfished levels. They did na describe how many gecies have to betaken a agiven
level to reduce the protectionlevel classification. Thisfailureto quantify theredudion in
protection o sedentary benthic species caused by fisheries directed a other species makes it
impossible to compare the severa packages whos differences to alarge degree are based on
different pratection levels. In addition, the SAT made no dtempt to quantify the percentage
of an MPA tha was impacted by te protection level. For example, an MPA mighthave a
very low percentage kelp habitat; however, if kelp havest was alowed in this small area, the
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whole MPA outto three miles was assigned the same reduced proection level. Asaresult,
the number of MPAs was increased without any increase in proection. For example, the
severa Point Buchon @nfigurationshave areserve near shoreand a conservation area tha
allows fishing for @lmon, and in some cases dbacore, offshore  Thisis the same protection
tha would ocur with asnge conservation area that allowed fishing for @imon (@nd
albacore) offshoreof some depth or longtudeline. However, due to the undowmented SAT
condraint, the sakeholders were prevented from usng the smpler MPA configurdion to
avoid assigning the lower protection level to the entire MPA. Another condraint was the
statute requirement for replicate (more than ong reserves for each ecified hebitat type.

Assessment of the levels of protection is greatly hampered dueto thefailure of the SAT to
provide any context for their protectionlevels. Thereis no evidence tha the SAT based ther
protection levels on any given fishery management regime; athough o called Osorched
earthOihery management was discussed in SAT meetings Present Pacific Coast groundfish
management is designed to maintain popuation homass above40% ofthe unfished biomass,
and lifetime fecundties are to bemaintained a 40 © 50% of unished levels (degpending on
the species). In thecontext of present fishery management, MPAs that fall within the SATOs
Obw protection dassificationO sould prodice biomass densties of sedentary species tha are
well abovethose presently deemed sudainable. However, the SAT andysis of MPA
packages conddered oy SMR, SMCA-high (slmon fishing only) and SMCA-modeate
(salmon and onecther fishery, for example, silmon and ot prawn). The SAT graded the
o trawlingOareas as SMCA-low and did notcondder the benthic protectionsprovided by
the RCA and groundfsh essential fish héebitat areas, which nowencompass hundrels of
squae milesin Sate waters and hundresof thousndsof square milesin Federal waters
along hewest coast.

4.4. Science Advice #4: evaluation of each of the proposed OMPA
plansOagainst the criteria established in the preceding three steps

We see no evidence that any such evaluation was conduded, beyond $mple and notvery
he pful calculationsof percentages of area protected and degree of praection gforded by
alternative MPA types (reserves, paks, conservation aeas). Such calculationscannot be
used as direct predictors of popubtion and community responss ove highly variable types
of life histories.

To assess the effects of the several packages we developed two gaia models. Thesimpler
modd (described in Appendix A) was run with acongdant habitat array and with avariable
habitat array based on an assumed rdationship with haitat qudity based on te gatial
distribution of fishing &fort on raky bottom.

The congant habitat smulationswere runwith fishing nortality rates based on arrent sock
assessments and with raes gpproximating the rates tha existed in the 1980sand early 1990s
(Figure4.4.1). Theresults from these smulationsshow tha abaone has amodeate increase
in total abundance in comparison to the stuaion with no MPAS; abundance increases and
catch decreases with increasing areain MPAs (Table 4.4.2.).
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Thefishes show remarkably little increase in abundance with any of the MPA neworks,
however, cabezon (which has the least adult movement of the species used) has a amall
increase in abundance and asmall decrease in catches. In the amulationswith fishing

mortalities based on asuccessful fishery management regime, the increases in local

abundanceingde the MPAs is largdy offset by the redudion in local abundance outside of

the MPAs. Abdoneg dueto its very limited dispersal both as larvae and adults, differs from
the other speciesin tha thetotal abundance is consderably highe and the catch considerably

lower with MPAS.

Table4.4.1 Modd paameters used in Smulations

In dl species the aburndance levels are heavily determined bythefishery
management ouside of the MPAs (Figure4.4.1).

Simple model parameters Abalone Widow Lingcod Boccacio Cabezon
rockfish rockfish

Base recruitment (Ro) 1 1 1 1 1
Annual "adult" mortality (M) 0.1 0.125 0.25 0.15 0.3
Fishing mortality rate (F) successful 0.08 0.07 0.25 0.056 0.2
management
Fishing mortality rate (F) unsuccessful 0.2 0.3 0.4 0.3 0.4
management
Adult emigration rate (~mi/yr) 0.01 1 6 6 15
Larvae per adult (k) 100 100 100 100 100
Goodyear compensation ratio (K) 3 20 10 4 10
Larval transport distance parameter 0.3 40 15 45 15

(S)

Figure4.4.1. (on pge 22)

Predicted equilibrium patterns of rdative abundance for a selection of indicator gecies,

calculated usng the spatial model with congant habitat described in Appendix A.

X-axis of the grgph is geographic postion, from jus bdow San Frandsco Bay a theleft to
Point Coneption & theright. Pogtionsof some propogd MPASs are shown to indicate

postion.

Rdative abundance is measured in rdative (per recruit) units. Note predicted abundances

drop off ner the @angeOlimits dueto notaccouning for dspersal of larvae and dder
animals into the modded area from outside regions butwhile accouning for dspersal losses

to those regions Parameter vadues for smulationsare as shown in Table 4.4.1. Theleft

column shows scenarios with fishingmortality rates set to target equilibrium values unde
current management (note tha present rates on ecies with rebuilding dansare less than
thoe used hae). The right column shows scenarioswithout successful management with

fishing raes set to 0.2 b 0.4 b dmulate high historical fishing impact.
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Species

Unde successful fisheries
management

Without successful fisheries
management

Abdone

Abalone: long lifespan, sedentary with short larval dispersal,
severely overfished

Abalone: longlived, little movement with short larval dispersal,
severely overfished

—e—Package 3R, N=845.0

No MPAs, N=666.6

Package 1, N=821.4

‘ ----- No Fishing, N=2000.0 ——+— Package 2, N=914.6
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Bocaccio

Boccacio rockfish: longlived, moderate movement with long larval
dispersal, severely overfished

rockfish

- +No Fishing, N=1240.6

Package 1, N=764.5 No MPAs, N=757.6 —e—Package 3R, N=764,

——Package 2, N=770.5

boccacio rockfish: longlived, little movement with moderate larval
dispersal, severely overfished

Package 1, N=97.8
-No Fishing, N=1240.6 ——— Package 2, N=118.8
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Table 4.4.2. Pedictionsof average abundance and respon to fishing forthe smple modd,
but without spatially variable habitat condtions successful management (left column of

Figure4.4.1).

ABUNDANCE
without fishi

without MPAs

Package 1

Package 3R
Package 2R

CATCH

without fishing
without MPAs

Package 1

Package 3R
Package 2R

Widow
rockfish

Abalone

2000.0
666.6
821.4
845.0
914.6

1581.9

977.4
1002.2
1001.7
1015.7

ng

0.0
53.3
39.7
37.8
31.9

0.0
68.4
65.8
65.8
64.3

FISHING MORTALITY (F)
without fishing
without MPAs
Package 1
Package 3R
Package 2R
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0.00
0.08
0.05
0.04
0.03

0.00
0.07
0.07
0.07
0.06

Li

ngcod Boccacio Cabezon

1240.6
757.6
764.5
764.5
770.5

666.1
369.8
385.6
385.8
394.4

792.5
348.2
363.4
360.8
368.7

0.0
87.1
84.8
85.2
83.8

0.0
42.7
42.2
42.2
41.9

0.0
74.0
69.7
69.8
67.5

0.00
0.25
0.23
0.24
0.23

0.00
0.06
0.06
0.06
0.05

Page 23

0.00
0.20
0.18
0.18
0.17



The smulationswith the smple model including vaiable habitat show more OeserveO Hect
than those with condant habitat (Figure 44.2 and Table 4.4.3). Thisis primarily due to the
fact that dl of the MPA packages have alarger percentage of the rocky habitat, and an even
larger percentage of the best rocky habitat (i.e. kep),in MPAs. Abaone(in theabsence of
sea otter popuationg show increases in abundance from 13% (Rxckage 1) to 18% Package
2R) of e equilibrium biomass withoutafishery; catch declines from 31% (Rckage 1) to
51% (Rackage 2R) fran the no MPA gtuaion. Al of the other species have smaller
increases in total abundance and deereasesin catch.  Lingcod ébundance increases from 7%
(Package 2R) © 9% (Rckage 1). Thesmallest increases in ddundance occur in widow
rockfish, 4.2% (Rckage 2R) © 4.7% (Rckage 1).

Figure4.4.2. Pedicted atial distributionsfor Bocaccio rockfish, model including spatial
habitat variation assumed to be corrdated with atia distribution of fishing effort.
No MPAs scenario assumes successful long term harvest management to low fishing
mortality rate target of 0.06. Comare fourth row of Hgure4.4.1 &dove

Boccacio: long lifespan, sedentary with long larval
dispersal, overfished; scenario assumes stock has been
concentrated in areas targeting by historical fishing

Package 1, N=253.0
No MPAs, N=232.2
—=— Package 3R, N=258.1
----- No Fishing, N=474.1
—+— Package 2, N=256.3
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Table 4.4.3. Pedictionsof abundance and respong to fishing for the smple modd with
gpatialy variable habitat conditions successful management (asin Fgure 4.4.2).

Abalone Widow Lingcod Bocaccio  Cabezon
rockfish rockfish
ABUNDANCE
without fishing 683.8 637.8 296.8 474.1 249.2
without MPAs 205.0 293.1 72.2 232.2 100.2
Package 1 2934 323.2 99.4 253.0 119.7
Package 3R 317.2 322.6 95.0 258.1 122.5
Package 2R 329.6 319.9 92.9 256.3 122.8
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CATCH

without fishing 0.0 0.0 0.0 0.0 0.0
without MPAs 211 32.2 25.1 20.8 27.4
Package 1 13.1 30.0 25.2 19.5 23.1
Package 3R 11.2 30.2 26.3 19.5 23.7
Package 2R 10.3 30.4 26.2 19.6 235
FISHING MORTALITY (F)
without fishing 0.00 0.00 0.00 0.00 0.00
without MPAs 0.10 0.11 0.35 0.09 0.27
Package 1 0.04 0.09 0.25 0.08 0.19
Package 3R 0.04 0.09 0.28 0.08 0.19
Package 2R 0.03 0.10 0.28 0.08 0.19

In summary: our omparison of he MPA proposis usng popuétion dyramics models tha
accountfor gpaial organization in recruitment, dispersal, and havest impacts; usng
popuktion parameters for arangeof representative species found ha:

(1) proposis 1-3 give very smilar results for mos species,

(2) anything dose to naurd abundances insde MPAs would only be achieved for highly
sedentary species like abalone

(3) for dl butthe mos sedentary species, impacts of the MPAs will betrivial compared to
impacts expected from current management measures amed at meeting low target
fishing nortality rates.

(4) themod critical parameters are not larval dispersal distances, butrather (1) adult
movement rates, Snce these create dispersal imbalances that can extend well into MPAs
even for low movement distances of orde onemi/yr, and (2) ©@mpensatory changesin
pog-settlement juvenile survival rates, which ddermines the larval settlement necessary
for adequae recruitment to both MPAs and aeas Hill open to fishing.

Simulationsusng the full age structured modd, described in Appendix B, shows thetime
trajectory of bo@ccio (Fgure4.4.2). Inthis scenaio thereis avery low havest rate (1%)
for thefirst 20 yers untl the stock reaches the rebuilding threshold (40% B), then when
harvest rates are increased to their sudainable levels, diff erences in abundance between
reserve and nonreserve areas gppear. However, because the reserves are samall relative to the
adult movement, the buld up ndde reservesis not paticularly sgnificant.
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Figure4.4.3. Raultsfor boaccio usngthe dynamic fully age structured modd of Appendix
B. The X axisin dl casesisthecoastlinewith the north ontheleft andthe south ontheright
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Not only do the models predict very modest gansin aundance from having MPAs over the
ganslikely to berealized through eisting and future fishery management, they further
predict that such additiond gansin abundance will beat the expense of fishers, in the form
of reduced yields (Tables 4.4.2 ad 4.4.3). This effect occurs because of depressed catch pe
effort in areas open to fishing, dueto concentration of dfort in those areas.

Modd scenaioslike thoe shown in Hgures4.4.1, 4.42 and 4.4.3 & notintended to be
precise, quantitative predictionsof distribution paternsfor paticular species. Detailed
spdial dataare nat available to calibrae or test any such pradictions Raher, the scenarios
are intended to provide comparative results for policy screening and for cetection of hidden
assumptiongOtha might cause even more severe failure of predictions based purdy on
intuition or smpler calculations A seriousfailing ofthe SAT was the fact they did not use
any form of quantitative modd in formulating thar guiddines.

