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Abstract

California responded to concerns about overfishing in the 1990s by implementing a
network of marine protected areas (MPAs) through two science-based decision-making
processes. The first process focused on the Channel Islands, and the second addressed
California's entire coastline, pursuant to the state's Marine Life Protection Act (MLPA). We
review the interaction between science and policy in both processes, and lessons
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learned. For the Channel Islands, scientists controversially recommended setting aside
30–50% of coastline to protect marine ecosystems. For the MLPA, MPAs were intended
to be ecologically connected in a network, so design guidelines included minimum size
and maximum spacing of MPAs (based roughly on fish movement rates), an approach
that also implicitly specified a minimum fraction of the coastline to be protected. As
MPA science developed during the California processes, spatial populationmodels were
constructed to quantify how MPAs were affected by adult fish movement and larval
dispersal, i.e., how population persistence within MPA networks depended on fishing
outside the MPAs, and how fishery yields could either increase or decrease with
MPA implementation, depending on fishery management. These newer quantitative
methods added to, but did not supplant, the initial rule-of-thumb guidelines. In the
future, similar spatial population models will allow more comprehensive evaluation
of the integrated effects of MPAs and conventional fisheries management. By 2011,
California had implemented 132 MPAs covering more than 15% of its coastline, and
now stands on the threshold of the most challenging step in this effort: monitoring
and adaptive management to ensure ecosystem sustainability.

Keywords: California, MPA, Channel Islands, Population models, Science, Process,
Planning

1. INTRODUCTION

California responded to rising global concerns regarding the effects of

overfishing on marine ecosystems in the 1990s by implementing a network

of marine protected areas (MPAs). Here, we describe that effort in terms of

the ecological setting, the initial concerns, the enabling legislation, the plan-

ning process, and the concurrent development of the science of MPAs. We

synthesize the various kinds of success achieved, the challenges in the pro-

cess, and the potential for the future. Our intent is to provide an example for

other future MPA processes of how science interacted with the legal, social,

ecological, and economic aspects throughout the implementation process

based on our experiences as scientists involved in this process. We base

our exposition on the relevant scientific data, as well as on the century-long

history of the science of marine resource management. In particular, we take

note of the scientific developments taking place over the lifetime of the

implementation process in California and how the structure of that process

influenced the degree to which science informed the MPA design. The

California process was groundbreaking in many ways, not least of which

was the goal of developing a functional network of ecologically connected

MPAs, as opposed to a collection of multiple MPAs designed independently
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of one another. As such our summary of the process pays particular attention

to the science of MPA network design.

1.1. Physical and biological context
The marine environment of California is defined by the contrast between

the warm-temperate/subtropical southern region (from theMexican border

to Point Conception, with biota derived from the San Diegan biogeograph-

ical province) and the cold-temperate northern region (north of Point

Conception, with biota belonging to the Oregonian region; Horn et al.,

2006; Figure 6.1A). The northern region is heavily influenced by the

equatorward-flowing California Current, a highly productive Eastern

Boundary Current. High productivity is driven by spring upwelling winds,

which are more prominent to the north of Point Conception (Checkley and

Figure 6.1 Map showing MPAs in California prior to 2003 (A) and those in place as of
2013 (B). MPAs administered by the state of California are red (black in the print version),
and MPAs in U.S. territorial waters that are administered federally are outlined in blue
(light grey in the print version). Estuarine MPAs are not shown. Coloured highlighting in
(B) indicates the different Study Regions utilized in the design process that
implemented the Marine Life Protection Act (MLPA). The dashed blue line (dashed light
grey line in the print version) indicates the Channel Islands; MPAs were designed for
those islands as part of a design process separate from the MLPA, and were not mod-
ified during the MLPA process for the South Coast region. The Channel Islands MPAs
became effective in 2003, and MPAs designed under the Marine Life Protection Act
(MLPA) became effective region-by-region between 2007 and 2013.
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Barth, 2009). These winds vary from year to year, and productivity is also

modulated on longer time scales by atmospheric and oceanographic condi-

tions throughout the eastern North Pacific (Di Lorenzo et al., 2013). The

continental shelf is narrower north of Point Conception and the shallow

(<30 m depth) seafloor is primarily rocky reefs with kelp forests (comprises

Macrocystis pyrifera and Nereocystis leutkeana) subject to frequent disturbance

(Carr and Reed, 2015; Graham et al., 2008; Reed et al., 2011). In contrast,

the California Current remains further offshore south of Point Conception,

and nearshore surface waters are influenced more by warmer recirculating

flow from the California Current and the poleward-flowing Davidson Cur-

rent (the latter also extends northward past San Francisco Bay as a surface

current in the winter; Hickey, 1998; Bray et al., 1999). In addition to

warmer water, the southern region has a shallow, broad continental shelf

and several large offshore islands and supports more persistent kelp (only

M. pyrifera) forests than are found in the north (Carr and Reed, 2015;

Graham et al., 2008; Reed et al., 2011). There are key ecological differences

among the islands and the mainland (Ebeling et al., 1980). In particular, the

northwestern most Channel Islands (San Miguel, Santa Rosa, and San

Nicolas Islands) lie at the boundary between the bioregions, with cooler

waters, more frequent disturbances, and a mix of San Diegan and Oregonian

species (Hamilton et al., 2010; Pondella et al., 2005). Further south and east,

the islands experience warmer waters and less frequent disturbances. The

mainland coast south of Point Conception is more heavily influenced by

human activities (e.g. ports, hardened coastlines, intake and discharge of

power plants, recreational fishing, and urban runoff from the Los Angeles

and San Diego metropolitan areas). In general, mainland south coasts are

sandy with interspersed low relief rocky reefs, whereas the offshore islands

contain primarily high relief rocky habitat and less turbid water (Pondella

et al., 2005).

California has a Mediterranean climate, with wet winters and dry sum-

mers. Freshwater flow into the ocean is greater in the north, with several

rivers forming large estuaries (e.g. San Francisco Bay, Humboldt Bay),

although river damming has reduced both overall river outflow and variabil-

ity during the twentieth century (Hanak et al., 2011; Hundley, 2001).

1.2. Context: History of fisheries management and
conservation in California

The move to MPAs in California was influenced by the state of marine

resource management from local to global levels in the late 1990s. Globally,

208 Louis W. Botsford et al.

Author's personal copy



there was growing concern for the high fraction of global fisheries that were

reported overfished (e.g. Botsford et al., 1997; Hutchings, 2000; more

recently reviewed by Worm et al., 2009). Reports of this fraction ranged

from about 20% to more than 60%, depending on whether fully exploited

fisheries were included in the overfished category (Mace, 2001). A second,

related growing global concern was that marine resource management

was falling short because of its focus on single species, ignoring the more

extensive ecosystem effects of fishing (e.g. Botsford et al., 1997; Pikitch

et al., 2004). The proposed solution was a more holistic, ecosystem-based

approach that included the effects of (a) interactions among multiple species,

(b) incidental take of nontarget species, (c) impacts on essential fish habitat,

(d) the changing physical environment, and (e) the socioeconomic conse-

quences of ecosystem status andmarine ecosystem services.MPAs were con-

sidered to be an ecosystem-based management tool because they can protect

both the physical (geomorphological, water quality) and biotic components

of ecosystems from fishing and other anthropogenic impacts (Murray

et al., 1999).

The local context was influenced by historical events of the previous sev-

eral decades, as far back as the dramatic collapse of the California fishery for

Pacific sardine (Sardinops sagax) around 1950 (Ueber and MacCall, 2005).

A second fishery collapse occurred later in that decade with the decline

of the central California Dungeness crab (Metacarcinus magister) fishery in

1958 (Botsford, 1981; Wild and Tasto, 1983). Other management crises

followed in subsequent decades. In the 1980s, scientists and managers

became aware that the history of California’s abalone (Haliotis spp.) fishery

was a prime example of serial depletion, leading to the near extinction of

several species (Karpov et al., 2000). The many rockfish (Sebastes spp.,

Scorpaenidae) species off the California coast, ranging from nearshore reefs

to the continental slope, went from being a concern as an under-utilized

resource in the 1970s to having several species declared overfished in the

1990s (Love et al., 1998; Ralston, 1998). Interspersed among these declines

was the rapid development in the 1980s of a fishery for the red sea urchin

(Strongylocentrotus franciscanus) in northern California followed by a dramatic

decline in catch (Botsford et al., 2004) as well as large increases in live-finfish

fisheries (CDFG, 2002; Starr et al., 2002). Leet et al. (2001) provide a com-

prehensive survey of the status of California marine resources at that time.

This awareness of the vulnerability of California’s marine resources set

the context for improved management. It was coupled with an increasing

conservation sentiment among California citizens, initiated in part by the
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effects of an oil spill in 1969 in the Santa Barbara region. These sentiments

operated in the economic context of California’s diverse modern economy

(at least the eighth largest in theworld since 1970s), with dominant entertain-

ment, information technology, tourism and agricultural sectors, in contrast to

a relatively small commercial fishing sector, and an economically more

significant recreational fishing sector (Kildow and Colgan, 2005). Prior to

the recent newMPAs (the subject of this chapter), there were only scattered,

small, single-purpose MPAs in the state (McArdle, 1997; Figure 6.1A),

accompanied by areas of excluded public use near military bases.

California fisheries are managed either by (a) the state of California (for

species occurring only out to 3 nautical miles (nm; 5.56 km) offshore, the

boundary of state waters within the United States), (b) the regional council

of the federal management system, the Pacific FisheryManagement Council

(for species occurring from 3 to 200 nm, the U.S. territorial waters within

the Exclusive Economic Zone), or (c) jointly by state and federal authorities.

1.3. Context: The state of fisheries and conservation science
By the late 1990s, the science of fisheries management around the globe had

developed from concerns over declines in fishery catch in the early part of

the twentieth century, to a standard procedure of calculating maximum sus-

tainable yield (MSY) for a number of fisheries beginning in the 1950s, on to a

gradual realization that simply seeking MSY would not be sufficient

(Botsford, 2013). Concerns over the ineffectiveness of a simple MSY

approach began to arise in the 1970s (Larkin, 1977), which ultimately led

to development of a precautionary approach to fishery management in

the early 1990s (FAO, 1996; Garcia, 1996; Mangel et al., 1996). The pre-

cautionary approach emphasized frequent observation of fisheries (e.g. bio-

mass, age structure or catch), and comparison of these to reference points

(i.e. predetermined values of those variables), with consequent responses

by management, such as changes in allowable catch. These reference points

included target reference points, which were essentially management goals

similar to the earlier maximization of yield, and limit reference points, which

were intended as critical limits to guard directly against overfishing and pop-

ulation collapse. Federal fisheries management in the U.S. operated under

the Fisheries Conservation and Management Act (1976), which included

specific attention to the potential for overfishing in its 1996 reauthorization

as the Magnuson–Stevens Fisheries Conservation and Management Act

(Restrepo and Powers, 1999; Rosenberg et al., 1994).
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Parallel to the development of the reference point concept, a better

understanding of the critical features of fish population dynamics emerged

and largely supplanted the earlier approaches (e.g. logistic models, surplus

production models) originally used to develop the MSY concept

(Botsford, 2013). This new understanding centred on the realization that

the key to persistence in marine populations is the maintenance of sufficient

lifetime spawning to allow each adult to replace itself with a new recruit

within its lifetime (i.e. remaining above a critical replacement threshold).

Initial comparisons to empirical information on population collapses

suggested that preserving 35% of unfished lifetime spawning would be a safe

hedge against collapse (Clark, 1991; Mace and Sissenwine, 1993). Unfortu-

nately, this 35% replacement level was too low for Pacific coast rockfishes,

leading to overfishing (Clark, 2002; Ralston, 2002), and management has

subsequently used more conservative replacement limits. For many fisheries,

this limit is 40%. If the fishing mortality rate is high enough to cause lifetime

reproduction to fall below the critical replacement limit (e.g. 35% or 40%) in

the United States, the stock is declared to be undergoing overfishing. If the

spawning stock biomass falls below a certain fraction of the unfished biomass

(usually 40%), the stock is also declared to be overfished (Restrepo

et al., 1998).

By the late 1990s, the federal fisheries management process in the United

States had evolved to its current form (Fluharty, 2000). It generally involves

a decision-making process in regional councils (e.g. http://www.pcouncil.

com/), based on stock assessments involving population models fit to fishery

data and fishery independent data, to determine periodically (annually in

many cases) the amount of catch that should be taken. The stock assessments

and technical aspects of decisions made by these councils are reviewed by a

group of scientists called the ‘Scientific and Statistical Committee’.

As the science of fishery management was maturing, conservation advo-

cates and some fisheries biologists began to argue that fisheries could beman-

aged more cautiously, and ecosystems could be better protected by reducing

fishing effort to zero in designated protected areas, rather than attempting to

control the overall level of fishing (Murray et al., 1999). These recommen-

dations called for single protected areas, as well as ‘networks’ of protected

areas; collections of protected areas linked by larval dispersal that replenish

one another and the fished populations between them. There was also a

growing realization among scientists that a decision-making process for

management by MPAs would require new scientific understanding to pre-

dict their benefits and costs. For the most part, the models being used in
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conventional fisheries management did not consider how populations varied

over space; they were concerned with temporal variability only. To manage

populations using networks of MPAs, there would be a need to know (1)

how many MPAs are required, how large they should be, and where they

should be placed to ensure the persistence of multiple species and (2) how

does fishery yield in management by MPAs compare to yield with conven-

tional control of effort? These questions were only beginning to be addressed

when the decision-making process for California’s MPAs began in the

late 1990s.

The effort to develop the science of marine reserve design and assessment

was kick-started by a scientific working group at the National Center for

Ecological Analysis and Synthesis (NCEAS) in Santa Barbara in 1998, and

many of the seminal papers on the topic emerged from that group

(Lubchenco et al., 2003 and references therein). With regard to the first

questions (how many, how large, and where?), earlier population models

had suggested that it was best to place an MPA in a ‘source’ location (e.g.

an upstream reef in an archipelago) so that planktonic larvae spawned inside

the MPA could seed populations in other patches (e.g. Crowder et al., 2000;

but see Gaines et al., 2003; Hastings and Botsford, 2006 for potential draw-

backs to this approach). Botsford et al. (2001) approached the question from

a perspective more relevant to the California coast: a long, linear coastline

with a network of evenly spaced MPAs, and relatively sedentary fish or

invertebrate species that disperse widely as larvae. Analysis of their simple,

strategic model (as opposed to a more detailed ‘tactical’ model of a specific

location) showed that populations could persist in one of two ways: (1) in

single MPAs that were at least as wide as the average dispersal distance of

larvae (termed self-persistence) or (2) in a network of smaller MPAs covering

an adequate fraction of the coastline. This mode of persistence was termed

network persistence because even when individual MPAs within the network

are too small to sustain themselves independently, larval connectivity among

them allows the population distributed across the entire network to be

sustained (White et al., 2010a). The minimum fraction of the coastline that

must be protected to achieve network persistence was determined to be bio-

logically related to the critical replacement threshold described above in a

single-population context under conventional, non-spatial fishery manage-

ment. Under the idealized assumption that fishing removed all reproduction

outside MPAs (i.e. the ‘scorched earth’ assumption), the minimum fraction

in MPAs necessary for network persistence would be equal to the critical

replacement threshold from non-spatial population dynamics, presumed
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generally to be equal to 35% or 40%.When the amount of fishing outside the

protected areas did not reduce reproduction to zero, the minimum fraction

of coastline required for population persistence would be less. Also, the pres-

ence of alongshore flows transporting larvae would require higher fractions

in reserves (Botsford et al., 2001). Later research would build on these basic

results, further examining their sensitivity to such factors as alongshore cur-

rents, retention zones, and adult movement (Gaines et al., 2003; Kaplan,

2006; Moffitt et al., 2009; White et al., 2010a), but the central concept

has proven highly influential. In particular, the second way of achieving

the population persistence requirement was in part the inspiration for the

idea that one could formulate general guidelines for the size and spacing of

MPAs, and the idea that 35% of the coastline must be protected for MPAs

to be effective (see Gaines et al., 2010). That percentage has been cited fre-

quently as a theoretical requirement, while in reality the threshold actually

would be less with less than scorched earth fishing outside the MPAs, and

would depend on the settler–recruit relationship of a particular species, adult

movement, and alongshore currents. It is not a general rule (Botsford et al.,

2001; Kaplan and Botsford, 2005; Moffitt et al., 2009, 2011; White, 2010;

White et al., 2010a).

With regard to the second question of differences in yield betweenMPAs

and conventional management, analyses of simple, strategic models had

shown that management by MPAs and conventional management by limit-

ing catch or effort were essentially equivalent in the sense that under partic-

ular conditions, the potential yields from each would be equal (Hastings and

Botsford, 1999; Mangel, 1998). These results implied that if a fishery were

well managed (e.g. at MSY), adding MPAs would diminish yield because

fishable area would be diminished (Holland and Brazee, 1996). However,

if the fisherywere overharvested beyondMPAboundaries, thenMPAs could

actually enhance fishery yields (Holland andBrazee, 1996; SladekNowlis and

Roberts, 1999) and the enhancementwould be greatest for networks ofmany

small reserves (essentiallymaximizing the number of boundaries acrosswhich

fish could spill over; Hastings and Botsford, 2003; Neubert, 2003).

2. ESTABLISHMENT OF MPAs IN CALIFORNIA

With the exception of the few individual MPAs established in ad hoc

ways over the decades preceding the 1990s, two primary efforts in

California led to implementation of science-guided networks of MPAs in

California. The first effort was focused on the Channel Islands off southern
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California (Figure 6.1), and the second concerned a statewide network of

protected areas. We describe these processes here.

2.1. Channel Islands marine protected areas
In 1998, a group of fishermen, managers and other citizens who were con-

cerned about declining fishery resources such as abalone, lobsters, and near-

shore rockfishes, approached the California Fish and Game Commission

with a proposal to a set aside areas for protection in the northern Channel

Islands, bounding the Santa Barbara channel (CDFG, 2003; Osmond et al.,

2010; Figures 6.1B and 6.2D). The Channel Islands region is complex from

a planning perspective because of overlapping management and political

jurisdictions as well as variable environmental and ecological conditions.

Eleven federal, state, and local agencies have some jurisdiction in the plan-

ning region (Airamé et al., 2003). While both the Channel Islands National

Marine Sanctuary (CINMS) and the Channel Islands National Park (CINP)

overlap around the northern Channel Islands, neither agency regulates com-

mercial or recreational fishing. The California Department of Fish and

Wildlife (CDFW; previously the California Department of Fish and Game,

CDFG, prior to 2013) manages all fisheries in state waters (within 3 nm

(5.6 km) of shore), while the California Fish and Game Commission (an

appointed body) has authority to set all state fishery regulations, including

the creation of MPAs.

At the same time, the CINMS was beginning the process of updating its

management plan and consideration of marine reserves was included as part

of this plan. Rather than address the issue separately, the CDFG and the

Channel Islands Sanctuary Advisory Council joined efforts in 1999 to create

the Marine Reserves Working Group (MRWG), which included federal

and state agencies, commercial and recreational fishermen, environmental-

ists, and other members of the Santa Barbara community (Bergen and Carr,

2003; CDFG, 2003; Figure 6.3). Additionally, two advisory panels were

created to assist the work of the MRWG. A Science Advisory Panel

(SAP) was tasked with assembling and evaluating ecological, physical and

environmental data and a Socioeconomic Panel was formed to evaluate both

recreational and commercial industries in the Channel Islands (Airamé et al.,

2003). The MRWG developed several goals for marine reserves in the

Channel Islands (Table 6.1; Airamé et al., 2003).