4.5. Science Advice #5: specification of the species to benefit list
developed by the SAT.

As mandaed inthe MLPA, the SAT developel two lists of gecies tha would benefit from
the establishment of MPAs. The SAT engaged in congderable discussion of he merits of
lists of important species of concern that would beexpected to bethe mog benefited by
MPASs vs. lists of gpecies that occur in thearea and might benefit by MPAs.  The second
approach was finally adopted, and thelistsindudebah havested and aher species tha may
bendfit from MPAs dueto reduced bycatch, haitat disturbance or enhanced ecological
function dueto increased abundance of havested gecies. There was no dtemptto list
species tha may have detriments dueto increased competition or ncreased predation caused
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by highe popuktion levels of havested eciesin MPAs. Theonly common fish gecies
specifically excluded fromthelist were those that are known to have extensve adult
dispersal, dthough ®me species with high adult movement wereinduded in the list (i.e.
lingood and white seabass), and ome were excluded (i.e. market squid). In adtion, the
vast mgjority of amall fishes were na induded in thefish list (i.e. poahers, cottids blennies
pricklebacks etc). The value of thetwo lists is minimal because there was no dtempt to
gquantify the potential benefits to indvidual species.

5. Adaptive management, Enforcement and Evaluation
5.1. Adaptive management

The MLPA calls for an Adgptive Management (AM) planning pracess and implementation.
However, the concept of Adaptive Management as described in Cdifornia planning
doaumentsis largdy an administrative or bureaucratic proaess advocated by recent
prectitioners with extremely limited case experience. Asit was originally developed by
Holling, Walters, and Hilborn durhg the 1970sand 1980ghrough vey large numbers of
case sudies, the AM policy design proess emphasized thecritical importance of quantitative
modding, with grong ientific and gakeholder involvement in model formulation, as a
critical early gep in the planning proess. The aim of such moddsis notto obtin the best
policy prescriptionimmediately, butrather to integrate available knowledge aboutkey
proaesses 0 as to identify critical ggpsin information and to provdeinitial screening of
policy opionstha appear unikely to succeed dueto batant inadequacies in scale or type of
impact.

Had develope's of the science advice incorporaed in the MLPA master plan framework
followed the AM prescription, they would very likely have developed models like those
described in Appendices A and B, and u® of these modds would hare been acentral feature
of SAT discussions and posibly stakeholder MPA designsas well. Discussions
particularly about scientifi c data needs and unertainties, would have looked quite different.
Mog of the emphasisin the MLPA planning doaments that we reviewed was on dereloping
compaative information onlarval trangort distances and adult movements. But, in fact, the
guantitative modds are na dl that sengtive to movement parameters; rather, the modd
predictionsare much more sengtive to urcertainties aboutcurrent and future fishing
mortality rates in areas open to fishing (i.e. future fisheries management policies outside the
MPAS), and o uncertainties aboutwhether recruitmentis currently limited by larval
settlement oringead byjuvenile rearing capacities (i.e. the Gtock-recruitmentOprotdem of
whether juvenile nursery areas are currently undeseeded).

For gecies that are currently recruitment overfished (eg. dalone), themodds predict (see
Figure4.4.1) siort-term underseeding in both open and MPA areas. Thisimplies both a
much less postive impact of the MPAs than would beexpected if recovery in them were
dependent only on the buldup of ober, morefecund animals, and acritica need to solve the
recruitment overfishing probbem throughwide-spread fisheries management protection
whether or notMPAs make some contribution © recovery. In the case of abdong an
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additional factor to congder isthe presence or ebsence of sea otters, which are known to
limit abdoneand aher shdlfish popustionsin aeas tha they inhabit. (Fanshawe et al,
2003)

The MLPA process could become an important case sudy in Adgptive Management, butnot
in the way that onemight hope. If the process continues on its present course, without
careful attention © past lessonsfrom AM planning, what will very likely oacur is ore of the
best classroom examples of hownotto doAM.

An obviousuneertainty in MPA planningis how much increase will be seen in MPAS of
different 9ze. If adut movementis as high & current estimates, then few species will
rebuild to dengties much aowe the level determined by fishing pressure. A good algptive
experimental design would have an explicit design of reserves of different sze, anda
planned evaluation progam to determineif our aurrent undestandingis correct.

5.2. Enforcement

Reserves that are na enforced can actually do nore ham than good, byattracting illegd
fishing dfort. This has been sugpected to occur, for example, on ougr atolls of the Great
Barrier Resf in Audralia, despite clear evidence of reduced fishing impacts on
experimentally closed reefs in the Effects of Line Fishing (B-F) experiment and exrlier GBR
closures (Mapgoneet a. 2004 Williamson & a 2004).

For sverely depleted gocks where remaining individuals are spaially concentrated, it may
only take modest illegal fishing effort to cause high enough fshing mortality rates to prevent
stock rebuilding (small total catch does na imply small impact; wha mattersis theratio of
catchto gock size). For longlived gpecies with popubtion dyramics smilar to abalong a
10% anud illegal fishing mortality rate can mean the diff erence beween recovery in afew
abadonegenerationsto recovery that takes centuries to occur. Thusfor such eciesthereisa
specia need to provide enforcement that is close to 100% dfective a stopping illegal take.
Thisisavery tall order indeed, given the Sze of the Cdifornia coastlineand the number of
people poentially willingto violate fishing regulationsfor vauable creatures like abalone
There has been frank admission of the severity of the problem:

Orhough semingly impressive, when compared to the more than 5,000 guae miles of
Cdifornia State waters and the federal waters beyond, & well as CdiforniaDsast inland
area, these nunbers are quite small. O(California Department of Fish and Game Master Plan
Framework Augug 22, 2005 Bge 64).

The master plan framework calls for two redlly critical stepstoward Geffective and
comprehensve opeaational ability,Onamely to hire additional enforcement officers and to
explore and acquire Gemote observation technology and techniques.OSuch techndogy could
also make major contribution © monitoring, especialy of fishing activity.

5.3. Evaluation and monitoring

The Cdifornia MPA progran will beimplemented in an ecological and management setting
where abundances of many ecies will bechanging anyway due to aher management
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initiatives (e.g. rokfish and essential fish habitat closures, the nearshorefishery management
plan; anong ohers) and dwe to environmental factors Thusthe adagptive management
program will be at risk of obtining mseading GigndsOabouttheeffi cacy of MPASs unless
theprogran is carried outin thecontext of a careful experimental design that provides
adequae control for efects other than those caused by the MPAs. The obviousexperimental
design o consder isthe BACI (Before-After, Contol-Impact), as has been used to gudy
effects of fishing onthe Great Barrier Resf (Campbdl et al. 2001;Wadters and Sainsoury
1990). In hisdesign, nonitoring of dourdance trendswould becarried ou both within each
MPA and in nearby outide areas (dlowing for pared comparison of control and impacted
sites), and ove time beginning before the MPASs are established (9 asto measure recovery
trendsove time both ingde and adjacent to the MPAS). Further, the planned daggeed
implementation of MPAs over time, i.e. phasing, would lead to a Qtaircase designO(Walters
et d. 1988) oftreatments, pamitting estimation oftime-treatment interaction dfects
(whether impact of MPAs changes over time with changesin ecological condiionssuch as
recovery of larval sources for juvenile settlement in proected areas, dueto prdection from
offshorefishing dfects).

Thebiggest dange in na having acareful BACI design is tha ongong changes dueto other
fi sheries management initiatives will be incorrectly attributed to MPAS. It would then notbe
thefirst timetha proporents of MPAs have clamed gainsfrom MPAs tha in fact may have
been dueto aher factorsentirely (Hilborn2002).

One of the mog important impediments to implementation of adgptive management has been
the formidable cog of monitoring progams needed to track changes in time and gace within
the context of planned experimental designs (Walters 1997), & recommended in the previous
section. S far, it appears tha mog of the planning for monitoring MLPA impacts has
focused on asuring tha a broad auite of ecological and sodoeconomnic respons indcatorsis
measured, andtha is alaudable and necessary step in themonitoring design pro@ss.

It is commonin adgptive management monitoring designto develop long wish lists of
performance indicatorstha could bemonitored. Butwhen it comes time to multiply outthe
number of obervationsove the number of sites and imes for which these are needed, and ©
assess monitoring cdgs, or when mock decision anaysis exercises assign vdues to the many
indicators and ek to evaluae preerences anong outomes, thereis likely to be adramatic
shrinkagein the indicator set to a relatively small number of well-defined, critical indicator
variables for each mgor aea of conaern (ecological satus produdivity, econanic
performance).

In typical scientific monitoring progams, attention is focused onprecise measurement of
selected indicatorsfor rdatively few spdial dtes, ove relatively short periodsof time.
However, development of an dfective adgptive management program calls for jus the
opposte, i.e. measurement of abroad indicator st, perhgps notvery precisely, ove a broad
rangeof gtesfor long periodsof time. To accomplish this, it will be necessary to look far
beyond &istingmonitoring prograns, andin paticular, there will be a critical need to
develop nev gpproaches to large-scale monitoring that subgantially reduce the unit cogs of
key measurements like changes in relative abundances.
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As noted in thefirst sectionaboveon Adgotive Management, we generaly find that
paticipants in pdicy comparison exercises end up fousng on réatively few quantitative
indicatorsin actudly comparing pdicy options even dter cdlaimingthat they need awide
suite of indicatorsin orcer to make such comparisons In MPA compaisons thereally
critical indicatorsfor evaluaing peformance are also likely to berdatively few, induding
time series of:

1. Dendty and oveall sock sze for a few key indicator eciesinddeand ouside of
reserves

2. Biological community structure surveys that monitor Smple indices (diversity,
percent occurrence, etc.) for large numbers of eciesin paticular habitats where
technologyis available to examine many gecies & once (e.g. ROV video qurveys,
trawl surveys).

3. Cach pe effort of afew key indicator gecies in the mgor fisheries

4. Numbers of active fishing licenses, total fishing dfort, and aial distributon of
effort

Two basic approahes can beused inthe design of patia sampling prograns for densties,
diversity, éc. Thefirst (and nog popubr) is dratified randomsampling, which reguires
detailed habitat mapping © establish the sasmpling drata. Results from this approah are
readily interpretable from a satistical perspective (error in estimates, power to deect
differences amongareas and ower time can beeasily calculated), bu theapproach is
logistically complex and expengve to implement. The second is transect sampling, with
transects ddiberately oriented across the srongest spatial gradients (i.e. from ondhore to
offshore 0 asto ddiberately cut across depths). This gpproah islogistically much easier to
implement, bu does not pemit the use of traditiond datistical calculationsof precison and
power (the observationsaongeach transect are treated na as independent bu rather as
components of asnge multivariate observation of Paial pattern; satistical calculationsare
made only oncompaisonsamong transect totals or means). For the same amountof field
effort/time, transect sampling @n result in radically more precise estimates than dratifi ed
sampling, butat the risk of posible bias. For very large monitoring progams as will be
required for MLPA adgptive management, the risk of bias is probdly aless important
consderation than getting & least transect observationsat the largest number of posible
Sites.

There are two posible ways to reduce unt cogs of monitoring 9 as to make it economica
to monitor a large nunmber of gudy stes. Oneisto make relatively large up-front
investments in innovdive monitoring technologies, such as large-scal e fixed acoudic arrays
and listening arays for acoudic tags and time-lapse digital phdogrgphy for measurement of
fishing dfort, which then have reatively low maintenance cods over time. The second s to
greatly increase the number of people involved in labor-intensve methods(like visud
surveys), through ollaborative arrangements with people besides scientists who ae
knowledgeable abou ocean areatures and assessment methods(e.g. fishers). In the second
(and likely more practical) appraach, there is akey need to develop economic incentive
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systems for fishermen and ahersto hdp in information gdhering (survey fishing incidental
to regular fishing activity, pe-dive payment for inshorevisud surveys, €c.).

Two vey largefield programs are currently undeway for evaluation of MPA impacts, one
by NMFS in the HoridaKeys (Bohnsck, Ault, and mlleagues) and oneonthe Great Barrier
Reef in Audralia. Both of these progiams are making vey heavy use of visud survey
transects to provde information o rdative abundances and haitat paterns Both use a
small nunber of experienced dive teams, organized to visit large nunmbers of gtes each year.
In the NMFS case these teams are formed each year mainly of NMFS and RSMAS staff; in
the GBRMP case, theteams are outside (university and piivate) contractors A few such
teams could beorganized and trained to work dong e Californiacoast a relatively low
annud cog, gatheing mmpaable daa dong hundrds of dive transects each year with
paticular emphasis on the varioussedentary species mog likely to benefit from the MLPA
MPA nework.

For de=per waters, akey method for dda collectionis likely to betrawling. This can involve
a mixture of scientific survey trawling and commercial fishing with onbard
observerg/recorders of catch compostion information (ike the NMFS Coopeative
Groundfish Trawl Program tha is beginning © provide a wealth of information about
relative abundances and distributionsof bottom species dongthe Pacific coast). Key to
making such information usful isto have precise logbookinformation on patia location of
each shot Gven precise georeference information, cata from commercial fishing and nmore
widespread, aially representative survey trawls (preferably by cooperating fishers) can be
combined usng geodatistical methodsinto maps of changing dstribution pdterns over time.

For dl relatively inexpendve observation methods(e.g. visud surveys, trawling), expanson
of the survey counts to estimates of ovaall abundance requires calibraion experiments to
establish the rdationdhip between counssand total numbers of organisms actudly present at
sample stes. Such experiments typically involve methodssuch as local depletion
experiments to estimate numbers of animals actudly present, andtypically mus bereplicated
at alarge number of dtes dueto high variation in theratios of counts to actual aburdances.

The Cdifornia Department of FHsh and Game pionesred the development of visud scuba
transects for assessment of fishesin MPAs. Extengve basdline sudies were established a
two of the three marine reserves established in 1994. he mog extendgve sudies were
conduded at the Big Creek Reserve, where scubatransects were carried outfor several years
after the reserve was created.  The studies induded transects inddeand ouside of the
reserve. Unfortunaely the baseline surveys at the Big Creek Reserve andthe Punta Gorda
Reserve, in norhern Cdifornia, were notcontinued.