The MRWG, together with professional facilitators and the advisory

panels, planned and debated for 3 years.While theMRWGwas able to agree
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on overarching goals for the MPA network, the group dissolved in 2001

without reaching a consensus on the design of a potential MPA network,

essentially ending the public process at that point (Helvey, 2004;

Osmond et al., 2010). Following this, the superintendent of the CINMS

and the Marine Region Manager of the CDFG developed a compromise

solution that reflected the work of theMRWG and the advisory panels. This

compromise plan, along with five other plans, was submitted to the

Figure 6.2 Maps of MPAs created in each of the MLPA Study Regions. No-take MPAs
(most are State Marine Reserves) are outlined in red (light grey in the print version);
limited-take MPAs (most are State Marine Conservation Areas) are outlined in blue (dark
grey in the print version). Small dots, particularly in (A), are small special closures sur-
rounding marine mammal haulout locations.
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California Fish and Game Commission. Ultimately, the compromise plan

was approved by the Commission in 2002 and a network of MPAs (primar-

ily marine reserves that allowed no commercial or recreational fishing) in

state waters was implemented in April 2003. The compromise plan did

include reserves which extended into federal waters but since the CINMS

had no authority to manage fishing or other activities, formal protection was

not extended until a separate, federal regulatory process was completed in

2007 (Osmond et al., 2010).

The science-based guidelines for reserve network design in the Channel

Islands are detailed in Airamé et al. (2003) and briefly described here

(Table 6.2). Taking both conservation and fisheries goals into account,

the SAP recommended that 30–50% of the CINMS should be protected.

Values this high were controversial. They were a collective professional

judgement based on consideration of marine reserve literature, federal

Figure 6.3 Flowchart of MPA design and decision making in the Channel Islands MPA
process and the Marine Life Protection Act Initiative. Dashed arrows indicate flows of
information (e.g. scientific guidelines); solid arrows indicate flows of MPA network pro-
posals. Circles and ovals enclose groups providing scientific or regulatory guidance;
hexagons enclose groups that originated MPA proposals based on guidelines; rounded
rectangles enclose intermediate decision-making groups that refined and rec-
ommended proposals; rectangles enclose the final decision making and
regulatory body.
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Table 6.1 Summary of goals for marine protected areas established in the California
Channel Islands (goals developed by the Marine Reserves Working Group; see Airamé
et al., 2003) and along the entire California coastline (goals specified in the Marine Life
Protection Act; see Kirlin et al., 2013)
Goal
category Channel Islands Marine Life Protection Act

Ecosystem

biodiversity

• Protect representative

and unique marine

habitats, ecological

processes and

populations of interest

in the CINMSa

1. Protect the natural diversity and

abundance of marine life and the

structure, function and integrity of

marine ecosystems

Sustainable

fisheries

• Achieve sustainable

fisheries by integrating

marine reserves into

fisheries management

2. Help sustain, conserve and protect

marine life populations, including

those of economic value, and rebuild

those that are depleted

Economic

viability

• Maintain long-term

socioeconomic viability

while minimizing short-

term socioeconomic

losses to all users and

dependent parties

Education • Foster stewardship of the

marine environment by

providing educational

opportunities to increase

awareness and

encourage responsible

use of resources

3. Improve recreational, educational

and study opportunities provided by

marine ecosystems that are subject to

minimal human disturbance, and

manage those uses in a manner

consistent with protecting

biodiversity

Natural and

cultural

heritage

• Maintain areas of visitor,

spiritual and recreational

opportunities which

includes cultural and

ecological features and

their associated values

4. Protect marine natural heritage,

including protection of

representative and unique marine

life habitats in California waters for

their intrinsic value

Management 5. Ensure that California’s MPAs have

clearly defined objectives, effective

management measures and adequate

enforcement, and are based on

sound scientific guidelines

Network

design

6. Ensure that the MPAs are designed

and managed, to the extent possible,

as a component of a statewide

network

aChannel Islands National Marine Sanctuary.
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fisheries management, dispersal rates and emerging fisheries in a qualitative

way (PFMC, 2001). This differed from the population dynamic analyses

described in this chapter in that ‘No systematic assessments of populations

within the CINMS were completed by the science panel’ (PFMC, 2001).

The northern Channel Islands are situated in a complex geographical

region with a strong environmental gradient across a relatively short geo-

graphic distance (see Section 1.1; also see Hamilton et al., 2010).

Table 6.2 Science guidelines developed by the MLPA Science Advisory Teams for
the design of MPA networks

MPA design guideline Design objective Scientific rationale

Habitat

representation

Every ‘key’ marine

habitat should be

represented in the

MPA network

Protect the diversity

of species that live in

different habitats

Based on observed

relationships between

habitat type and

marine community

composition

Habitat

replication

‘Key’ marine habitats

should be replicated

in multiple MPAs

across large

environmental

gradients or

geographic divisions

Protect the diversity

of species that live in

different ecological

regions and

geographical areas

Based on observed

transitions in

community

composition across

environmental

gradients and

geographic divisions

MPA size • MPAs should

extend from the

intertidal zone to

the offshore limit

of state jurisdiction

(5.56 km)

• MPAs should have

an alongshore span

of 5–10 km

(minimum) or

10–20 km

(preferred)

• Accommodate

the movements of

individuals across

depth zones

• Protect

populations of

mobile organisms

Based on the reported

movement scale of

marine organisms,

particularly adult

fishes

MPA spacing MPAs should be

placed within

50–100 km (or less)

of each other

Facilitate dispersal

and connectedness

among MPAs by

benthic fish and

invertebrates

Based on the reported

movement scales of

the larval stages of fish

and invertebrates

Modified from Saarman et al. (2013).
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Consequently, the SAP defined three ‘bioregions’ and recommended that at

least one, but preferably four, reserves be located in each bioregion.

The SAP combined all available information on substrate type, bathym-

etry and dominant macroalgal communities to characterize the habitats in

order to ensure protections of each habitat type (Airamé et al., 2003).

The SAP used information on species of concern or commercial importance

to weight the importance of particular habitats. With this information,

potential reserve configurations were generated using Sites v. 1, an analytical

tool for planning regional-scale reserve networks (Andelman et al., 1999;

Possingham et al., 2000). This program was precursor to the now widely

used Marxan program (Ball et al., 2009) which identifies an efficient set

of sites that collectively represent specified amounts of habitats, populations,

or other features identified by the SAP (Airamé et al., 2003). These programs

differ from the population dynamic, bioeconomic models in theMLPA pro-

cess in that they do not calculate where populations of different species will

actually persist based on spatial population dynamics (White et al., 2014; also

see Section 2.3).

The network of MPAs finally implemented in the Channel Islands

including Federal waters contained 21% of the CINMS waters in 11 state

marine reserves (no commercial or recreational fishing allowed) and two

conservation areas (where some types of fishing were allowed;

Figures 6.1B and 6.2D).

2.2. Marine Life Protection Act
The secondMPA effort in California applied to the whole state, and was ini-

tiated by conservation groups lobbying the legislature to obtain passage of

legislation called the Marine Life Protection Act (MLPA) in 1999

(Osmond et al., 2010). This law directed the state to redesign its tiny collec-

tion of MPAs (0.2% of state waters) to meet six goals (summarized in

Table 6.1). These goals were quite general, and even though the law was

the enabling legislation for theMPAs, they contained few specific operational

metrics. The goals were concerned with protection at the ecosystem level, but

they did require the state to help sustain, conserve and protect marine life

populations (Goal 2). They contained considerable ambiguities (e.g.what does

it mean exactly ‘to protect natural diversity’, and what is a ‘statewide net-

work’ of MPAs?). The MLPA had two other important requirements: (1)

that it makes use of the best readily available science and (2) that after imple-

mentation, the MPAs be monitored and subject to adaptive management.
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Enactment of the MLPA was not accompanied by sufficient funding to

implement such a far-reaching decision-making process, one that would

change marine fishery management throughout the State. This limited

funding led to problems in early implementation efforts (Weible, 2008).

In the first attempt, the CDFG formed a committee of marine scientists

to suggest locations, configurations, and boundaries for MPAs throughout

state waters. These proposed maps were presented at public meetings in

2001 as a starting point for discussion of the implementation of MPAs,

but a strong negative reaction by stakeholders to already-developed maps

led to the immediate failure of this approach. A second attempt a year later

added statewide regional stakeholder groups (RSGs) and paid facilitators to

the volunteer scientists. That attempt was also deemed inadequately funded,

and was halted in the spring of 2003 (Gleason et al., 2010; Kirlin et al., 2013),

although it foreshadowed some of the components of the later process that

eventually succeeded.

In 2004, an agreement was struck between the state government agencies

and a private foundation, the Resource Legacy Fund Foundation (funded by

conservation-minded philanthropic foundations1), to fund a decision-

making process to implement the MLPA. This process was to be controlled

by an organization known as the MLPA Initiative (MLPAI). MLPAI staff

included some state agency personnel and contractors with expertise in facil-

itation, spatial planning, geographic information systems, and policy analysis.

The planning process initiated and managed by the MPLAI divided the

California coast into five Study Regions (Figures 6.1B and 6.2), and con-

ducted the design process sequentially in each region, converting a statewide

design problem into a sequence of regional-scale processes. Within each

Study Region, the MLPAI appointed a RSG, and a Science Advisory Team

(SAT), both based in part on nominations by interested citizens within each

region. The RSGs comprises representatives of various constituencies (e.g.

commercial and recreational fishing sectors, conservation groups, education

and research sectors, interested state and federal agencies, tribal govern-

ments, and others2). There was also a Blue Ribbon Task Force (BRTF)

appointed by the state Secretary of Resources in consultation with the

Governor’s office. The BRTF comprises four to five individuals with highly

regarded experience in policymaking processes, although not necessarily in

marine or fisheries conservation. The BRTF was responsible for overseeing

1 http//www.resourcesllegacyfund.org/.
2 https://www.dfg.ca.gov/marine/mpa/centralcoast_rsg.asp.
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the integrity of the process to ensure it moved forward in a timely manner

and was true to the goals of the MLPA (e.g. pushing for consensus among

stakeholders, ensuring the RSGs strove to meet the science guidelines while

recognizing the socioeconomic trade-offs in each region). The BRTF was

responsible for winnowing lists of proposed plans emerging from the RSG,

eventually submitting a short list of potential plans (usually including a ‘con-

sensus plan’ preferred by the BRTF) to the California Fish and Game Com-

mission. In addition, the CDFG provided feedback to the BRTF, SAT, and

RSG on the regulatory and logistical feasibility of networks proposed by the

RSGs, eventually submitting their recommended network proposal to the

Commission in parallel with the BRTF (Figure 6.3). TheCommissionmade

the final decision on all MPA designs as the controlling authority for fishery

regulations in state waters.

During the planning process for the first Study Region (Central Coast),

the MLPAI and SAT developed the MLPA Master Plan (CDFG, 2008).

This document dictated the detailed procedures of the MPA design process

led by the MLPAI, and translated the somewhat vague policy goals of

the MLPA into more specific, ecologically based objectives and design

guidelines. The Master Plan was also approved by the Fish and Game

Commission, and was used by the RSG and SAT in the development

and evaluation ofMPA network proposals in the first, and subsequent, Study

Regions.

Within each StudyRegion, planning began with theMLPAI and CDFG

preparing a Regional Profile that described the ecology, human uses and

economics of the particular marine Study Region. Based on that profile

and general MPA design principles, the SAT developed a series of

region-specific scientific guidelines, presumably consistent with the Master

Plan (Table 6.2). The RSG then began the process of developing a range of

alternative, proposed spatial configurations of MPAs (Figure 6.4). Various

subgroups of the RSG, with specific perspectives (e.g. favouring either con-

servation, recreation, commercial fishing, tribal, or other considerations)

and staff support, were encouraged to develop collaborative, consensus pro-

posals. External groups were also allowed to submit plans for consideration.

Draft MPA plans were submitted to the SAT, who evaluated how well each

planmet the scientific guidelines codified in theMLPAMaster Plan. An iter-

ative process followed, with the BRTF providing advice on the SAT-

evaluated draft plans, the RSG then revising those plans and resubmitting

them to the SAT. After three to four such rounds the BRFT submitted

its recommendations to the Fish and Game Commission.
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This planning process was implemented first in the Central Coast Study

Region beginning in 2003, and theMPAs in that region took effect in 2007.

The planning process then moved to the North Central Coast (planning ini-

tiated 2007, implementation of MPAs 2010), the South Coast (initiated

2008, implementation 2012), and finally the North Coast (initiated 2009,

implementation 2013; Figures 6.1B and 6.2). Across all four Study Regions,

the MLPAI process created or expanded 124 MPAs, covering 16% of state

waters; of these 61 (9.4% of state waters) were no-take State Marine

Reserves, no-take State Marine Conservation Areas, or no-take State

Marine Recreational Management Areas (in the latter fishing is prohibited

but waterfowl hunting is permitted). The remaining MPAs were designated

limited-take State Marine Conservation Areas or limited-take State Marine

Parks (Gleason et al., 2013b).

As the planning process proceeded across the StudyRegions, theMLPAI

gradually improved outreach and interactions with stakeholders (Fox et al.,

2013a,b; Sayce et al., 2013) by broadening the range of scientific expertise

included on the SAT. In addition, new scientific tools were brought to bear

on the process, including economic analyses, increasing consideration of

spatially explicit, mathematical population models (Kaplan et al., 2006,

2009; Moffitt et al., 2009; White et al., 2010b, 2013a), and a Web-based
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Figure 6.4 As an example, a representative range of proposedMPAnetworks during the
first round of the North Coast design process. Proposed MPA boundaries are indicated
in red (light grey in the print version); boundaries of California state waters are indicated
in black. The leftmost panel shows the MPAs that existed in the region prior to the
MLPAI process. Each proposed network contains a mixture of no-take and limited-take
MPAs but these regulatory differences are not indicated on the figure.
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spatial planning interface (‘MarineMap’, which later evolved into

‘SeaSketch’, Merrifield et al., 2013).

There were considerable differences among Study Regions in the stake-

holder community, ranging from large groups of recreational fishermen and

recreational water-users (kayakers, surfers, etc.) in the South to predomi-

nantly commercial fishing interests in the North Central and North Study

Regions, with a large presence of Native American tribal stakeholders in

the North (Fox et al., 2013a; Sayce et al., 2013). The stakeholders also

became more involved in the process and more organized in their opposi-

tion or support, particularly after fishers for spot-prawn (Pandalus platyceros)

abstained from the planning process in the Central Coast, resulting in some

fishermen having all of their fishing grounds included in no-take MPAs.

Planning for the fifth Study Region (San Francisco Bay) had not yet

begun fully when Governor Arnold Schwarzenegger left office in 2011,

and as a new administration took office the political will and funding for

the MLPAI process dissipated (particularly given the number and diversity

of regulatory institutions and complicated stakeholder relationships in that

bay). As of this writing, an MPA planning process has not begun for San

Francisco Bay beyond an initial science review and considerations for the

application of the network design guidelines for that region.

2.3. Scientific guidelines in the MLPA planning process
In each StudyRegion, as region-specific or additional science considerations

emerged, regional science advisory teams (SATs) developed design guide-

lines in addition to those codified in the Master Plan. The intent of the

guidelines was to ensure that MPAs would meet the statutory requirements

of theMLPA, which required translating vague statutory language (e.g. ‘pre-

serve biological diversity’) into an ecological and operational context (e.g.

‘ensure that all habitat types were represented inside at least two MPAs in

each Study Region’). The guidelines included recommendations for local

habitat representation (what area of each key habitat should be included

across the network of MPAs), habitat replication (how many MPAs in a

Study Region should include each habitat type), and the minimum size

and maximum spacing between MPAs (Saarman et al., 2013; Table 6.2).

Eventually, guidelines were also developed for the minimum area of a hab-

itat represented within an MPA that is required for an MPA to contribute to

the spacing guidelines (i.e. network) for that habitat. There were also non-

specific guidelines that each MPA should extend from the shore all the way
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to the 3 nm boundary of state waters (in order to accommodate cross-shore

movements of fishes), and nonscientific guidelines promulgated by the

CDFG enforcement division suggesting that MPAs have straight-line

boundaries and be aligned with natural landmarks. These guidelines were

formalized in the MLPA Master Plan document and used by the RSG in

drafting proposed MPA networks. These draft network plans were then

evaluated by the SAT as to how well each proposal met the guidelines.

In addition to evaluating how well MPA network proposals met these

design guidelines above, the SAT also assessed the degree to which each pro-

posed MPA intersected with locations relevant to other types of marine spa-

tial planning. These included seabird foraging areas and rookeries, marine

mammal haulouts, and regions affected by discharge from streams with high

contaminant loads or wastewater outfalls. There was some debate among the

SAT as to whether MPAs should be designed to avoid locations impacted by

contamination, so they are more ‘pristine’ or whether they should target

impacted locations in order to leverage improvements in water quality in

the future. Similarly it was unclear how relevant seabird andmarine mammal

habitats were to MPA planning because those species were largely already

protected by separate federal and state statues (e.g. the MarineMammal Pro-

tection Act) and potentially move large distances. In general, these assess-

ments had little bearing on the final configuration of MPA networks.

An additional aspect of the SAT’s evaluation of MPA network proposals

was characterizing the impact of specific extractive activities permitted in

limited-take MPAs. Proposed networks typically included both no-take

reserves and multiple types of limited-take MPAs (Figure 6.2). To evaluate

limited-take areas, the SAT developed a protocol for characterizing the level

of protection (LOP) afforded by each specific permitted activity, depending

on the gear type used, ecosystem role of the targeted species, and other con-

siderations (Saarman et al., 2013; Figure 6.5). In the SAT evaluations, the

degree to which an MPA network proposal satisfied the scientific design

guidelines was reported in terms of those LOPs; for example, a proposal

might satisfy the size and spacing requirements if all MPAs with at least a

‘Moderate–Low’ LOP (some activities that will alter community structure

are permitted) were counted along with MPAs with higher LOPs, but not if

only MPAs with a ‘High’ LOP (no or very little extraction) were counted,

for example, of two proposed networks that similarly met the size and spac-

ing guidelines, the proposal comprises MPAs with higher levels of protec-

tion was considered to better meet the science guidelines and goals of

the MLPA.
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2.3.1 Size and spacing guidelines
The size and spacing guidelines formulated by the SAT during the decision-

making process for the first Study Region (Central Coast) were perhaps the

most influential action taken by the scientists involved in the MLPA. The

guidelines stated that MPAs should span at least 5–10 km in extent along

the coastline, but that spanning 10–20 km along the coastline would be pre-

ferred (CDFG, 2008). This size guideline was based on qualitative exami-

nation of available information on home range sizes of California species

(see CDFG, 2008 for references). The spacing guideline was that MPAs

should be separated by no more than 50–100 km. This spacing guideline

was based on information regarding larval dispersal distances (see CDFG,

2008 for references). Thus, although the guidelines did not specify a fraction

of the coastline or habitat to be placed in reserves, the initial SAT at the out-

set effectively specified that between 5% (5 km MPAs spaced 100 km apart)

and 28% (20 kmMPAs spaced 50 km apart) of the coastline should be placed

in MPAs. Recall from above that the percentage of coastline in no-take

MPAs was 9.4%, while the percentage including limited-take MPAs was

16.0% (Gleason et al., 2013b). Note that these percentages refer to the entire

Figure 6.5 Decision tree flowchart used by the Science Advisory Team to determine
the ‘Level of Protection’ afforded by an activity (e.g. fishing using a specific gear and
target species) proposed to be allowed in a limited-take MPA. Adapted from Saarman
et al. (2013).
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coastline in a Study Region, not the percentages of particular habitats or spe-

cies ranges. The size and spacing guidelines were not linked to particular

habitat types or distributions; habitat-specific protection was instead

addressed by separate guidelines for habitat representation and replication

(Table 6.2).