Thefact tha the State was unéable to monitor even onegroup of fshesin three MPAS
established more than adecade ago, andthat the baselines a two of the MPAs have not been
reassessed dter they had been in pace for 12 years, should gand outas acaution foranyone
attempting to establish amonitoring progam for the 29-31 MPAs propo®d in the MLPA
Initiative stakeholder packages. At aminimum, the Big Crask and Runta Gordabaselines
should beresurveyed before any permanent monitoring progranis designed. In adition,
Packages 2R and 3R dter the present boundaies of the Big Creek Reserve. Alteration of tis
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reserve would bea very poor way to carry outresearch on MPAs, asthe Big Creek baseline
isthe best longterm reference ste on the entire California coast.

6. Evaluation of other forms of protection
6.1. Historical fishery management regulations

The SAT and sakehd der pracesses demongrated that there is a perception tha the regionOs
hard roky botom areas are more a risk than ft botomareas. This may be dueto the fact
tha the majority of resident soft-battom fishes and invertebrates are mog effi ciently
harvested with glinets, trammel nds, Danish sines, dredges, beam trawls and oter trawls
and the produdive sandy beach surf zonecan only beéeffi ciently harvested with large beach
seines. With the exception of gll andtrammel nets, which hase been more recently declared
illegal in Sate waters, dl the abovegear types have beenillegd in mod or all of Sate waters
for more than 50 years.

The only oneof these fishing gear types that can be used in central Cdifornia State waters is
the otter trawl, and this gear cannotbe used within 3 niles of shorealongmog of the central
coast. In adition, rawlswill soon be banned from the State waters porton of he Monterey
Submarine Canyonthat lies within the Federal Monterey Bay essentia fish habitat (EFH)
closure  With theexception ofthetrap fisheries for crab and ot pravn, nether of which
are congdered to be overfished, the commercia fishery does not have the capability to
economicaly harvest resident soft bottom fishes and invertebraes at levels tha would cause
these popuktionsto fdl very far bdow their unfished levels. Rereational fisheries on
resident soft botom fishes have never been veary largein the central California area, and the
recently enacted seven-month seasond closure, reduced bag limits and the complete
excluson fromwaters degper than 20 fahoms have resulted in redudng the previous small,
recreational take of these species. Dueto the very low historical fisheries on resident soft
bottom speciesin the central Cdiforniaregion, hese species are presently not much reduced
from unfished éundance levels; in fact, with present regulations nearly the entire soft
bottom area within Sate waters could beclassified as amodeate praection cnservation
area.

The peception with had or raky botom areas is quite different. Resident batom fishes
are readily taken with hook ad line, and szeable commercial and recreational fisheries have
exploited these species for morethan acentury. In aldition, thecontinental shdf and
nearshore species were extensvely fished with gill and rammel nets for several decades, and
the development of the nearshoretrap and hook fisheries placed additiond fishing dfort on
therdatively small popuktionsof nearshore species. However, the nearshore species, for
which thereis enough hformation  develop gock assessments, have nat been shown to be
ovefished by airrent sandards (i.e biomass less than 40% of heir expected unfished
biomass). The degp-water species, tha have primarily been taken with trawls, were fished &
highe rates than the shdlow water gpecies, and the popubtionsof several species were
reduced to very low percentages of ther unfished level.
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6.2. State and federal response to overexploitation of bottomfishes in
the 1990s and early 2000s.

In the late 1990sand early 2000s joint action by he Cdifornia Fish and Game Caommission
and the Pacifi c Fisheries Management Coundl resulted in the development of very strict
rebuilding regulationsfor the sx overfished groundfsh gecies, dong with sharp increasesin
protection for the other gpecies. These regulationsincludelimited entry and redudion of the
number of fishing vessels (Table 6.2.1),annud havest quadas (Table 6.2.2) prolbition on
theuse of gill nesin Sate waters and enactment of the Rockfish Congrvation Area (RCA).
Recreational fishing for resident battomfishes also was severely limited in the central
Cdiforniaregion; a seven-month closed season was enacted, oveall bag limits were reduced
from 15 © 10 fish, ovefished gecies have ether no take or take of asnge fish, anglers can
only use onehook and the Rodkfish Congrvation Area prohbits fishing in waters deeper
than 20 fahoms.

Table 6.2.1. G@lifornia limited-entry fisheries.

Bottomfish trawl

Deeper Nearshore Species

Drift Gill Net (shark and swvordfish)
Dungeness Crab

General Gill/Trammel Net

Herring Gl Net

Market Squid

Market Squid Bral

Market Squid Light Boa

Spot Prawn (3 iers)

Coastal Pelagic Species
NearshoreFishery (four regiong
NearshoreFishery Bycatch
Northern Ank Shrimp

Salmon

Sea Cunber Diving

Sea Cunber Trawl

Southern Rodk Crab Trap
Cdifornia Halibut (April 1,2006)
Sea Urchin Diving

Table6.2.2. Peciesand pecies groupsmanaged with annual quots.

Pacific sardine
Market Squid
Lingood

Pacific whiting
Pacific Ocean perch
Widow rockfish
Chilipepper rodkfish
Splitnose rodkfish
Shortspinethrornhed
Cowcod

Y elloweye rodkfish
Bank rodkfish
Sharpchin rodfish
Cabezon

English sole
Arrowtooth flounde
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Pacifi c mackerel
Herring

Pacific cod

Sablefish

Shortbdly rodkfish
Canary rockfish
Bocaccio

Y ellowtail rockfish
Longginethornyhed
Darklbotched rockfish
Black rodkfish
Blackgill rockfish
Yellowtail rodkfish
Dover sole

Petrale sole

Other flatfish
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Minor rodfish (nearshoregroup) Minor rokfish (dopegroup)

Blue Aurora
Brown Bank
Cdico Redbanded
Coppe Roughge
Olive Shortraker
Quillback Y ellowmouth
Treefish

iMor rodkfish (shdf group)
Bronzespotied Chameleon
Dwarf-red Flag
Freckled Greenblotched
Green gotted Greendriped
Halfbanded Honeycomb
Mexican Pink
Pinkrose Pygmy
Reddripe Rosethorn
Roy Silvergrey
Speckled Squaespot
Starry Stripetail
Swordgine Tiger
Vermilion

Compaisonsof the harvest rates of common central Cdifornia bottomfishes with high to low
popuktionlevels (Figure6.2.1) ¢early shows that recent (2004) havest rates of oveafished
species (bocaccio and lingood) ae far bdow those of the 1980sand early 1990sand species
with heslthy popubltionsaso have large decreases in havest rates (Table 6.2.3).

Figure6.2.1. Bomass of common central Cdiforniafishesrelative to their biomassin
195@r the sarting pont of the Sock assessment.
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Table 6.2.3 Hstorical and current exploitation rades for selected gecies

X@oitation Rdes

198095 2004
1. Boaccio 24.5% 1.0%
2. Gophe rodkfish 4.9% 1.9%
3. Lingaod 11.9% 0.8%
4. Caezon 12.1% 8.2%

The perception tha rodky botom fishes are presently being over fished is incorrect, and the
small number of gpecies tha were ove fished in the 1980searly 1990sare now unde very

strict rebuilding fishery management regulations in fact one species, lingcod, was declared
by the Pacific Fishery Management Courtil in November 2005 b be rebuilt.

6.3. Inefficient management using biomass based annual quotas in
combination with permanent MPAs

Thetrandormationin howwest coast and Cdifornia fisheries are managed has been
primarily theresult of (1) increases in knowledge of marine resources dueto extensve
monitoring, data andyses and nodding activities and (2) pditical trandormation ofthe
scientific results into dfective management srategies. The prindpd drategy adoped was
the use of annud catch qudas based on te sze of popubtionsas deermined bytimely sock
assessments. Mog botomfishes are managed by annud qudas, and many of the species
with amaller popuktionshave been managed by hditat-based group quads. Species tha
were consdered to beoverfished have been assigned vary small quots, andin addtion,
species at very low levels had large portions of ther habitat placed in conservation aeas
where directed fishing for dl botomfishes was prohbited. In te case of bocccio, probaly
more than 90% ofthe adult habitat in central Cdifornia was closed to fishing forall

bottomfi shes.

When fishery management indudes quos, the use of MPAs will notreduce the volume of
fish taken; it will only changethe geographical distribution of hetake. It does notrequire a
complicated popubtion nmodel to knowthat theincrease in iomass insgde of MPAs will be
roughly bdanced by the decrease in biomass outside.  The models used in this review are
based on fishing nortality rates and do nd indude theincreased mathematical complexity
necessary to assess fisheries based on aanud quots; however, the results from these modds
show that theincreased ébundance with the MPA packages (Table 6.3.1) 5 assodated with
decreased catch (Table 4.4.2and Table 44.3). Therefore, even though heabundance
increases are much less than the eff ective areas of the habitat in MPAS, the modds
overestimate the reserve affect.

In the bocaccio stuaion, where mog of the adult habitat that would be placed in the MLPA
network is dready indde of the Rackfish Congervation Area, fishing ha already been
prohibited. Theresults of the bacaccio modd (Figure4.4.2) ¢early show that there is no
additional buildup of boeccio biomass ingde or ouside of the MPAs in the several Packages
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until the bocaccio popudation is rebult, the Rodfish Congrvation Areais opened and the
fishery resumes; thisis not expected to hgppen for svera decades.

Table 6.3.1 PRrcentage of unfished aburdance withou MPAs and with Packages 1-3.
Simple model with condant habitat qudity (See Appendix A and Fgure4.4.1:left column)

Area Abdone Widow Lingood Bocaccio Cabezon

Withoutfishing 100.00% 100.00% 100.00% 100.00% 100.00%
WithoutMPAs 0.00% 33.33% 61.79% 43.94% 61.07% 55.52%
Package 1 14.90% 41.05% 63.35% 45.85% 61.62% 57.89%
Package 3R 17.25% 42.25% 63.32% 45.53% 61.62% 57.92%
Package 2R 19.25% 45.73% 64.21% 46.52% 62.11% 59.21%

As shown earlier, theeffects of the MPA neworkson botomfishes in the several Packages
will primarily be dependent uponthe fishery management outside of the neworks (Section 4
and Appendix A). However, dendty-dependent factorsin gecies life history raeswill
potentially cause seconday effects duethe fact that popuation densties will eventually be
consderably highe indde MPAs than ouside.  Unfortunaely, the knowledge needed to tell
if the na effect of dengty-dependent factors will cause increased or desreased popuétion
growth is presently notavailable. The dteration in the dengties indgde and ouside of MPAS
could result in oveall increases in biomass if the MPAs Stes are located in areas where the
habitat qudity produes aboveaverage population gowth. Thereverseisdso true and it
has dready been naed that Packages 2R and 3R hae themajority of their MPAs located at
headland locationsthat will have maximum offshoreloss of larvae. If larval retention is a
critical factor in recruitment, these packages could result in and loss of biomassin
compaison © the satus quo.

We notethat the SAT redlized that fishery management would be the primary determinant of
the abundance of gecies outside of the MPA nework; however, as they did no modeling of
ther guidelines and did notconsgder present fishery management, they failed to redize that
for the great majority of gecies, fishery regulationswill have more effect on e populations
of gpeciesindde of the MPAs than the pratection piovided bythe MPASs.

7. Other comments
7.1. General comments on process

The MLPA Initiative has obvioudy triggered an daborae planning proess, and the
paticipants in tha pracess are to becommended for athorough pb of identifying ecological
factorstha need to beconsdered in design of acomprehensve network of MPAS, induding
SMR, VP, and SMICA designaions As reviewers of these plans, we take our primary role,
objective, and pdential benefit to the proaess to provide advice on lest available science,
integrating (largdy theoretical) MPA science into existing fishery management, and in that
context to betroudeshooters of posible pitfalls and ggsin the planning and implementation
proaess, and howadaptive management plans could beimproved to dea with tho pitfalls.
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We arein general agreement that the MLPA proaess should proceed to implementation of an
MPA nework plan for the Central Coast test region;in fact, implementationis mandaed by
statute. Below we offer awide variety of comments and siggestionsabout how the planning
and implementation pro@ss might beimproved, $ asto insure adequate protection for
species and communities prized by nonrconsumptive users while minimizing dal and
economc impacts onconumptive users (fishers).

7.2. Protecting the interests of ocean-dependent coastal communities
as a high planning priority

The MLPA planning proess pretendsto aim for bdanced representation of dl sakeholder
interests. Aresumably this means picking and choosng anong ecific Ste proposis from
the main interest groups througha multi-step proaess tha beginswith regional propsals
from stakeholder teams, proeedsthroughscientific review by the Science Advisory Team
(SAT), screening by aBlue RibbonTask Force and Fsh and Game gaff, and finally
selection of aplan by te Fish and Game Commission.

MLPA gaff and the BRTF nominally considered minimizing impacts, butin the fina
andysis the BRTF dgnificantly increased impacts of package 3RPal predicated onthe SAT
QecommendedOsi ze/spacing alvice and the perceived but undoaimented reed to protect
headlandsfor birds and mammals.

While this screening pro@ss is admirable in bringing awide variety of expertise to bear on
the MPA design proess, we wonde whether it is notin fact based onan ingopropiate
assumption tha al sakehdder interests should begiven equd weight or credibility in
arriving & dternatives to bepresented to the Commission. In paticular, only ore of three
planswill come from fishers and habor communities, the people who< livelihoodsand
community culture will be mog affected by the decision. Why in the world should equd
weight begiven to the interests of nonconsumptive users (like scientists who vduein-situ
biodiversity for its own sake), who have little at stake and who will bear almog nore of the
cods of thedecision? Nothing condrains nonconsumptive users from recommendng
unreasonable and unneessary cloaures, and there is likely to beconsderable sympathy for
ther views among the SAT members; this meanstha absent some explicit priority for the
recommendaionsof consumptive users, who have first-hand knowedge of resources and
habitats, the views of those users may beundevalued.

Further, recent evaluaion of MPA peformance, such as thework that Mike Mascia of World
Wildlife Fund ha doneon Caibbean islands(Mascia 2003, 2004), lghlights the importance
of fisher paticipation in slf-governance (design, implementation) of MPAs. Where there
has not been drong sipportby fishers and others who deive sgnificant livelihood fom
marine resources (i.e. where MPA selection has been viewed as unfar, urlikely to produce at
least some valueto fishers and dher ocean havesters, and/or na legitimately needed), it has
been virtually impossibleto enforce closures. This warning extendsas well to studions
where the MPA process leadsto deliberate or inadvertent reallocation among ugr groups
e.g. fromcommercia to recreationd users, or in the case of the MLPA Initiative, from
conumptive to non@numptive users.
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The planning proess missed agreat oppatunity to use smple modds, such asthe modds
we present here, as aforum for different interest groupsto discuss alternatives. A
quantitative modd has the potential to find Qvin-winOsolutionswhen used in an interactive
way, and © identify elements of any pan tha have paticularly adverse consequences to
different sakeholders.

7.3. The pretense that MPAs will offer substantial protection for
Oeosystem functionO or will insure development of Ontact
communitiesO

The master plan framework recognized that OEologically dominant species play the largest
roles in the function of coastal ecosystemsO, howver, it is apparently not recognized that the
domnant gpecies in the California Current System are dmog entirely mobile and/or
migraory ecies that would achieve dmog no proection fromMPAS of the Sze proposd
in the several sakeholder packages. The smaller socks of inshore mainly demersal species
tha will benefit from MPAs certainly dodepend on hemore mohile species (e.g. small
peagics are important food for ®me benthic piscivores), butit is by no neansclear that the
reverseistrue

Theexploited Pecies tha have biomass levels tha have exceeded 1 mllion netric tons
MMT, (whiting, @rdine, jack mackerel, anchovy and Racific mackerel) are dl highly mobile
as adults and, in addition, ther spawning habits and erly life histories make them subject to
extengvelarval trangport (Table 7.3.1). Species whos biomass has observed peaks between
0.1 and 1.0 MMT are mogly deepwater, continental dope species (sablefish, Dover sole,
shortspine thornyhed and longpinethornyhead) or sdf-break rockfish gpecies with
schooling béhavior (shortbdly, widow and yellowtal rodkfishes). All exceptthe
thornyheds whose mobility is unknown, are quite mobile and they have very extended
larval and péagic juvenile stages (18-20 monthsfor longpine thornyhead). $ecies whose
virgin biomass was beween 0.01 ad 0.1IMMT are prindpally shelf break and continental
shdf species. All therodkfishesin this group ae primarily schooling ecies that have
congderable movement. Many of the speciesin this group nove frominshorenursery
groundsto desper water as they mature. There are Sx assessments for gpecies whos virgin
biomass was bdow 0.01 MMT; three of these are nearshore species.

Table 7.3.1. \irgin or pak observed biomass (mt) of gpecies with gock assessments.

Vrgin or Maximum I%gin or Maximum
Observed Biomass Observed Biomass
Pacific whiting 7,272,000 Northern anchovy 1,598,000
Pacific sardine 4,015,000 Pacific mackerel 1,394.000
Jack mackerel 1,905,000
Sablefish 723,000 Shortspinethornyhed 230,000
Dover sole 596,000 Longpinethornyhed 228,000
Shortbdly rodkfish 295,000 Y ellowtail rockfish 138,000
Widow rockfish 265,000
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Virgin or Maximum Virgin or Maximum

Observed Biomass Observed Biomass
Canary rodkfish 93,000 Darkblotched 28,000
Pacific Ocean Perch 83,000 Petrale sole 26,000
Lingaod 76,000 Vermilion rackfish (Cdif.) 21,000
English sle 63,000 Blackgill rodkfish (Cdif.) 21,000
Chilipepper rockfish 58,000 Black rodkfish 20,000
Bocaccio 46,000 Bank rodfish 14,00
Y elloweye rodkfish 8,700 Cowcod (Suthern Cdif) 3,200
Starry flounde (Cdif. only) 5,800 Cabezon 2,400
Gophe rockfish 2,400 Scorpionfish 2,000

It appears to have na been appreciated that the species that doninae the Cdifornia Current
Region ae very unlikely to benefit from an MPA nework designed dong heguddines
suggested by he SAT. The secies tha would beexpected to benefit are mogly nearshore
sedentary pecies that have quite small populations  This contrast does not appear to have
been induded in the Ghow much is enoudh and howmuch is too muchOMPA discussions

Further, the fact that the @ommunitiesOcongst of species with widey varying movement
paternsimplies tha it isimpossible to recongruct, or even sndbly define, completely
OntactOcommunities without shutting davn dl fisheries, induding ssme that are not even
within US jurisdictions(like the Mexican sardine fishery, that may very likely impact future
abundance of amall pelagic species dong he Cdifornia coast). The prevalence of mobile
species in the ecosystem biomass spectrum emphasizes the pant that fisheries management
plans, especialy for themore mohile species, mug be carefully coordnaed with MPA
planning, & noted dove

(BiodiversityOhas become a catchword far protection of reatively rare, peciaized, and
charismatic species, paticularly birdsand mammals. If we were really interested in
maximizing kological diversity, as ecologists typically define and measureit, we would
likely want to pronote Ontermediate disturbanceOregimes involving fisheries as an ongoing,
even halthy agent of disturbance. There is certainly alegitimate case for proection of the
species typically used as biodiversity indicators without use of ambiguaustermindogy.

A wide variety of ecosystem modds has been developed to evaluate impacts of fisheries on
ecosystem fundion, paticularly food web sructure and produwtivity. While differing widdy
in deails, these modds generally agree ononekey prediction aboutthe predators (birds
mammals) that represent biodiversity interests: these goecies a thetop of the food web
should bethe mog sengdtiveindicators of loss of ecosystem fundion. Tha is, declinesin
naturd productivity and food web components dueto fishing should have the largest
negdive impact at the top ofthefood web. The existence of hedlthy, growng marine
mammal popubtionsdong he California coast is certainly notindcative of gros loss of
ecosystem fundion dueto historical fisheries. Moreover, recent research has found hat
Toxoplasma gondii and ohe parasites, rather than fishing,is largdy responsble for limiting
the central coast sea otter popuktion, dthough tha popuktion, too, is growing sowly.
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Proponents of ecosystem restoration otten assume tha smultaneousprotection of dl species
will somehow lead to hamoniousincreases in @undances of dl of them. This assumption is
dangeroudy wrong, paticularly in caseswhere top prelators (marine mammals, birds) are
increasing while feeding on fsh and invertebraes that areinitially at low abundances dueto
historical fishing impacts. In such cases, the top praelaors can cause severe, dgpensatory
mortality impacts on her prey, 0 asto prevent the prey popubtionsfrom recovering. An
obviousexample in Cdiforniais theimpact of gronwing sa otter popuktionson recovery of
abadoneonthecentral coast (Fanshawe et a. 2003). There is correlative evidence that
growing sal, salion, and brd popuétions aong the Pacific coast are causng increasing
mortality rates of juvenile salmon. Sme bdieve tha recovery of cod popuiationsoff eastern
Canadais bang prevented bylarge, growing sal popubtions

In reviewing the major fundiond groupsin the Cdifornia coastal marine ecosystem ranked
by biomass (Field, Frands and Aydin 20@) as a key indicator of fundiond significance (at
least in trophic aspects of ecosystem sructure), it is obviousthat dl of the big contributors
are gecies tha are either nat fished (i.e. krill and midwater fishes), are relatively mobile and
have complex seasond migrdion pdterns, or ae mainly found in deeper waters, and so will
be offered little, if any, real protection undr any of the MPA proposls. Thusnoneof the
MPA plans contributes very much to the ecosystem fundion of theregion.

It iswell knowthat the California Current System is impacted by environmental and climatic
variation & awiderangeof ime and Pace scales, ranging fromextreme sorm events,
variationsin sasondity, B Ni—osand regime (decadal) scale processes (Parrish and Tegner
2001). hesevariationsresult in bah gecies specific (El Ni—o and juid; regime changes
and sardine) andtrophic level (El Ni—o and regime changes in plankton) dterationsin the
abundance of daminant organisms.  Sorting outthe rdative impact of ongong climatic
variationsand recent changes in fishery management from the relatively smaller impact
expected from the establishment of MPAs is going to bea very difficult science prablem.

7.4. Integration of marine reserves with fishery management
measures

Although he MLPA smply calls for @nore than on@marinelife reserve of @ght key habitat
types in each bioregion, the science advice incorporded in the MLPA master plan framework
calls for avery extengve network of marine reserves, and al of the plans propogd congst of
a subdantia nunmber of reserves and a sgnificant proporton ofthe total area closed to
fishing. However, it is quite dear tha the impact of MPAs is minor rdative to thefisheries
management actionstaken by he PFMC and Sate. For commercially important species, we
find there would be absolutely no lenefit to the sugainable harvesting of these gpecies from
any proposd MPA nework.

For example in our smulationsof bocaccio management, there would beessentially no
impact of MPAOsunt| the stock is rebuilt, because the exploitation rate in the rebuilding
period is 0 low. Further, oneethe bacaccio gock is rebuilt to 40% of vrgin dbundance,
MPAs would have no benefit in larval produdion because of the very subdantial larval
produdion cming fromousidethe MPAs. The same concluson is true for any secies
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beng managed for commercial fishing: if the sock is ovefished, the PFMC and Sate putit
on arebuilding shedule that invaves very low fishing mortality rates.

There are avariety of reasonspropo®d for creating reserve networks ranging fram
providing abackstop or helge agang ineffective fishery management, to providing reference
areas for evaluaing dfects of fisheries with highly uncertain ecological impeacts (e.g. for
urchinsand sa cucumbers), to protcting habitats and nontarget species from gear and
bycatch impacts. Geneally, praection oflarge percentages (20-30%) of fishable areas has
been recommended mainly for thefirst of those purpogs, fishery management failure, or for
situaionsinvaving svere bycatch impacts on nontarget goecies.

All of the sakeholder packages have areain MPAs tha exceedsthe midpants of thesze and
spacing guddines recommended bythe SAT. Themid-pants for 9ze (12.5 kn) and
spacing (75 km) result in apercentage of 14.3% of heareain MPAs if all MPAs extend out
to 3 mlesfrom shore The California NearshoreFishery Management Plan calls for at least
10% of narshoreareain MPAs and it suggests that 20% would becalled for if fi shery
management were ineffective.

Although fshery management in California has resulted in anumnber of gecies bang listed
as overfished, changesin fisheries management policy for important goecies have been
dramatic, and the regulationsto reduce fisheries pressure, for example implementing
extengve notrawl MPAs to proect benthic habitat and demersal species and quoss to limit
bycatch, are bath draconian and effective. Further, our patia modding results indicate that
protection levels of therange of Packages 1-3 would act as an effective hedgeagand failures
of management pdicy only for highly sedentary species, asindicated in the left versusright
pands of figure4.4.1.

7.5. Spatial redistribution of fishing effort and consumptive impacts

Spatial ste selection by @mmercial and recreational fishersis acomplex proess. When
particular fishing oppotunities are log, fishing effort does notamply go avay; fishe's go
elsewhere and may target different speciesif they have theflexibility to do ®. This means
tha if tota efforts are notreduced in proprtion to the loss of fishing aea into SVIR, and if
commercial effort shifts are nat consdered in rdation o areas log to SMCAs and SMPs,
fishing dfort and mortality rates caused by it will likely increase in remaining open areas.
Such dfort responsge dynamics can end updoing more harm than the benefits ganed in
protected areas, if fi shers move into areas where species more needful of proectionare
concentrated. An example of this effect was reported by Walters and Bonfi (1999),where
detailed goaial data from the British Columbiatrawl fishery were used to map distributions
of 16 demersal species, and impacts of dhifting dfort distributionsove these fish
distributionswere predicted for a series of local closure options

One option for long-term management of sengtive species, paticularly deep-water rockfish,
would beto pemanently dose large areas now protected as essential fish hebitat (EFH
cloaures) and rodfish conservation aeas (RCAs). Our modds indicate tha if such closures
were the only available management measures, it would benecessary to keep a least 70% of
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the deep water areaclosed to fishing in order to limit fishing nortality rates to MSY target
levels of less than 10%kr. Butif such large areas were closed to fishing, ® that the mgjority
of thefish gock was in proected aeas, severa negative conequences occur for thefishing
fleets. The abundance ouside the reservesislow, and & a consquence catch rates are low
and fishing even less profitable than it isnow. Any futurein which theaverage dengty
outside of thereservesislow would lead to declinesin catch rates and prolably economic
failure of the commercial and recreational fisheries. For this reason, oher methodsfor
regulation of btal catch and fishingmortality rate are essential to maintain econamically
viable fisheries, and gock abundance ouside of reserves mug be maintained orincreased.