There was not uniform agreement among the scientists on the Central

Coast SAT that specifying a priori size and spacing guidelines was the best

approach. Some members argued that a more comprehensive evaluation

of all of the relevant factors affecting persistence of the fish populations pre-

sent would lead to better performance of MPAs in the end. The state of the

science at the time of the initial discussion (2003) was that the spatial con-

figuration of MPAs required to ensure persistence of a species was known to

depend on the larval dispersal distance of the species as well as how heavily

that species was being fished outside theMPAs (Botsford et al., 2001).More-

over, populationmodeling tools that could calculate how specificMPA con-

figurations, larval dispersal distances, and different levels of fishing would

affect the spatial pattern of species abundance were under development,

and would soon allow more direct evaluation of the effects of proposed spa-

tial configurations of MPAs on fish populations (Kaplan et al., 2006, 2009;

Moffitt et al., 2009; White et al., 2010b, 2013a). Some members of that ini-

tial SAT agreed to support the size and spacing guidelines as only a first step

representing the best available science at that time, and the guidelines were

incorporated into the Master Plan. Although the Master Plan was proposed

as a ‘living document’ that could change as the best available science evolved

(Kirlin et al., 2013), in practice it was deemed not possible to remove or fun-

damentally alter the primacy of size and spacing guidelines included in the

original Master Plan as the ‘best available science’ improved. This was

because (1) formally updating the Master Plan would require action by

the Fish and Game Commission and (2) the MLPAI was concerned about

components of the evaluation for some Study Regions differing from those

used in the other Study Regions. Additionally, some SAT members argued

that because spatially explicit population model evaluations could only be

performed for certain species with adequate information, adopting size,

and spacing guidelines without explicit calculations for any species was a

conservative buffer against uncertainty about the response of the full suite

of affected species. Consequently, the size and spacing guidelines remained

the key component of the evaluation of proposedMPAs, even as more com-

prehensive modeling evaluations became available and were also used by the

SAT in evaluating MPA network proposals (see Section 2.3.2).
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Another characteristic of size and spacing guidelines noted by scientists

familiar with decisionmaking in natural resource problems was that by effec-

tively specifying how much of the coastline to set aside in MPAs at the

beginning of the process, they limited the scope for later decision making

(Osmond et al., 2010). The size and spacing guidelines effectively limited

the ‘decision-making space’ being considered by the SAT, the BRTF,

and ultimately by the California Fish and Game Commission. However,

even in the final designs implemented by the Fish and Game Commission

not all of the MPAs in the network met the ‘preferred’ size and spacing

requirements (i.e. 20 km MPAs spaced 50 km apart).

The size and spacing guidelines were not the only factor that constrained

the design of MPA configurations by the stakeholders. Requirements for

representation of minimum areas of key habitats, particularly rare habitats,

and that those habitats be replicated in multiple MPAs throughout at Study

Region (Saarman et al., 2013) effectively ensured that MPAs would be

placed in certain key locations. Together, these requirements led to RSG

groups proposing alternative MPA proposals that were largely quite similar

to each other, particularly once plans that failed to meet the scientific guide-

lines were winnowed out in early evaluation stages (see modeling

results below).

2.3.2 Population models and fisheries
Another characteristic of the scientific evaluation of proposed MPA net-

works that raised questions among the SATmembers was the decision made

by the MLPAI in the first region to ignore the relationship of the proposed

MPAs to fisheries and their management outside theMPAs. This went so far

as MLPAI staff directing the population modelers not to use the word ‘sus-

tainability’ to describe population status, because it implied the MLPA deci-

sion making was related to sustainable fishery management. Scientists knew

by that time that including the level of fishing outside the MPAs was nec-

essary to predict the effects of the proposed MPAs on persistence of fish

populations of various species (e.g. as noted above in Botsford et al.,

2001). From the point of view of the MLPAI, however, this was a legal issue

involving whether the implementation of the MLPA was required to inter-

act with the implementation of a new law changing the way that California

fisheries were managed, the Marine Life Management Act (MLMA) (Fox

et al., 2013c).

The views of the MLPAI on the value of including fishery information

changed in response to the publication of a population modeling study that
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addressed proposed MPAs in the Central Coast Region (Walters et al.,

2007). These authors concluded that (1) movement of adult fishes could lead

to lower fish abundance in MPAs, (2) population persistence in MPAs

depended critically on fishery management outside the MPAs, (3) the size

and configuration of MPAs had little impact on population dynamics, and

(4) theMPAswere unlikely to benefit key fish species.While other modelers

associated with the MLPA process noted potential flaws in that paper (see

comments in Moffitt et al., 2009), the MLPAI began to support population

modeling more formally after that. It was decided at that time that two

groups, one at the University of California Davis and one at the University

of California Santa Barbara should each formulate population models and

report the effects of fishing on MPA performance and the effects of MPAs

on fishery catch. These two modeling efforts converged on similar model

structures and assumptions and produced similar results and were eventually

folded into a single joint effort (White et al., 2013a). Many stakeholders and

SAT members initially resisted inclusion of the models in the decision-

making process, in large part because of debate about whether the model

should assume that future fishing outside MPAs should be assumed to be

at sustainable levels or unsustainable levels (White et al., 2013a). In the

end, the models did not supplant the primary role of the size and spacing

guidelines in the decision making. These guidelines were based on the

assumption that current fishery management provided little protection

against overfishing (Gaines et al., 2010; MRWG SAP, 2001).

The populationmodels developed under theMLPA initially were exten-

sions of the original modeling approach taken by Botsford et al. (2001) in the

sense that they assumed the California coastline was essentially linear and that

larval dispersal could be approximated by a symmetrical, spatially homoge-

nous dispersal kernel (e.g. Figures 6.6A–D). That type of model was used to

advise the design process in the Central Coast and North Central Coast

regions, but in the South Coast and North Coast regions, the modeling

groups developed two-dimensional models with finer (1 km2) spatial reso-

lution, and used results from Lagrangian simulations of larval dispersal in

ocean circulation models (Drake et al., 2011; Mitarai et al., 2009) to obtain

connectivity matrices for the population models (e.g. Figures 6.6E–H;

White et al., 2013a). These models afforded much finer-scale assessments

of the likely performance of individual MPAs (White et al., 2013a), and later

analysis showed that they could have guided the planning process to network

designs with higher fish biomass and higher fishery yields than those

obtained by following the SAT’s more general guidelines (Costello et al.,

228 Louis W. Botsford et al.

Author's personal copy



0 100 200
0

0.2
0.4
0.6
0.8

1

Distance along coast (km)

R
ec

ru
it 

de
ns

ity

P
ro

po
sa

l C

0 100 200
0

0.2
0.4
0.6
0.8

1

N
o 

A
ct

io
n

0 100 200
0

0.2
0.4
0.6
0.8

1

Distance along coast (km)
0 100 200

0.2
0.4
0.6
0.8

1

Red abalone
(highly sessile)

Black rockfish
(highly mobile)

Suitable habitat

MPA

0

B
iom

ass 
(relative to unfished)0

0.4
0.8

P
ro

po
sa

l E
xB

N
o 

A
ct

io
n

P
ro

po
sa

l E
xB

N
o 

A
ct

io
n

20 km
N

Red abalone
(highly sessile)

Black rockfish
(highly mobile)

B
iom

ass 
(relative to unfished)0

0.02
0.04

A B

C D

E

F

G

H

Figure 6.6 Representative results showing differences in the response of species with
different larval dispersal distances to alternative MPA network proposals. In (A–D), a
population model that approximated the North Central Coast Study Region as a linear
coastline predicted that red abalone (Haliotis rufescens) would have self-persistent
populations within MPAs in either the sparse ‘No Action’ proposal (with only previously
existing MPAs; (A) or the conservation-oriented Proposal C (C). By contrast, black rock-
fish (Sebastes melanops) were predicted to have network persistence only in Proposal
C (D). In (E–H), similar results for the same two species are displayed for the higher-
resolution two-dimensional model used in the North Coast Study Region, for either
the No Action alternative or the conservation-oriented Proposal ExB. In the North Coast,
black rockfish populations were sustained by network persistence by the North Central
Coast MPAs to the south of the Study Region, even in the No Action scenario (G). For
model details, see White et al. (2010b, 2013a). In all of these examples, the populations
were presumed to be overfished (i.e. lifetime reproduction was below the critical
replacement level).
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2010; Rassweiler et al., 2014). However, even these models had a key lim-

itation: in the absence of estimates of present-day population density of spe-

cies along the coastline, it was not possible to initialize the models to make

short-term predictions, and only long-term equilibrium abundances could

be forecast. This would prove to be an obstacle to using the models to guide

short-term assessment and adaptive management of the MPAs (White et al.,

2011; see Section 3).