Negadive effects of effort redistribution ontarget popuationsare highly noninear with
exponantially increasing fishing nmortality necessary to catch the same amountof fish as the
percentage of the popuktion within MPAs increases (Parrish, 1999). Ngaive effects would
occur & lower MPA pecentages if closures were placed in areas where effort is now
paticularly concentrated, such asin areas near headlands In that event, there would beno
safe dternative bu to seek redudionsin total fishing effort, throughcommercial
license/quota redudion prograns and/or impostion of drect limits on recreationd fishing
effort.

As mentional abowe, the sakehdder proaess was influenced by aperceptionthat nearshore
hard botom habitats OreritedO pecial praection. Thethree stakehdder packages do not
have awiderange(i.e. roughly 1519%)in thetotal percentage of areain MPAs (Table
7.5.1). Hbwever, dl of the packages have 21-47% of dl the casses of nearshorehard
bottom habitats and 4047% pecent of the persistent kelp haitat in MPAs. Packages 2R and
3R havre morethan 30% of hese habitats (37% b 47%) n MPAs. Clearly dl of the packages
developed bythe stakeholders have amoderate to hugebias in the percentage of these
habitats tha were included in MPA.

Table 7.5.1. Rrcentage of near-shorehad botom habitat types included in MPA
&kages 1, 2R and 3R.

dtal Hard Batom  Average Frsistent Raky
A 30 m Kelp kelp Bore
Package 1 14.90 20.54 24.59 39.96 29.56
Package 2R 19.26 31.26 40.36 46.88 38.05
Package 3R 17.25 31.43 38.73 43.10 37.45

If such extendve MPAs are approwed, thisissuewill need to beaddressed by hefishery
managers responsble for the Nearshore Fishery Management Plan, because the present
precautionay qudas and regulationscould notbe expected to produe sugainable fisheries if
21-31% pecent of the habitat (i.e. 0-30 mhard botom) and 2547% of tie prime habitat (i.e.
average kelp, persistent kelp and racky shore) were placed in MPAs.  The NFMP suggests
10% =t asidein MPAswith precautionary fishery management.
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7.6. Failure to account for dispersal imbalance effects in assessing
needed MPA sizes: need to confront the SLOSS tradeoff more carefully

Computer smulation gudies (e.g. Ag. 1110 in Walters and Martell, 2004;see also Meester,
et a. 2001and Fguresin this report) warn tha impacts of heavy fishing pessure near MPA
boundaies can have impacts on @undance that extend well into the MPA, beyond typical
dispersal distances for theimpacted ecies. Two mechanisms cause thiseffect: (1)
individuds with hone ranges near the bounndaies are gill subject to risk of havest, and nore
importantly, (2) @ispersal imbaanceQeffects, which have notbeen widdy recogrized by
proporents of MPAs. Dispersal imbdance effects occur when there is movement out of gtes
near the boundry, butthis movementis notbdanced by novements into the Ste due to lack
of GourceOanimals to move into the Ste from Stes toward and ouside the MPA bounday.
Modds with dendty-dependent movement (more movement of individuds from high-dengty
sites near the core of the MPA, (see e.g. Abesamis and Rus 2005) prelict even larger
imbdance effects on oveal MPA abundance. Such dfects are diffi cult to measurein pachy
environments and may take years to develop dter an MPA is created, but can consderably
reduce the long-term abundance bendfits of localized prdection fram fishing.

For MPAs located againg shordines, where dispersal movements are mainly dongsore
modds of 10kmdonghoreMPAs indicate tha dispersal imbaance effects will cause about
haf theredudion in owerall popuktion increase in the MPA as the annual dispersal rate out
of each 1kmreach withinthe MPA. Thatis, if 20% ofthe animals disperse from each 1km
reach within the MPA to settle in adjacent 1 kmreaches, oveall longterm abundance across
the 10 kmwill end up d&ou 10% bwer than would bepredicted in the absence of movement.
The predicted redudion is roughly halved for a20kmwide MPA.

Concernsaboutdispersal loss from MPAS, dong with concerns abou cogs of enforcement to
prevent illegal fishing rear MPA boundaies, have been at the heart of the so-called CGBLOSS
debaeO(Single Large or Severa Small) aboutdesign of regional MPA neworks The
MLPA SAT appearsto favor the SS (Several Small) sde of this debate, in calling for
multiple (3-5) QeplicatesOof rdatively small MPAs within each major regional habitat type.

7.7. Inappropriate use of simple percentage guidelines in comparing
plan alternatives

We caution agang the use of ample pecentage sandadsfor evaluaion and <reening of
MPA plans eg. tting targets like protection of 20% of ech habitat type No sourd
ecological basis for paticular percentages has been demondrated usng ecological modds or
historical daa, nor sthere asound €onamic or odal judification forthem. The numbers
typicaly mentioned, 20%30%, gopear to have been derived from stock assessment modds
tha commonly predict recruitment overfishing when pawvning éundance falls to less than
aboutthis level, bu such estimates are typically highly unreliable dueto scarcity of
recruitment observationsat lower sock szes. Further, usng the same percentages for
protection targets as for minimum spawning dundance assumes tha the ony subgantial
spawning will bein the protected aeas, i.e. dl other spatial comporents of the spavning
stock will bedestroyed by fishing. Such catastrophic depletionis extremely rare, and mainly
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involves migratory gocks that have exhibited svere rangecollapse (e.g. @d, herring) and
for which snall MPAs would beingppropiatein thefirst place.

Further, reasonable and acceptable levels of protection may vary widdy among lesic habitat
types. For example, we doubtthat there would befew people, excludingthose who havest
clams, who would object to SMR proection of essentially 100% of he very unique estuarine
habitats along this section ofthe Cdifornia coast. Butat the other extreme, it may be
unnecessary to have SMIR-level protection for more than a few percent of shdlow, rocky
inshore areas where exploitation is mainly by recreational fishing/diving and for which there
is dready praection for ecies bang slectively depleted (abdone).

7.8. Inappropriate goals for rebuilding stocks of long-lived species

There ssems to bean assumption bythe Scientific Advisory Team tha longlived ecies
need to have higher spawning gocks relative to unfished levels, i.e. targets for sock
rebuilding for ecies like rockfish need to beon orde 50% of unfshed levels. However,
meta-andyses like the pgper by Goodwin & a (2006)indicate jus the opposte, with longe-
lived fishes showing nuch deeper stock-recruit relationships (higher Goodyear
compensation raios), i.e. lower spavning numbers needed to insure adequae recruitment. If
thisistrue historica recruitment overfishing may nothave been dl tha severe for many
species, and rebuilding ofage structurein such ecies will lead to increased larva
settlement, but notincreased recruitment out of nursery areas. Failureto anticipate this
strong posibility coud lead to systematic misinterpretation of e results of monitoring
programs.

7.9. Nasve assumptions about importance of connectivity among
reserves in setting standards for reserve number and spacing

For gecies that have been severely reduced by hitorica fishing, paticularly those tha have
life history ortogeny invaving inshorenursery areas and later movement into desper waters,
there is the posibility tha nursery areas are nowwiddy QundeseededOwith larvae, i.e. ae
not produeng nexly as many offshorerecruits as they could. If thisis the case, then even
ondhoreoffshore protection (MPAs tha extend well offshorg will notinsurerapid
popuktion recovey, 9nce abundance even in the MPAs may belimited by inadequate
recruitment rather than depressed survival. For such gpecies, the main @onnetivityOamong
MPAs will beduemainly to rdatively large-scale larval dispersal rather than alongsore
movement of older fishes. Butif even larval settlement into MPAs is depressed dueto large-
scale historical ovefishing, then recovery in MPAs will bedow enough ha (unless avery
high proporton of he offshorepopuktionis protected) mog larval settlement will have to
come from spawning ouside the MPAs. That is, it may be wrong © uppo® tha MPA
spawning aundances will recover rapidly so as to provide widespread larval seeding
induding connection throughlarval trangport with other MPASs.

In short, consdering onbgenetic patterns of movement in fishes, except for ecies with very
short dispersal distances (like abalone), the main connestionsbaeween MPAs will bedueto
larval dispersal, and it is only if there are no fish left outside of the reserves that such
connectionsare sgnificant.
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7.10. Coordination of state and federal MPA development to insure
onshore-offshore continuity of protection and effective monitoring
programs

Thedesign of dfective ondhoreoffshoreprotected areas to cover thefull life cycle of the
many ecies with onbgenetic habitat shifts will obvioudy require dose State-Federal
coopeation. S far tha does not seem to beamajor probem in Cdifornia, with if anything
even gronge fishey restrictionsbang imposed offshore (rodkfish dosed areas, graundfish
EFH) than ingdethe three-mile State jurisdiction. K is probaly a safe assumption that
Federal management programns will continue to bestrongly conervation orented with
emphasis on rebuilding depleted gocks to produdive levels as mandated uncer the
Magnusn-Stevens Act.

But it isnotjud in rdation o coordnaion of dosed area designationsthat close State-
Federal cooperation will berequired. Much of the key monitoring dda, especidly for
deepwater fishes and haitats impacted by activities like trawling, will have to come from
ongong Federal science prograns. There will likely continueto bedramatic changesin
Federal policies for fishery access, toward limited entry and quo& management progams
aimed at creating propety rightincentives for fishersto coopeatein sugainable
management, which could grongly enhance (or present if not implemented) oppotunities to
develop allaborative fisher-scientist research progams.
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8.

Recommendations

We offer the following recommendationsto the Department of Fsh and Game and
Commission, baed on our fndngsand alaptive management experience, boh to
improvethis decison-making praess and those to follow in the future.

Recommendations (General)

1.

Implement a phased MPA nework designed with avariety of MPA szes and with an
adequae long-term monitoring plan and sufficient resources to test MPA theories.

. Recognize tha there is little chance tha MPAs will contribute sgnificantly to

maintenance of marine ecosystem function; the fundion of these ecosystems is
largdy determined by highly mobile species that will betotally undfected by MPAs.
Only widespread, dfective fisheries management will insure maintenance and
restoration ofecosystem function.

Enforceability (proximity to popuated areas, more eyes and ears) should bethe
number onecriterion for ecifying locationsof SMRsand SMPs, unil it is dear
whether increases in enforcement staff combined with use of new monitoring
technologies will make this criterion unneessary.

Closely examineexisting bycatch dda and gopaent fishing nortality rates suffered
by nontarget species to quantify theextent and sverity of the prodem, induding
identification of patial areas where bycatch probkems are mos severe as posible
candidae areas for SVIR designation.

Work with Sate and Federal management agendies to develop by-catch redudion
plansas pat of the overall MLPA planning and implementation proess.

Thereisacritical need to develop gatia maps of fishing dforts and impacts for the
major Cdifornia fisheries, usng commercial logbookand aeel censusinformation
along with assistance from knowledgeable fishers (usng workshop daa synthesis and
mapping proaesses) where quantitative distribution chta are notavailable.

Using such maps fishing dfort displacement should becalculated for each MPA plan
propo®d, and estimates made of theincrease in fishing dfort and impact in
remaining aeas open to fishing.

Longrangeproposisand plans should bedeveloped for redudion in owerall fishing
efforts for those fisheries where subgantial (20 % or &rger) displacement is likely to
occur.

Avoid usng onaoepts from terrestrial protected area planning in MPA design, and
ingead use approprate models
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Recommendations (to improve scientific guidance and analysis)

10. The Scientific Advisory Team, in collaboration with experts on enforcement, should
look nore carefully a guiddines for MPA nunber and sze, andin paticular should
congder recommending fewer (2 is the minimum needed for datistical comparisons
not 3) butlarger protected areas pea key habitat type for moreeffi cient and
econormical implementation and enforcement.

11.We recommend that the Scientific Advisory Team be required to provde specific
guiddines for desired levels of proection by haitat type, with precise judification
for each of these guidelines and with quantitative predictions(usng popuétion
dynamics models for arange of representative species) of the consequences of failing
to meet them.

12.We recommend that the Scientific Advisory Team develop quantitative classification
guiddinesto beused to evaluate thelevels of prokection assignad to MPAS.

13.The Sientific Advisory Team should develop alist of geciesto bebenefited by
MPAs tha provides a quantitative assessment of the degree of benefit tha each
species is expected to receive.

Recommendations (Modeling)

14.Consde investingin aCdifornia coast-scale hydrodynanic modding and larval
drifter/vertica movement modd tha can realistically examine dternative hypoheses
aboutlikely conrection pdternsamong awning and larval settlement areas for a
variety of indicator gecies (Note: thisis arisky approach and could fail completely
dueto inadequae knowledge about spawn timingsand vertical movement patterns of
larvae).

15. Use the modds we have provided as a sarting pont for more careful quantitative
andysis and comparison of dternative MPA proposls.

16.Involve sakehdders in game-playing with the modds, and in troude-shooing
possible missing nodd comporents and fundiond reationships needed for
prediction, a acentral pat of the adaptive management planning process and e a
meansto dimulate development of coopeaative monitoring prograns.

17.Use themodds as an aid to development of monitoring cesigns bot in terms of
heping to identify key monitoring variables (i.e. wha model predictionsdo p@ple
really look & in comparing pdicy alternatives) and in design of $dia sampling
prograns and ingde-outside comparisonsof open aeas versus MPAS.