Although the models became more sophisticated over the course of the

MLPA process, the basic way that the modeled populations responded to

MPA network designs and fishing did not change. The models developed

to predict population responses to network designs evolved in complexity,

from early modeling with an assumed straight coastline, and an assumed

shape of a larval dispersal kernel for the Central Coast Study Region, along

with results of later modeling with real coastlines and bottom topography,

and larval transport from a circulation model for the North Coast Study

Region (Figure 6.6). In the former models (Figures 6.6A–D), a short dis-

tance disperser, red abalone (Haliotis rufescens), persists in some locations even

without additional MPAs while under Proposal C, this species persists wher-

ever there is both suitable habitat and anMPA, but not elsewhere. The black

rockfish (Sebastes melanops), a species with long larval dispersal distances and a

large home range, does not persist anywhere under the assumed level of

overfishing, and evenwith substantial area inMPAs, does not persist at a very

high level (however, this highly mobile species was predicted to persist at

higher biomass under lower levels of fishing; White et al., 2010b). Using

the more sophisticated circulation model (Figures 6.6E–H) in a different

region, the results are not as dramatically different between species and pro-

posed plans, but the benefits of MPAs for both species can be clearly seen.

Because this form of graphical results (e.g., Figure 6.6) from the popu-

lation models involved too much detail for MLPA decision-making groups,

the results for a number of different proposals were summarized (Figure 6.7).

Stakeholders and decision-makers could see how the conservation value

(total biomass of all model species) and the economic value (total fishery

yield) of each proposed MPA network varied with the different fractions

of coastline in MPAs, at different levels of fishing outside the MPAs. As

the total area in MPAs increased from the plan with the lowest fraction

to the highest fraction, conservation value never decreased, and often

increased. However, fishery yield increased with MPA area only in the

case when it was assumed that overfishing was occurring outside MPAs.

When it was assumed that fishing levels outside were at the level producing
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MSY or less, fishery yield declined with increasing area in MPAs (White

et al., 2013a).

These results for the South Coast Study Region also provide an example

of how the range of proportions of habitat protected by proposed MPAs

contracted as the deliberation among proposals proceeded (Figure 6.7).

The original proposals (Figure 6.7, open circles) ranged from 0.05 to

0.35, then contracted to a range of 0.07 to 0.28 (Figure 6.7, solid circles)

by the final round of decisions for the BRTF. The plan eventually chosen

by the California Fish and Game Commission (Figure 6.7, star) was midway

between these.

Viewing the conservation and economic values together (Figure 6.7C)

indicates whether there are trade-offs involved or a win-win situation.

When the species are overfished, total yield and total biomass increase

Figure 6.7 Example of the summary analysis of proposed MPA networks by the UC
Davis bioeconomic model (White et al., 2013a). Each point is the result for one proposed
South Coast Study RegionMPA network, evaluated for onemodel species (the California
sheephead, Semicossyphus pulcher). Panels show (A) equilibrium biomass in the Study
Region as a function of the proportion of shallow rocky reef habitat (<30 m depth) in
the Study Region protected by MPAs where sheep head fishing would be prohibited;
(B) equilibrium fishery yield as a function of the proportion of habitat protected; and
(C) equilibrium biomass as a function of equilibrium fishery yield. Biomass (kg) is
expressed relative to the equilibrium unfished biomass estimated by the model, and
yield (kg) is expressed relative to the maximum sustainable yield (MSY) for that species
in the absence of MPAs, as estimated by the model. Because future fishing levels are
unknown, results are shown for three different possible levels of harvest outside of
MPA boundaries: unsustainable (the fishery would collapse without MPAs; red symbols
(grey in the print version)), MSY-type (the fishery would be at or near MSYwithout MPAs;
blue symbols (dark grey in the print version)), and conservative (the fishery would be
below MSY without MPA (because of low fishing); green symbols (light grey in the print
version)). Open symbols indicate proposals generated in the first two rounds of the
design process, closed symbols indicate proposals from the final round, and the star
indicates the ‘preferred’ proposal selected by the Blue Ribbon Task force. See White
et al. (2013a), for model details.
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together. When the fishing level is at or below that causing MSY, fishing

yield declines as total biomass increases.

The science of population modeling for MPAs developed rapidly during

the period of the MLPA process. Kaplan et al. (2006, 2009) showed how

differences in larval dispersal distances among species, and spatial heteroge-

neity in the distribution of habitat would affect the persistence and spatial

distribution of different species with alternative MPA network proposals

for the Central Coast Study Region. Moffitt et al. (2009) then showed

how accounting for the additional effect of movement of adult fish within

home ranges reduces the effectiveness of MPAs. This model achieved the

capability to quantitatively evaluate population persistence considering

the combination of adult and larval movement, as the SAT had done qual-

itatively in developing the size and spacing guidelines. Accordingly, Moffitt

et al. (2011) next analyzed the effects of size and spacing guidelines in a way

that also accounts for the level of fishing and the spatial configuration of the

MPAs. Because the effects of proposed MPA networks on populations

depends on the intensity of fishing outsideMPA boundaries (which is highly

uncertain at the local scale of MPAs), White et al. (2010b) used population

models to perform a decision analysis, evaluating likely MPA performance

over a probability distribution of different ‘states of nature’ (Hilborn and

Walters, 1992) representing different levels of fishing. The results illustrated

how recommendations for MPA design could depend on decision-makers’

assumptions about the effectiveness of conventional fisheries management in

the future (fewer and smaller MPAs would be recommended under optimis-

tic assumptions about conventional management), but this type of analysis

was not adopted by the MLPAI.

2.3.3 Economic assessments
Although economic considerationswere not among the statutory goals of the

MLPA (Table 6.1), the MLPAI and BRTF recognized that the fishing com-

munities in each Study Region faced potentially substantial economic costs

from new MPAs. Consequently, the SAT in each region also considered

assessments of the economic costs of lost fishing grounds in each MPA net-

work proposal. Scholz et al. (2004, 2011) describe the details of the analysis

used. Essentially, in each Study Region they surveyed a stratified sample of

participants in important commercial and recreational fisheries as to the

extent and relative stated importance of their fishing grounds, as well as a

number of demographic and operating cost variables. The aggregated data

were then used to calculate the percentage of fishing grounds closed under
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each MPA network proposal, as well as the minimum first order economic

losses due to that closure. These assessments were highly valued by RSG

members and the BRTF because it was one of the few SAT analyses (along

with the bioeconomic population models) that centred on the economic

costs of MPAs rather than the potential ecological benefits. An important

limitation to the economic analysis was its static nature: it implicitly assumed

that fishing grounds insideMPAswere a complete loss; i.e., there was noway

to account for the potential increase in biomass insideMPAs that could even-

tually ‘spill over’ and sustain fishery yields. Thus the analysis reflected only the

initial short-term costs of closing fishing grounds; this was a mirror image of

the limitation of the population modeling, which could project long-term

equilibrium outcomes but not short-term trajectories (White et al., 2013a).

2.3.4 What species were likely to benefit?
The science guidelines codified in the Master Plan (Table 6.2) operated on

the assumption that by setting aside a certain fraction of habitat area, species

would persist at higher levels within those areas, and ecosystems would be

preserved in a more natural state. Consequently, the list of ‘species likely to

benefit’ from theMPAs assembled by the SAT in each region, as required by

the MLPA, typically included any species that could be taken in a fishery, or

that might benefit from reduced disturbances or habitat improvements

inside MPAs. Such lists did not reflect species differences in harvest pressure

present, larval dispersal patterns, adult movement rates, or other life history

characteristics that were known or predicted to affect the response of species

to MPAs (Botsford et al., 2001; White et al., 2010b, 2011). In general, it

should be reasonable to expect any fished species to increase in abundance

to some degree after protection in an MPA (assuming that fishing mortality

exceeds any negative effects of the MPA on predator–prey and competitive

interactions among fished species), but the compilation of a broad, unranked

list contributed to the expectation that there should be -the-board increases

in fish abundance after MPA implementation. This turned out not to be the

case: preliminary post hoc assessments show that not all fished species have

increased, and some have increased much more than others (Hamilton

et al., 2010; see Section 3.1).

3. IMPACTS OF THE MPAs

Because the Channel Island MPAS were implemented in 2003, and

the first region of the MLPA was implemented in 2007, there has been a

233Marine Protected Area Networks in California, USA

Author's personal copy



relatively short time for impacts to occur, be observed and be interpreted

through analysis, especially as regard potential network benefits. Moreover,

there have been very few studies conducted to evaluate social or economic

impacts for either of these networks.

3.1. Ecological impacts
The ecological impacts of the Channel Islands MPAs are more apparent

because of the longer time since implementation. One key development

has been the realization that removing the confounding effects of biogeo-

graphic and physical factors is key to detecting effects (Hamilton et al.,

2010). Results after 5 years showed large increases for several fished finfish

species, but curiously no net change in abundance for other fished species

(e.g. the recreationally fished kelp bass, Paralabrax clathratus) possibly due

to environmentally driven failures in larval recruitment in the years after

implementation and the short time scale involved. Kay et al. (2012a) also

documented an increase in catch-per-unit-effort (CPUE) and the size of

spiny lobsters (Panulirus interruptus) inside of MPAs, but not outside. More-

over, inside theMPAs, lobster CPUE increases with distance from theMPA

boundary, which could imply spillover, but could also be due to poaching

(Kay et al., 2012b).

For the MLPA MPAs, there is a mandated periodic 5-year review and

evaluation process. This has been completed for the Central Coast Study

Region, and is underway for the North Coast Study Region. The monitor-

ing effort is managed jointly by the California Ocean Science Trust

(CalOST) and CDFW (OST, 2013). It began early enough to be considered

baseline monitoring and continuing monitoring is planned. The monitoring

effort is directed at measuring ecosystem-level effects, but it includes single-

species population outcomes. Initial evaluations for the Central Coast Study

Region have been mixed, with some species showing increases and others

showing decreases; potentially a result of high variability in environmental

conditions and larval recruitment (OST, 2013). This initial report is of lim-

ited utility in that reported results of monitoring are not accompanied by

associated measures of uncertainty, such as confidence limits.

3.2. Fishery impacts
As noted above, a method for assessing the loss of preferred fishing grounds

based on interview data was developed during the implementation of

the MLPA MPAs (Scholz et al., 2011; White et al., 2013a). These are
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short-term, worst case cost projections that do not account for long-term

trends (positive or negative) and they have not been tested since the imple-

mentation of the MPAs.