Recommendations (Monitoring)

18. Adopttheindgitutional design framework recommended ir]theCFinal Draft Adaptive
Management and Monitoring and Evaluation FrameworkQ butmodfy it immediately
to address the hard-nosed issues of exactly wha to monitor, where, and when, and
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how. Focuson therecommendaionsin Appendix 3B of tha reportand incorporde
the monitoring recommendéionsprovided in this review. Discard the
recommendaion in that draft of designing monitoring progams around br@ad
biogeographical regions thereisno ned to do ha for efective adgptive
management based on pared comparison data beween nearby proected and fished
aress.

19. Ajoint State-Federd task group $iould beformed to develop a detailed, cooperative
monitoring progam with cogs and g sharing propoals, taking full account of
possible coopeative monitoring dforts that will become feasible given planned
changesin fishing progerty rights and recent supportfor collaboraion béween
indugry and fishery management agencies.

20.Begin monitoring basic ecological respong indicators (rel ative abundances, szes of
representative pecies, i.e. essential fishery information) ideally at least two years
before implementation ofeach new MPA.

21.Plan to continuethese pared monitoring programs for & least a decade after
establishment of each MPA, 30 a5 to assess cumulative eff ects of both the MPA and
other management influences and 0 allow saircase comparisonsto MPAs initiated
later in time.

22.There should bea careful enumeration ofthe total nunber and kind of field
measurements that will need to betaken annudly for the foreseeable future as the
core of the core adgptive management monitoring progran, with paticular attention
to the need for pared measurements in and near each proected area.

23. A conenaus gatement should be developed on abasic, key indicator st that mug be
measured on &l experimental (and reference) areas.

24.There should beincreased funding forand very careful evaluaion and encoursgement
of the coopeative prograns beween fishe's and ientists that are now undeway in
some locations(e.g. tagging in Channd Islandsarea), with aview to extending such
prograns much more widdy alongthe coast.

25. Carry outthe same moritoring (sme methods etc.) on d least one@ontrolOor
reference area in close proximity to each protected area (treatment-control pairing).

26.Monitoring prograns should atempt to measure both sttlement rates of very small
juveniles, especially rockfishes, andaso net produdion (recruitment) of larger
juveniles out of nursery areas.

27.Monitoring prograns for longer-lived gecies should regularly collect sze-age
distribution samples to assess rebuilding d populktion age sructures, andthe
component of overall abundance increase dueto this rebulding as oppogd to
increases in recruitment rates.
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28.Monitoring plans for adaptive management should indude transect sampling of
abundance for a set of indicator gpecies with different movement rates, dong
transects from well outside MPA boundaies into themiddle of the areas.

29. A sudy team should beformed to evaluate optionsfor large-scale investment in new,
automated technologes for ecological monitoring, in particular the deployment of
large-scale listening arays for acoudic tagstha would providean opportnity to
measure movement and exploitation pdternsdirectly for a variety of larger species.

9. Conclusions Regarding Goals of the MLPA

Based on hework we have doneand ourreading of e doauments, we can make specific
condusonsregarding the impact of the dternaive proposis on te gods of the MLPA.
First, however, it isimportant to acknowledgethe sgnificant contributionsof environmental
and dimatic variation, & well as theimpeacts of coastal development, polution and other
nontfishing hunan ectivities, on hediversity and dundance of marine life and the structure,
function andintegrity of marine ecosystems. Such dfects were na consdered in the science
advice or andysis of MPA proposls, dthough hese climatic effects and nonfi shing impacts
play adgnificant rolein echieving (or notachieving) Gods 1, 2 and 4.

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

Our primary finding with respect to this god is tha the high mobility of mos key speciesin
the central California marine ecosystem precludes any of the MPA designsfrom having a
significant impact onthe sructure, function and integrity of the marine ecosystems. The
primary deerminants of the sructure and functioning ofthe marine ecosystem will bethe
management of catches of the mobile species through he State and Federal harvest
regulations Only for the species with highly sedentary adults will theabundance ingde of
the MPAs bedramatically higher than ouside of the MPASs; however, outside of the MPAS
their abundance will be less than the case with no MPAs. The solitary, roky batom
nearshore gpecies managed unde the Cdifornia Nearshore Fishery Management Plan are
good examples of gecies with this type of behavior (for example: goprer, black andyellow,
china, and kelp rackfishes and abezon). This group s dso themod readily monitored with
non-extractive methods

9.2. Goal 2: To help sustain, conserve, and protect marine life
populations, including those of economic value, and rebuild those that
are depleted.

Because of the mobility of mos species, especially those of commercial importance, noneof
the propoed pdternsof MPAs will have a Sgnificant role in proecting gecies of econonic
value or in rebuilding those that are depleted. The main postive impact will beon he
abundance and dwversity of sedentary, damersal species that are now impacted by various
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coastal fishing and po&hingactivities, aswell as by aastal development and nonrpoint
source pollution.

9.3. Goal 3: To improve recreational, educational, and study
opportunities provided by marine ecosystems that are subject to
minimal human disturbance, and to manage these uses in a manner
consistent with protecting biodiversity.

Each of the dternative MPA plans provides for alarge number of areas across arange of
habitats that meet the objectives above There is no ientific daain any of hematerial we
reviewed to suggest criteria for howthese objectives will be affected by theabslute nunber
or d9ze of prokcted aeas.

9.4. Goal 4: To protect marine natural heritage, including protection of
representative and unique marine life habitats in California waters for
their intrinsic value.

Agan dl plansconsdered gopear to meet this objective.

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

We found ha al plans presented have a number of failingswith respect to this objective.
Implicit in the science advice is the objective of building large protected popuétionsinsde
of reserves, with reserves QinkedOby larval dispersal. Aswe have discussed throughoutour
report, there does notappear to beany basis for this Dfor few species will abundance be
much highe indde of reserves than ouside, especially compared to praected areas tha are
not MPAs. Thuswe donOfind the MLPA planning pro@ss to have realistic expectations
regarding wha can be achieved. We fourd dmog no ralistic evaluation of the management
measures and enforcement.

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

In the science advice we reviewed, the primary interpretation of he GhetworkOconaept was
thelinking of protected areas by larval dispersal. We found noevidence tha thisisarealistic
expectation; our analyses suggest tha mog larvae arriving in MPAs will come from outside
of MPAs. The primary ngworking of MPAs will beadministrative, inther role as
educationd and recreationd showcases.
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Appendix A: A simple model for examining impact of
MPAs on distributions and abundances of aquatic
organisms with different dispersal and recruitment biology

At some point in the development of an MPA plan, it is necessary to make quantitative
prescriptionsabou how large individud MPAs need to beand howthey should bearranged
in ace. When MPASs are to beplaced along acoastline like CdiforniaOswhere each MPA
isintendeal to protct an inshore-offshoreband tha indudes both juvenile nursery and older
fish residence areas, the mog important long-shore popubtionimpacts of proectioncan be
guantified by usng asmple, onedimensond spatial model with a large nunber of long
shorespaial cellsor local stesthat are linked through dspersal of bah larvae and dder
animals, and that indudes reasonable assumptionsabouttwo critical issues: (1) the local (pe
cell or ste) relationdhip beween local larval settlement and subsequent recruitment, and (2)
impact of increased fishing dfort in open areas when dfort is displaced from MPAs.

We used themodd described in this appendix to do alarge nunber of amulationsof long
term changes in distributonalong he Central Coast shorelinefor five management
scenaios(no fishing, no MPA protection, proposis 1, 2R, ad 3R for five species (see Fg.
1) for two dternative assumptionsaboutthe success of current coastwide management
measures at redudng fishing nortality rates. Theresulting 50 senarioswere dso repeated
with and withoutspatial fishing dfort responses, and with and without spaial variation in
habitat qudity.

Suppo® we divide a coastline up intoi=1En s patial cells, each extending alongsore
distance of say 1 mi. and extending offshorefor an ungecified dstance large enoudh to
protect all life sages of agpecies. Suppow initialy tha all of these cells are equdly suitable
for the speciesin terms of habitat conditions If N; is the nunmber of older individuals in cell
(summed ove dl ages from an arbitrary age of recruitment or maturity), the dynamics of N;
can beapproxmated bythe continuousrecruitment-movement-mortality rate relationship

dNy/dt=r(L;)-MN;-FiN;-2mN;+m(Ni.1+Nis 1) (A1)

where the rate components are:
r(L;) isloca recruitment rate as a fundion of local larval settlement rate L ;
MN; is naurd mortality rate
FN; isfishing and/or byctch mortality rate
2mN; is movement rate of older animals out of cell i to thetwo adjacent cells
mN;.1, MN;.; are movement rates of animalsin to ol i from surrounding cls.

For evaluaion of helongterm impacts of protection, we nead notsolve eq. (1) ove time,
and @an ingead try to find the longterm mean or equilibrium N; implied by dN/dt=0. This
equilibrium abundance field mug satisfy the relationship
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Ni=[r(L)+m(Ni-+Nis1]/ [M+F+2m] (A.2)

(thisis obtained jug by =tting dNdtto zero and lving &. (1) for N. Dueto the nonlinear
dependence of L; and r(;) on larval trangport and survival patterns eg. (2) @nnotbe solved
andytically for the long rm N;; however, it can be easily solved by nunerical GelaxationO
methods which basically jus invdve substituting successive estimates of thelL; and N4,
Ni+1 into theright-hand sde of (2) and usng theresulting estimates of N; as the inpus for the
next iterative subgitution.

Theredlly critica term in . (1)(2) is the recruitment functionr(L;), which invdves issues
of both howfar larvae are dispersed (howL; isformed as a sum of larval contributionsfrom
other cells), and whether there is Srong degty-dependence in pos-settlement survival rates
(whether or notjuvenile nursery habitats are Qully seededOso that recruitment is
independent of larval settlement). Absent strong long-shoreadvection of larvae in particular
direction(9, we would expect dispersive mixing proesses to result inanormelly distributed
patern of larval settlement from spawningin each cell, with a spread or gandard deviation
parameter propotiond to larval durationand mixing vdodities per urit time. The normal
distribution assumption for larval settlement implies that if there are no larval sources outside
the sudy region, average larval settlement L; on each cell i should consst of a sum of larval
contributonsfrom potentialy al other cells, with the fundiond form

L, = k2 N g0’ (A.3)
J:

Here, k is a scaling congant for total larval settlement from each source cell, and Sisthe
standad deviation ofthe patia distribution of larval settlement (e.g., $=10 implies that
settlement of larvae produ@d in acell drops off rapidly beyond 10 nn. from that cell). Note
tha summing ove dl cells| impliesthat larval settlement oncell i may includecontributions
from any or dl of the other cellsj.

Using . (3) b prealict averagelarva settlement to each cell i, the key issue then becomes
prediction of howrecruitment rate r(L;) varies with L;. Absent evidence of recruitment
suppression & high N dueto cannibdism or acing bénaviors by theanimals aready
presentin cell i, we would expect the recruitment fundion o beof a saturating or Beverton-
Holt form, i.e.

r(Li)=! Li/(1+"Ls) (A.4)

where ! isthe maximum survival rae of larvae from settlement to recruitment, and! /" isthe
maximum recruitment rate (carrying capecity of the cell to produce recruits). Suppog we
hypothesize a base or reference naurd naturd settlement rate L, for each cell, calculated by
setting k=1, i=n/2 and dl N; in eg. (3) b abase unfished ebundance Nj=R,/M whee R, isan
average natural recruitment rate per cell. Then we can parameterize the recruitment
relationghip in terms of Ry, Lo, andthe GBoodyer compensation raioOK, by stting

I =KRy/L,
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"=(K-1)/Lo (A.5)

Note that in this parameterization of the Beverton-Holt function, absolute larval pradudion
per spawner (k) does notmatter, Snce only the produd of it times maximum larval survival
rate (that prodict is!) actually appears in the recruitment prediction. Metaandyses of gock-
recruitment data indicate tha we should expect the compensation raio K (ratio of maximum
larval survival a low dendtiesto survival at unfished naurd abundance) to be in the range
K=5 to K=100,with mog likely vaues for long-lived benthic species in the rangeK=10-50.
Thecritical parameter in this representation is K, which deermines how much larva
settlement can be reduced bdore net recruitment r(L) isimpared; R, is Smply ascaling
parameter that is determined by (orimplies, or represents) the units of measurement of N.

Note tha in assuming that local recruitment is a fundion only of local larval settlement (Eqg.
A4), we join other modelers (e.g. Gaylordet . 2005, Bdsford & d. 2004;Kaplan and
Botsford, 2005;see dso review by Gerber et d. 2003)in ignoring pos-settlement longdhore
movement by juveniles prior to recruitment to the older popubtion N. Thisis notaserious
issue for ecies where juvenile nursery habitat iswiddy distributed dongthecoast, Snce
for such ecies juvenile movement jus acts like wider spreading of larvae in thefirst place
(we could accountfor it by increasingthe S paameter in eq. A3). Butfor gecies that
depend on vey restrictive nursery habitats (e.g. estuaries) from which juveniles fan out to
occupy oher habitats as pat of thar ontogeny, we really should includecalculations of pre
recruit juvenile movement usng the same approah aseq. A3 butapplied to the survivors
from dendty-dependent mortality effects in therestricted nusery areas. The age-structured
modd in Appendix B dlows for fully age-dependent movement rates.

The aboveformulation allows for variation anong pecies in the following basic life history
paameters:

M-naurd longevity (annud naural mortality rate)

m-adult diffusive movement rate between cells (pe year)

F-base (and polcy) fishing nortality rate (per year)

Slarval dispersal distance (sandad deviation of nornal settlement curve, mi.)
K-compensatory improvementin juvenile survival at low stock szes.

Equéaions(2)-(5) can beeasily solved for equilibrium N; paterns given these life history
(and exploitation) paameters, in aspreadsheet format that calculates successive estimates
from previoustrial estimates. use last trial estimates of dl N; to calculateL; usng &. (3),
then caculate r(Lj) usng &. (4),then substitute this estimate of r(L;) into equéaion @) to
obtain updaed estimates of the N;; repeat these sepsunil the N; sop danging. Note tha
this iteration prodwes numerical @hatterOin the predicted Patial distributon for hgh m
values (>5/yr); this can becorrected by stting the N; for each iteration o w times the
updded estimate from theequdions plus (1-w) times the estimate from the previous
iteration, where the Oelaxation weightOw is less than 1.0 (vaues like 0.8 usialy work well,
but result dower convergence of the estimates).
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Theonly mgjor popuétion dyramics factors tha are na represented in theabove equation
system are (1) changes in mean larval produdion pe adult with changes in age-size
compostion,i.e. increases in mean fecundty pe N; in atial cells tha have lower total
mortality rates M+F; and (2) patia variationsin juvenile and adult habitat capecity, as
might berefl ected in gaial variation in the juvenile carrying capecity parameter " and in
adult dispersal rate m (highe dispersal rates out of areas with relatively poor hditat). It is
not diffi cult to modd spatia variationin mean fecundity with vaiation in M+F; for ecies
tha are not highly dispersive (low movement rates m), and omitting this variation resultsin
somewha conervative predictionsabou the benefits to larval prodiction of reduang local
mortality rates (when dispersal rates are high, mean fecundity canna increase in prdected
areas snceloss of older animalsinto fished aeas prevents the development of a vaurd O
age sructure; only relatively smal, eg. 3%, aanud emigration rates are enough o
subdantially lower mean fecundity for long-lived goecies). We have tested variable
fecundity versionsof the model for the species shown in Fg. 1, asuming fecundity
proporiond to theratio of numbers per recruit to unished nunbers pe recruit (mean
fecundity declines with decreasing surviva rate in rough proporbnto this ratio), and found
no sibgantial changein the basic predictions It is likewise Smple to modd variation in
nursery capecities (") among &lls, and movement rates m.

When usng themodd to evaluae MPA proposls that invdve codng alarge propation of
the cells to fishing (by ®tting F for those cells to zero or © some lower predicted paaching
rate), akey congderation is wha to assume aboutfishing effort displaced from the cells after
closure. Onesmple optonisto assume historical F, which anourts to assuming that total
fishing dfort will bereduced s that the F; in each remaining cell does notincrease. A more
realistic option isto assumethat displaced effort is oread across the remaining open cells, 0
tha F for each odll changes from a base value F, to ahighea vdue

F=FJ/(1-c) 12

where cisthe propation of the cells dosed to fishing unde the proposl. A ill more
realistic opion would beto use a gravity or multinomial logit modd to predict spaial
redistribution of fishing dfort, s0 as to recognize likely concentration of fishing effort near
MPA boundaies where abundances are enhanced by QpilloverOeff ects of movement rates
m.

For ample policy screening exercises involving general comparisonsof howwell aterndive
MPA proposis are likely to perform at enhancng ébundances of animals with arange of
differentlife histories (M, m, S F, K vaues), it is probaly best notto complicate the
compaisonsby induding vaiationsin Paia habitat and dfects of increased
longevity/fecundty. In smple game-playing exercises where we have varied thelife history
parameters widdy, we have foundtha predictionsare typically not particularly sengtive to
thelongerity (M), adult movement (m), and larval spreading (9 parameters exceptin
evaluaionsof very smal MPAs (<3 mi wide). Indead, the mod critical parameters for
predicted peformance are the historical fishing rae and recruitment compensation
parameters F and K. These are exactly the same paameters that are mog critical in
comparisonsof fisheries havesting pdiciesin genera, usng dandard sock assessment
modsds.
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Two extensonsof the basic model can beused to generate consderably morerealistic
scenaiosfor paticular species. Hrst, atial variationin fishing effort can bepredicted with
amultinomal logit (gravity model) based on the assumption tha average QutilityOof each
areato fishersis proportonal to the logarithm of ébundance intha area. This leadsto the
gpatial effort or fishingmortality allocation modd

Fi:FtotaI NilNCi/#j le/ij (A?)

Here v is a Gtandard deviationGamong fishers in paception of the utility of fishing in cell i
compared to other areas (highea v greadseffort moreevenly alongthe coast), Rotd isthe
total number of aial cells times the base assumed fishing rae F, pe cell, and G is st to
1.0 for @llsthat are open to fishing andto O for dosed cells. Second, patia variationsin
hebitat QudityOor carrying @pacity among alls can berepresented by vaiationin
dispersal rates and recruitment carrying capecities. For each cell, assume tha relative habitat
qudity can berepresented by a0-1 index value hi, where hi=1 represents the best quality
habitat and h=0 represents completely unsiitable habitat. A smple way to estimate theh; is
to examine distributionsof fishing effort, since effort is likely to beconaentrated in cells with
highe habitat quality and fish abundance. Then we smply multiply the recruitment! for
each cell by h in pradicting recruitment, and further assume that emigration rates (mOsut of
the cell) increase to m/h; for cells with low by while immigration raes (mOsnto the cell)
decrease to him for cdlls with low h.

An improved nunerical procedureis necessary to lve for the equilibrium N; for the GullO
modd with gaialy varying dfort and haitat quality, Snce for such cases the smple
iterative procedure described aboveis likely to a@ther converge very dowly (hundrels of
iterationsrequired) or b GhatterOso @ notto convearge at all. Thefollowing proedure
convages very rapidly (10-20iterationg for mos parameter combinaions Hrst, st the N;
to initial, trial values NY;, eg. NYi=Ro/(M+Fo+2m). Then (2) u® these estimates to wlve
eg. (3)(6) for larval produdion, reruitment rates, and paia F (setting F for dosed aeas to
zero). Next, (3)treating the resulting recruitment and Festimates as fixed condants, olve a
tridiagoral equation g/stem for equilibrium N;, where each equdion in the system is given by
r(L)=MN;+FEN;+2mN;-m(Ni.1+Ni+1). This resultsin avector N®; of new N estimates. Then
(4) combinethese with the previousestimates usng are axation weight W of arourd 0.9, b
give anext iterative estimate N@=WN®+(1-W)N®,. Then us these estimatesin gep (2)
to begin anather iteration, repeating geps(2)-(4) unil the N; estimates sop dhanging.
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Appendix B. A fully age structured model for evaluation of
MPA proposals

This modd is asmulation ofa completely age sructured dock usnga spaially structured
coastline identical to that used in the model described in Appendix A.

We use the nomal age structured modd cal culating the dynamics before movement

I\Ili,a+1,t+1: Ni,a,t(]'" ui,tva)sa for a>1' a<n
Nli,n,t+1: (Ni,n,t + Ni,n"l,t )1" ui,tvn)sn for a=n

(Bl) E'i,t = ! Ni,a,t fa
\/i,t = ' VaNi,a,tWa
Ci,t = I ui,tVaNi,a,tWa

a

Initial condttionsare caculated at equilibrium with aninitial exploitation rae assumed the
same &t all areas
N,=R
(B.2) N.i:=N;,@!'uv)s, fora>l a<n
(1| uU. Vn)Sw

N, = Ni'””[l! I Vn)sn] fora=n

E
B.3 =t
B3 Rz
SBPR" a
B.4 =
B4 S b! SBPR
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' .. numberof individuakareai, ageatimet beforemovemen

numberof individuak areai, ageatimet aftermovement

fractionharvesteatinitial equilibrium
vulnerabilityto fishingagea
oldestageconsidered

N,

Ni,a,t

u, fractionharvestedreai timet
uoo

Va

n

s,  survivalfrom naturaimortality

E'.  eggsproductedreai timet beforemovement
E. eggsproductedreai timet aftermovement
f,  eggproductionagea

g recruitmenfunction(B/H, Rickeretc)

C. biomasof catch

Vi,  vulnerablebiomass

w, massatagea

R, recruitmemnatequilibrium

thefish are then moved according to amovement probability matrix

(B.5) Ni,a,t+1:! N},a,t+lpj,i

j=1

(B.6) Ei,t+1:! E},t+1p??ig

j=1

The movement matrix is calculated by assuming tha the movement prokebility hasa normeal
shgpe centered onthe area of origin, the same fundiond form is used for boh theeggsand
individuds age 1 and dder, they jud have a different vaue of m.

which is nornmalized to sum to onefor each donor aea.

This same rdationship is used for eggand larval dispersal.
plj,i

—! .

(B.8) p;; =

I

The nunber of baatsin an areais calculated as follows
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--B explz c}liz & If areaiisnotin areserve
$

;;B' =0 if areaiis in areserve
(B.9)

These equaionscause bods to conaentrate in places of highest fish abundance. The larger
the value of ¢, the sronge the concentration.

Thefraction havested in each aeais degermined by the nunmber of baats, the effi ciency of
bods (¢) and ascaling factor when regulationsreduce the dlowable catch (z).

(B.10) u,=B,,qz

&, ., #

t i,

(B.11) TAC gs'vq
0 A

where / istheintercept and s is the target harvest rate for the sock summed ove dl areas
indde and ouside the MPA.

If the catch that would occur withou regulationis less than the TAC then theregulations
have no dfect. If the catch that would accur withoutregulationis greater than the TAC then
the catch in each aeaisreduad propotiondly so tha thetotal catchis equd to the TAC by
adjuding the scaling factor .

TAC,
I 9BV,

(B.12) z=

In general there are three harvest rates pecified, theinitial equilibrium harvest rate used to
set the popubtion at its initial age structure and @undance, the QebuildingGharvest rate to
be used if the stock is bdow 40% of ts virgin biomass, and finally a sugainable management
harvest rate to be used if the sock has rebuilt to above40% andis nowin sugained
management. Even if the susainable management harvest rate dropsthe stock below 40% of
virgin biomass, we do notchangethe harvest rate.

Peer Review of MLPA Science Guidance Page 61



Appendix C. Documents reviewed in preparing this report

Besides scientific papers cited aboveand information on ecific nework proposis that we
obtained from the MLPA webste
(http://www.dfg.ca.govimrd/mlpacentral coast. html#maps), we used the following

doauments in preparingthis report:

1.

Cdifornia MarineLife Protection Act Initiative Master Plan Framework adopted by
Cdifornia Fish and Game Commission Augug 22, 2005.

Appendices to the Master Pan Framework, Cdifornia MarineLife Protection Act
Initiative Master Plan Framework adopted by Cdifornia Fish and Game Cammission
Augug 22, 2005.

NFCC Conensus Statement, Integraing Reserve Science and Fshery Management,
June2004.

Cdifornia MLPA Initiative, Central Coast Project, Adopted Regiond Gods and
Objectives Package Amended bythe Blue Ribbon Task Force, Design and
Implementation Congderations November 2005.

Cdifornia MarineLife Protection Act Suggested Text Revisionsto Pages 37-47 of
the MLPA Master Plan Framework for Cangderation bythe Master Plan Science
Advisory Team Februay, 2006.

DRAFT Document Raionale for SAT categorization of MPAs by rdative levels of
protection by Mark Car, Rick Starr, and Mary Yoklavich. Jnuay 2006.

Cdifornia MarineLife Protection Act Initiative draft SAT Summary of Gods 1, 2, 3
4, and 6. March 2006.

Cdifornia MLPA Initiative Final Draft Adgptive Management and Monitoring and
Evaluaion Famework. March 2006.

Integrating MPA monitoring into Sugainable Fisheries Management. Outline of
Presentationto Fsh and Game Cammission, Dec. 2005 by @nnaSchroaler, Chris
Hoeflinga, and Chis Miller.
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Appendix D. Curricula Vitae for Peer Reviewers

NAME

EDUCATION

RAY WILLIAM HILBORN

B.A. (Biology) Grinndl College, Grinndl, lowa (1969)
Ph.D. Depatment of Zoology, University of British Columbia (1974)

EMPLOYMENT HISTORY

200X present
1987 present
19961998
19851987
198031985

19751980

19741975

Richard C. and Lois M. Worthington Professor of Fisheries Management

Professor, School of Aquatic and Fishery Sciences, University of Washington.
Director, Fisheries Research Inditute, University of Washington

Senior Fisheries Scientist, Tunaand Billfish Program, South Pacific Commission,
Noumea, New Caledonia

Adjunct Assodate Professor, Ingitute of Animal Resource Ecology, University of
British Columbia.

Policy Analyst, Departments of Environment and Fisheries, Government of Canada.
Conaurrently Honorary Lecturer, Ingitute of Animal Resource Ecology, University of
British Columbia.