Currently, several economic studies of the response of fishing are in place

to track the effects of the MPAs on fishing, but it is too early to describe

extensive results (OST, 2013). The results of a survey of fishermen reporting

howmanywere affected by the implementation of theMPAs are reported in

OST (2013).

3.3. Interface with fisheries organizations
There has been some coordination with fisheries management regarding the

Channel Islands MPAs. The Pacific Fisheries Management Council, the

regional federal management body, reviewed the Channel Islands imple-

mentation process in 2001 (PFMC, 2001). The Channel Island MPAs were

originally implemented in State waters only (i.e. out to 3 nm from shore),

and later extended into federal waters (i.e. out to 200 nm from shore).

Although California’s MLMA, passed near the same time as the MLPA

specifically recognized the MLPA as a means by which the state could move

toward a more ecosystem-based approach to fisheries management, there has

been no formal consideration for integration of the MPA networks into the

state’s approach to fisherymanagement (CDFG, 2001, 2002).As noted above

(e.g. Figure 6.7), the population models indicated that fishery yields would

decline with increasing area in MPAs if the fishing effort was that producing

MSY, or less. However, theMLPA process concluded that this should not be

accounted for because future fishing levels were highly uncertain.

However, two studies have explored the application, or potential applica-

tion, of these reserves for informing stock assessments. Schroeter et al. (2001)

demonstrated the application of reserves in evaluating the fishery status of the

warty sea cucumber (Parastichopus parvimensis) in the northernChannel Islands.

Similarly, Babcock and MacCall (2011) explored the application of reserves

for stock assessments for a suite of nearshore California fishes.

3.4. Social impacts
There were some strong negative responses to MPAs by fishermen. The

strongest was the response by fishermen in northern California to the early

attempt to implement MPAs (see Section 2). Later, there was strong resis-

tance by fisherman in the Southern California Study Region (including law-

suits seeking to enjoin the implementation of the MPAs; Fox et al., 2013a),
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and resistance by Native Americans in the northern California Region (see

Fox et al., 2013c for details). Nonetheless, the MLPAI process was purpose-

fully inclusionary and iterative, and strove to ensure that all stakeholder

groups had opportunities to voice their views (Fox et al., 2013c; Sayce

et al., 2013).

3.5. Enforcement and its effectiveness
The importance of enforcement to management with MPAs is widely

appreciated, but the deleterious effect of violations of MPAs on monitoring

and adaptive management may not be as well appreciated. The presence of

poaching in MPAs can render the task of assessing the protective effects of

MPAs almost impossible. One remedy that can reduce that effect is carefully

keeping records of violations, and, if possible, their biological effects. This

point is underscored in the history of California’s MPAs. Recorded levels of

poaching was one of the potential reasons for the lack of a significant differ-

ence in fish density between reserve and non-reserve sites Hopkins Marine

Life Refuge (one decade old) and Pt. Lobos Marine Reserve (two decades

old), both in Central California (Paddack and Estes, 2000).

CDFW is the agency responsible for enforcement of the MPAs. They

patrol by boat, and can respond to poaching in progress. Records of viola-

tions are kept, and presumably will be available for analyses associated with

adaptive management of the MPAs. Between 2008 and 2011 (4 years)

between 3 and 16 violations of MPAs occurred per year in the central coast

region (OST, 2013).

4. OVERVIEW: LOOKING AHEAD

4.1. What was achieved?
In the Channel Islands a contentious, early decision-making process led to

the implementation of 13 MPAs in state waters, which were eventually

extended to federal waters (Figures 6.1B and 6.2D). These covered 21%

of the CINMS waters.

The Channel Islands process likely influenced the development of the

MLPA by calling attention to the effects of stakeholder involvement and

a strong role for science-based guidelines. One important difference

between the Channel Islands process and the MLPA is that in the Channel

Islands, local community members initiated an ad hoc process that grew into a

joint state and federal partnership, but without overarching legislation to
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drive the process (Osmond et al., 2010). Though there exists no formal state-

sponsored monitoring to evaluate the impacts of the Channel Island reserves

separately from the South Coast Study Region, independent academic

(Partnership for Interdisciplinary Studies of Coastal Oceans) and federal

(Channel Islands National Park Service) studies continue.

A number of achievements were accomplished under the MLPA. The

law was passed, and 124 MPAs were implemented through a public

decision-making process. A number of publications are now available

focused on how implementation of the law was successfully accomplished

(Gleason et al., 2013a and references therein). It has not yet been demon-

strated that the central goal of the MLPA, i.e., improvement of the sustain-

ability of California’s coastal ecosystem, has been accomplished. That will

require implementation of the adaptive management of the MPAs, which

includes, as a first step, evaluation of monitoring data to determine whether

they are ‘working’. As we have noted in this chapter, adaptive management

following implementation is a requirement of theMLPA. Baseline monitor-

ing has been accomplished and a monitoring framework is under develop-

ment. So far monitoring of abundance and size distributions of key species,

both inside and outside of the MPAs has been accomplished over the 7 years

since implementation in the Central Coast Region. A meeting organized by

the CalOST in February 2013 celebrated proposed indications of success

(OST, 2013). However, the results presented at that meeting did not include

an account of uncertainty in estimates (e.g. confidence limits). Additional

time and analysis will be required to assess the performance of these MPAs

more definitively. Work in progress by the authors on direct assessment of

potential increase of abundance and mean size of three species, inside and

outside of three MPAs in the Central Coast Region indicate abundance

and sizes have not increased. Population modeling of expected population

responses of these three species, accounting for observed levels of recruit-

ment variability and local estimates of fishing mortality, indicate that it is

too early to expect to detect positive indications that these MPAs have

had the desired effect.

4.1.1 Resistance to global change
California faces a number of specific, identified threats from climate change,

and the predicted responses of species indicate that California’s MPAs will

provide some resilience to their effects. Two key design traits of the MLPA

network underpin the potential for the network to buffer the effects of cli-

mate change on species and communities; the depth range of individual
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MPAs and the spacing between MPAs scaled to larval dispersal distances

(Carr et al., 2010). Increases in sea surface temperatures and thermal strati-

fication cause increased vulnerability of species to thermal stress at shallow

depths. Whether stress-related or reflecting thermal preferences, species

populations find thermal refuge in deeper cooler waters (e.g. Dulvy et al.,

2008). California MPAs that extend from the intertidal to the outer edges

of the continental shelf provide protection for species as populations shift

to deeper depths. Another phenomenon associated with climate change is

an overall warming of ocean temperatures and a concomitant latitudinal

(poleward) shift in species ranges (e.g. Perry et al., 2005; Pinsky et al.,

2013; Poloczanska et al., 2013), including a poleward shift in intertidal spe-

cies over a 30-year period documented in California (Barry et al., 1995).

Larval transport is an important mechanism by which species shift distribu-

tions along the coast (Gaylord and Gaines, 2000). Spacing and larval connec-

tivity among MPAs can allow species to track changes in water temperature

while maintaining protection afforded by MPAs by shifting from one

protected area to another as their ranges shift along the coast.

The adaptive management scheme specified in the MLPA also contrib-

utes to the resilience to global change. The MPAs will be sampled for mon-

itoring every 5 years, tendencies for species to shift distribution can be

detected and accounted for by moving boundaries if desired.

There are also indications that both the magnitude and seasonal timing of

upwelling in the California Current large marine ecosystem have changed

and will continue to change (Bakun, 1990; Garcia-Reyes and Largier,

2010; Snyder et al., 2003). In addition to the proposed long-term, gradual

changes, there have been a number of episodic changes in physical condi-

tions that have affected marine populations, including a period during which

upwelling began later in the year near 2005 (Barth et al., 2007), and occa-

sional periods of anoxia at various locations (Chan et al., 2008; Grantham

et al., 2004). The most recently identified effect of increasing CO2 is the

observation that upwelled waters are becoming increasingly acidic (Feely

et al., 2008).

The evaluations of proposed MPAs throughout the MLPA implemen-

tation indicate there will likely be some amelioration of the effects of climate

change and ocean acidification through the increase in lifetime reproduction

implied by the increase in biomass with area in MPAs in virtually all of the

population model results. The results of population modeling during the

MLPA process showed that increasing coverage in MPAs would not cause

a decline in biomass, and in many examples it would cause an increase in
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biomass. This increase in biomass was due to an increase in lifetime repro-

duction in the affected species provided by the proposedMPAs, lifting them

further above their critical replacement level. This increase in replacement

provides a buffer against both long-term decline in population productivity

and occasional episodic low rates of survival or productivity. A MPA

implemented nearby in Mexico provides a clear empirical example of this

increase in resilience provided by MPAs (Micheli et al., 2013). There the

greater potential for reproduction in the protected population was sampled

and the consequences for sustained settlement during a hypoxic period were

directly observed.

5. FUTURE REQUIREMENTS

The task remaining in the management of California’s newMPAs (i.e.

implementing and executing their adaptive management) is arguably the

most important part of the Channel IslandsMPA and theMLPA efforts, both

from the perspective of local resource management and the global need for

information regarding the performance of MPAs. One of the initial steps

requiredwas to reanalyze the populationmodel responses toMPAs, focusing

on the short-term, transient population response, rather than the long-term

effects used in the decision making for the MLPA. The general expectations

of fish population transient responses to a removal of fishing mortality have

been described (White et al., 2013b). In addition, how these responses would

be detected from sampling over a range of temporal and spatial scales have

been compared (Moffitt et al., 2013). Both of these results depend, of course,

on the level of fishing to which the populations have been subjected prior to

the implementation of the MPAs. Because fishery management commonly

resolves variability in fishing onlywith coarse spatial resolution, the local fish-

ing mortality rates affecting specific MPAs will need to be estimated from

local size distributions. The observed population responses to implementa-

tion will also depend on annual variability in past recruitment, as well as

measurement errors.We are in the process of evaluating the combined effects

of these for a number of species and locations in the central coast region. The

results indicate that it is currently too early to detect expected increases in

population abundance or individual size, given the time scales and

stochasticity inherent in the dynamics of these populations.