Research Scholar. International Ingitutefor Applied Systems Andysis, Laxenbug,
Audria

MAJOR PROFESSIONAL ACTIVITIES

2002D present Member Editorial Board, Canadian Joumal of Fisheries and Aquatic Sciences
2003- present Member Editorial Board, New Zedand Joumal of Marine and Freshwater Research

1999present Member Editorial Board, Fish and Fisheries.
1993present Member Editorial Board, Reviews in Fish Biology and Fisheries
1993present Member Editorial Board, Natural Resource Modding.
1999present  Independent Science Advisor, Commissionfor Conservation of Southern Bludin
Tuna
20022003 Chair, Nationd Academy of Sciences/National Research Coundl Committee on
Coopeative Research in the Nationd Marine Fisheries Service
2002- 2004  Member Scientific Advisory Boad for Presidents Commission on Ocean Policy
19992001 Member Ocean Studies Board, Nationd Research Coundl
19962000 Member Internaiond Committee for recovery of thevaquita (Phocoena sinus)
19971998 Member Nationd Academy of Sciences Pand on statusof New Engand groundish
stocks.
19971999 Membe NMFS pand to review fisheries closures to protect Steller@ SeaLions
19961997 Member Nationd Academy of Sciences Pand on Fisheries Stock Assessment
Methods
19891994 American co-chairman: Pacific Sdlmon Commission working groupon mark-
recovery statistics.
19881990 Editor for Fisheries, Marine Policy Reports.
HONORS AND AWARDS
2005 Elected Fellow of Royd Sodiety of Canada
2005 Recipient of American Fisheries Sodety 2005National Award of Excellence
2005 Recipient of Western Division, American Fisheries Sodety, Award of Excellence
20012006 Richard C. and Lois M. Worthington Professor of Fisheries Management
1997 College of Ocean and Fisheries Sciences Distinguished Research Award
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19881991 H. Mason Keeler Prafessor of Recreational Fisheries Management.

1985 Stevenson Memorial Lecture, Canadian Corferencefor Fisheries Research.

1976 Wildlife Sodety award for best pgper in fisheries science. (Adaptive management of
renewable resources with C. Walters).

19721974 National Research Coundl Canada. Graduate Fell owship.

BOOKS AND MONOGRAPHS

Punt, A. and R. Hilbarn. 2002. Bayesian stock assessment methodsin fisheries. FAO Computerized
Information Series (Fisheries) No.12.56 p.

Hilbom, R. and M. Mangd. 1997 TheEcologica Detective: confroning modds with daa. Princeton
University Press, Princeton, N.J. 315pps

Punt, A.E. and R. Hilbarn. 1996. Biomass dynamics modds. FAO Computerized Information Series
(Fisheries). No. 10. Rome, FAO. 62p

Hilbom, R. and C. J. Walters. 1992. Quantitative Fisheries Stock Assessment: Choice, Dynamics and
Uncertainty. Chgoman andHall, New York. 570p. Also availablein Russian.

Bazykin, A., P. Bunndl, W.C. Clark, G.C. Gallopin, J. Gross, R. Hilbom, C.S. Holling, D.D. Jones,
R.M. Peterman, J.E. Rabinovich, JH. Steele, and C.J. Walters. 1978. Adgptive
Environmental Assessment and Management. JohnWiley and Sons New Y ork.
375pps

145 PUBLICATIONS IN REFEREED JOURNALS

National Research Council Reports

Nationd Research Coundl. 2003.Coopeative Research with the Nationd Marine Fisheries Service.
NRC Press. 131pps Charman of committee.

Nationd Research Coundl. 1998. Improving fish stock assessment. NRC Press. 188 pps Member of
Committee.

Nationd Research Coundl. 1998.Review of Northeast fishery stock assessments. NRC press. 136
pps Member of committee.

12 Book Chapters
11 Reviews
13 Papers in Peer Reviewed Conference Proceedings and Peer Reviewed Reports

12 Popular Articles
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NAME RICHARD HENRY PARRISH

PRESENT POSITION: Retired (Fisheries Biologist GS-14 (Research))
Nationd Oceanic & Atmospheic Administration
Nationd Marine Fisheries Service
Southwest Fisheries Science Center
Environmental Research Division
1352Lighthous Avenue
Pacific Grove, CA 939502097
(831)p489033

DISCIPLINE Fisheries Oceanography
EDUCATION
BA., Zodogy, University of California, Berkeley, 1962
MS.,, Fisheries & Wildlife, Oregon State University, 1966
PhD., Fisheries with minarsin Oceanography & Statistics, Oregon State Univ., 1977
EXPERIENCE
Dec 1975bMar 2006 Fisheries Biologist (Research) GS-14 Pacific Fisheries
Environmental Group Nationd MarineFisheries Service
Pecific Grove, California

May 72- Jan 74 Manager Scientific Research (Oman Project). Del Monte
Corporation San Frandsco, California

Apr69- May 72 Assodate Marine Biologist. Bottomfish Program California
Dept. of Fish and Game, Monterey, California

Jul 66 - Apr 69 Assistant Marine Biologist. Pelagic Fish Program
Cdlifornia Dept. of Fish and Game,Monterey, California

Sep 68 - May 72 Lecturer San Jose State University Moss Landing Marine
Laboratory Moss Landing, Cdifornia

Dec 62 - Jun 64 Lakes Management Research Officer VictoriaFisheries and Wildlife
Depatment Melboume Audralia.

RESEARCH INTERESTS

Population Dynamics Marine Climatology Commercial Fisheries
Resource Assessment FisheiesManagement =~ MarineProtected Areas
HONORS AND AWARDS

U.S. Depatment of Commerce, Lifetime Achievement Award 2005

Ricketts Memorial Lecture Award: For Exemplary Research in Marine Science;
1994Monterey Bay Research Symposum

U.S. Depatment of Commerce, Certificate of Recognition: Awarded for authoring
a Publication onthe Comparative Climatology of Eastern Bounday Currents.
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SELECTED SERVICE ON SCIENTIFIC COMMITTEES

197981
1981
19813
19829
1983-6
1987
19934
19937
1997

199700
199901

2005

INP/Cal COFI Modding Subcommittee.

|OC Committee on Climate Changeandthe Ocean (CCCO) Biology Pand.

|OC/SCOR Ocean Science in Relation to Living Resources (10C Working Group-67).

Charman: NMFS Task Force on Strategic Planing for North Pacific Albacore.

AGU Committee on Climate Variability of the Eastern Pacific and Western North America.

NMFS Externd Review Committee for the SWFC Groundish Program.

PICES Working Group 3 (Dynamics of Small Pelagicsin Coastal Ecosystems).

SCOR Working Group 98 Worldwide Flucudionsof Sardineand Anchovy Populetions
STAR Review Team for Widow and Chilepeppe Rockfishes: Pacific Fisheries

Management Coundl

Coastal Pelagic Species Plan Development Team: Pacific Fisheries Management Coundl

Marine Reserves Drafting Committee, Pacific Fisheries Management Coundl

2000031 Master Team: CaliforniaMarineLife Protection Act, Marine Protected Areas.

Expert Reviewer: Portuguese Sardine Reseach Program, GLOBEC

66 PUBLICATIONS on Climate, Ocean and Fisheries
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NAME CARL J. WALTERS

FACULTY Graduae Studies/Science

DEPARTMENT & SCHOOL Fisheries Centre/Zoology, University of British Columbia
Present Rank: Professor

EDUCATION
a) Undergraduate (where, dates, degree(s) received):
Bakersfield College Bakersfield, California9/61 - 9/63,AA
Humboldt State College, Arcata, California 9/63 - 9/65, BS
b) Special Professional (e.g. I nternships, Residencies, Specialty Boards):
Nationd Science Founddion, Graduge Fellow, 1966-1969
¢) Graduate (where, dates, degree(s) received):
Colorado State University, Fort Collins, Colorado 9/65- 8/67,MS
Colorado State University, Fort Collins Colorado 9/67 - 6/69, Ph.D.
d) Titlesof theseswritten for graduate degrees (indicate the degree; name and title of main
supervisor for each):
Ms. - Distribution and produdion of midgesin an apinelake C.S.U., R.E. Vincent
Ph.D. - Effects of fish introdudion on invertebrate faunaof an apinelake C.S.U., R.E.Vincent
€) Academic awardsand distinctions (prior to final degree):
Nationd Science Founddion Graduae Fellow, 1966-1969
American Fisheries Sodety, Best Student Paper, 1968
VariousScholastic Honors at Bakersfield and Humboldt State Colleges
Student Body vice-president, Bakersfield College 1962

PROFESSIONAL EMPLOYMENT RECORD
a) Teaching, professional or research podtions held prior to U.B.C. appointment (indicate rank or
title, dates and name of institution for each postion held):
Seasonal Aide June- Sept. 1963and 1964 California Dept. of Fish & Game, Bishop, California
Student Assistant, Sept. 1964- June1965,Humboldt State College, Arcata, Caifornia
4th yr. Fisheries Biology, Humboldt State, 19645 (labs 1/2 lectures)
Temporary Aide Jan. 1966- Sept. 1967,Colorado Game, Fish & Parks Department, Fort Colling
Colorado
Graduae Fellow, Sept. 1967- June1969,Colorado State Univ., Fort Colling Colorado
Conailtant, Dec. 1968197Q Colorado State Univ., Fort Collins, Colorado
Graduae Research Assistant, June1966- Sept. 1967, Colorado State Univ., Fort Colling Colorado
b) Date of first appointment at The University of British Columbia:
July, 1969
¢) Rank at which first appointed:
Assistant Professor
d) Subsequent ranksincluding dates of promotion:
Assodate Professor, July 1977
Professor, June1982
€) Date of granting of Appointment without Term:
July, 1974
f) Principal University and Department teaching and service responsbilities over thelag five
years.
Applied Ecology (Biol. 408), Population Dynamics (Zool. 527)
Fisheries popuktion dynamics course (Fish. 505,Z0oo0l. 521)
(have boughtoutteaching for past two years usng Pew Fellowship)
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PROFESSIONAL ACTIVITIES
a) Membership in professional and learned sodeties (including any offices held, committee
member ships, etc.)

American Fisheries Sodety, AAS (not active)

Assodate Editor, Joumd of Applied Mathematics and Computation, 1982- present
Assodate Editor, Northwest Environmental Jouma, 1985- 1993

Assodate Editor, Environmental Software, 1986- present

Editorial Board, Canadian Joumd of Fisheries and Aqudic Sciences

Assodate Editor, Environmental Management, 1995 - present

Editorial Board, Conservation Ecology

Editorial Board, Ecosystems

b) Academic or professional awards and distinctions:

Wildlife Sodety award for best paper in fish ecology and management:
Walters, C.J. andR. Hilborn. 1976.Adgptive control of fishing systems, J. Fish. Res. Bd. Canada
33(1): 145159.
Fellow of the Royd Sodety of Canada Jan. 1998
Pew Fellow in Marine Conervation, 2001:-:2004
Mote Eminent Scholar, Florida State University and Mote Marine Laboratory, 20012002
Murray A. Newman Award for Marine Congervation (Vancouve Aquaium), 2005

¢) Professional service and experience (consultancies, professional committees, commissions,
visiting professorships, invited lectur eships, etc.:

Member, Nationd Research Coundl Grant Selection Committee for Population Biology, 19731976

Research Scholar, Internaiond Ingitute for Applied Systems Andysis, Vienng 197475 (Deputy
project leader for ecology project involving six scientists)

Adjuna Professor, Department of Zoology, University of Florida, 19891991

Conailtant to Environment Canadaon Policy Planning & Research, 1972to present

Conaultant to Government of US Fish & Wildlife Service, 197780

Investigaor for the Pearse Commission on Pacific Fisheries Policy, 1981

Advisor onthe Board of Technical Experts for the Great Lakes Fishery Commission 198682

Director of Environmental & Sodal Systems Andysts Ltd. 198682

Research Scholar & Project Leader for Adgptive Resource Policy Project, Internaiond Ingitute for
Applied Systems Andysis, Vienng 198283

NSERC Strategic Grants Committee, Open Area (198487, Charman 1985)

NSERC Interdisciplinary Operating Grant Committee, 19921994

Coundl Member, Pacific Fisheries Resource Conservation Coundl, 2002004

Research Project Leader, stock assessment, Mote Marine Laboratory, 2004to present

Adjuna Professor, Fisheries and Aqudic Sciences, University of Florida 2005 present

d) Other public service:
Extensve fisheries advisory work for public agendes and indugry groups
RESEARCH AND PROFESSIONALLY RELATED SCHOLARLY AND CREATIVE ACTIVITIES
a) Areasof gpecial interest and accomplishmentsin discipline:
| have been heavily involved in the development of rapid techniques for teaching systems andysis

and mathematical moddling to biologists and resource managers, usng problem-oriented
workshopsand seminars. | have conduded over two dozen three to ten day workshopsin the past
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ten years, first for the Internaiond Canadian Fisheries Service, US Fish and Wildlife Service, and
thelnternationd Inditute for Applied Systems Andysis.

My main research work nowis onthetheory of havesting in naural resource management. | have
published on applicationsof stochastic optimal control theory to theandysis of popuktionsin
variable environments, and my chief interest isin the basic problem of how to behave adaptively
in theface of extreme uncertainty.

| also maintain an active field research program ontheresponss of aquaic communitiesto
disturbances such asremovd of selective species by introducd fish popuktionsand enhancement
of produdivity throughfertilization.

PUBLICATIONS RECORD
a) 179Publicationsor original works

Books

* Adaptive Management of Renewable Resources. 1986.MacMillan Pub. Co., Inc. N.Y. 374pp.
*Quantitative Fisheries Stock Assessment and Management. 1991 Chgpman-Hall, Pub. Co., New
York (Ray Hilborn, Carl Walters), 580 pp.

*Fisheries Ecology and Management. 2004.Walters, C. and S. Martell. Princeton University Press,
Princeton, 399p

b) 24 Completed and unpublished material including Commission Reports, Discussion Papers or
smilar material
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