The fact that physical oceanographic conditions influence recruitment,

individual growth, fecundity and mortality rates, as well as larval dispersal of

species in a network of MPAs suggests that physical observations will be
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essential for interpretation of the monitoring of the biological status of fish

species in a network of MPAs. Carr et al. (2011) explained how monitoring

of the effects of MPAs on fish size and abundance, as well as the relative

make-up of the species composition in the fish community could benefit

from monitoring of specific physical oceanographic variables by recently

developed ocean observation systems (e.g. in the United States, the

various OOSs).

A framework plan for future monitoring in support of adaptive manage-

ment of MPAs in California is currently under development through a col-

laboration between the CDFW and California’s Ocean Science Trust. This

plan is aimed at the ecosystem level, as were the MPA implementation

efforts described herein. However, it correctly seeks operational information

at the population level, i.e., species densities and size distributions. From the

material presented in this chapter, it appears that if this planned monitoring

occurs, it would provide the information needed for adaptive management

only if it (a) made use of the population results regarding transient responses

to link MPA effects to monitoring observations and (b) provided the infor-

mation necessary to allow the adaptive management program to account for

uncertainty. The former would be required to connect life histories and

MPA designs to the observations, as required for adaptive management

(i.e. for asking whether the observations match the ‘predictions’?). The latter

would be vital, simply put, to guarantee that the adaptive management

would be based on statistically significant results. The need for both of these

is especially acute in this case because of the complexity of this kind of

resource management, and the nascent nature of our understanding of it.

5.1. Could it have been achieved differently/more effectively?
Not surprisingly, there is a range of opinions regarding whether implemen-

tation of these MPAs should have been done differently. These opinions

depend largely on one’s view of the ultimate goals of the MLPA, and more

generally, the role of science in resource decision making.

Whether the size and spacing guidelines should have played such a dom-

inant role is a central question. They were formulated on a qualitative basis as

‘rules of thumb’, statements formulated to facilitate the formulation of initial

spatial configurations for proposedMPAs (Carr et al., 2010). Such rules serve

a useful purpose in expediting broadly based decision making, and these cer-

tainly played that role in the MLPA, as did the similar specification of the

fraction to be placed in MPAs in the Channel Islands implementation.
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The problem with these guidelines was that they came to be very influ-

ential in the design process, and were treated as rigorous scientific require-

ments, which they were not. That is, there is not a quantitative basis for

saying that the MPAs would be optimal in any sense, if they satisfy those

guidelines. As can be seen in Figure 6.8, greater area in MPAs will protect

more species, and even a figure such as that one depends critically on the

amount of fishing assumed. Analyses such as these with population dynamic

models could have been used to create more realistic lists of species expected

to benefit.

The size and spacing guidelines were based on the intuitive ideas that (1)

MPAs should be big enough for some species home ranges to be contained

Figure 6.8 Illustration of the nonlinear relationship between MPA size and spacing and
the persistence of marine populations. Results are derived from a population model of
idealized species living on an infinite linear coastline with homogenous habitat. Model
species had different combinations of larval dispersal distance (expressed as the stan-
dard deviation of a symmetrical dispersal kernel) and adult home range size (expressed
as the diameter of the home range). The coastline had no-take MPAs spaced 50 km
apart, and with sizes of 5, 10, or 20 km wide (alongshore dimension). Movement scale
combinations interior of each contour lines indicates the range of species that would
persist within different size and spacing configurations. Approximate estimates of adult
and larval movement scales for several California species are shown for comparison. For
5 or 10 km MPAs, only 10% or 20% of the coastline respectively, in is MPAs, and species
only persist if movement is low enough to allow self-persistence. For 20 km MPAs, the
total MPA area (40% of coastline) is sufficient for network persistence, protecting a
much greater range of movement combinations. Thus gradual increases in MPA size
(or decreases in MPA spacing) can yield abrupt jumps in the protection afforded by
the MPAs. Adapted from Moffitt et al. (2011).
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within them and (2) MPAS should be close enough together for the larvae

from one MPA to reach other MPAs. When implementation of MPAs

under the MLPA began, these rules were probably the best way to begin

drawing lines on maps. But at about that same time, scientists were discov-

ering that (a) the dependence of persistence of populations on size and spac-

ing change completely with different amounts of fishing outside the MPAs

and (b) the dependence of persistence on size and spacing was not linear, as

presumed by these rules of thumb (Botsford et al., 2001; Hastings and

Botsford, 1999; Mangel, 1998; Moffitt et al., 2011; Figure 6.8).

Use of the size and spacing guidelines narrowed the range of decisions

that could be made by the RSGs, the SATs, the BRTFs, and the California

Fish and Game Commission (Osmond et al., 2010). The question of

whether scientific advice should have played that role in the decisions is cer-

tainly a reasonable one. Should the role of scientific advice in resource deci-

sion making be merely to provide the best possible estimate of the

consequences of various policy actions, or should scientists be specifying

the policy actions? Such specification of scientific advice would be regarded

by some as bordering on advocacy of a specific policy, rather than just the

provision of objective scientific advice regarding the consequences of a spe-

cific policy.

Adoption of the size and spacing guidelines led to the early misunder-

standing that the effects of MPAs on populations and ecosystems did not

depend on the level of fishing outside of MPAs, hence fishing could be

ignored in the MLPA process. This changed with the publication of

Walters et al. (2007), after which there was greater acceptance of population

modeling that accounted for the controlling effects of fishing and individual

movement rates. However, the effects of fishing levels on MPA responses

were never specifically accounted for in the decision-making process, even

though a decision analysis based on the uncertainty in fishing rates was

developed (White et al., 2010b). The effects of MPAs on fishing were only

minimally accounted for through the economic analysis of Scholz et al.

(2011). Moreover, thus far the monitoring of fishing activities outside MPAs

at relevant spatial scales across California’s network has not been implemented.

Additional support for the broad application of the size and spacing

guidelines was recently proposed by Gaines et al. (2010), who presented

the same qualitative argument that MPA size should depend on home range

andMPA spacing should depend on larval dispersal distances, but also related

the resulting suggested fraction in MPAs to the results from Botsford et al.

(2001). They noted that their conclusion that one-third of the coastline
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should be inMPAs was close to the 35% result in Botsford et al. (2001). That

reference by Gaines et al. (2010) was appropriately qualified by noting that it

was the result obtained for the case in which fishing removes all of the fish

outside the MPAs (i.e. the ‘scorched earth assumption’). However, use of

the value of 35% was justified nonetheless by stating that we needed to

assume complete fishing removal to guard against that eventuality since there

was so much overfishing in the world. Making such an assumption elimi-

nates consideration of how much fishing there is (or should be), and sup-

plants policy decisions regarding the level of precaution that should

taken, narrowing the scope for decision to be made by the BRTF and

the California Fish and Game Commission.

Ignoring the effects of MPAs on fishing (i.e. possibly reduced fishery

yield), and the effects of fishing on MPAs (possibly lower MPA fractions

needed) are not recommendations that we would make for future MPA

efforts. In fact, an increase in fishery yield is often the promise associated

with implementation of MPAs. Our recommendation would be to attempt

to determine which situation applies in Figure 6.7B: overfished (red

symbols), fished at MSY (green symbols) or fished less than MSY (blue

symbols).

Adopting size and spacing guidelines with primacy over explicit consid-

eration of species movement rates and level of fishing through population

modeling in the implementation of the MPAs of the MLPA limited efforts

to meet two requirements of the act: (1) the requirement for the use of the

best available science and (2) the requirement for adaptive management. As

the science of quantitative assessment of MPAs developed, new scientific

advances could not be incorporated into the MLPA decision making

because that would be perceived as changing the rules between Study

Regions. Lack of quantitative, population-specific results of the expected

benefits of the MPAs limited the ability to perform an essential element

of adaptive management: comparison with the predicted benefits (and costs)

of the management action. This removed explicit consideration of major

uncertainties such as those in fishing levels and larval dispersal, as well as con-

sideration of another societal input, fishing outside theMPAs. There is broad

appreciation of the value of adaptive management in combating uncertainty

to avoid management failures in biological resources (Parma and NCEAS,

1998). California now has the opportunity to move forward with the adap-

tive management of these newly implemented MPAs in a way that accounts

for uncertainty and fishing through population modeling and monitoring

(e.g. Moffitt et al., 2013; White et al., 2013b).
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6. SUMMARY

In summary, California implemented a network of 132 MPAs, cov-

ering more than 15% of its coastline, in a science-based, stakeholder-

inclusive process. The success of this outcome was driven by the passage

of a law, substantial funding by philanthropy, qualitatively justified size

and spacing guidelines, and paying minimal attention to fishery interactions

(Fox et al., 2013c; Osmond et al., 2010). The goals of the Channel Islands

and the MLPA processes go beyond mere implementation of MPAs, but

rather concern the ultimate effects of those MPAs on California’s coastal

ecosystem. Whether these goals are met will depend strongly on the out-

come of future monitoring and adaptive management.

In spite of the fact that future attempts to implement MPAs will likely not

have the same financial resources as California (see Gleason et al., 2013b for an

accounting of costs), and may not have the same fishery infrastructure,

California’s experiencemay be valuable. It seems that some level of evaluation

of the interactions of proposedMPAswith locally fished specieswill be possible

andworthwhile, rather than simply choosing a fractionof coastline tobeplaced

inMPAs. Thismore comprehensive approachwill enable (a) direct interaction

withmanagement of the fishing outside theMPAs and (b) direct integration of

MPAdesign into anMPAmonitoring and evaluation program, achieving true

adaptive management. That type of integrated management approach is nec-

essary for the science of MPAs to proceed.
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