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1 INTRODUCTION 

 For centuries humans have depended and relied on the bounty of the world's 

oceans to deliver a seemingly endless supply of food. Yet, the ecosystems that lie beneath 

the surface of the oceans had remained unstudied for generations. The complex ecosys-

tems that make up the marine environment supply goods and services to people through-

out the world. Management of this natural resource has become the center of much de-

bate as species decline and habitat degradation continues. Establishing a framework of 

regulation to protect and conserve marine environments is going to be imperative if we 

wish to sustain the economic and societal benefits provided. Many countries throughout 

the world, including the USA have taken the first step to protection. This includes the de-

sign and implementation of marine reserves and networks. The federal government has 

set up a series of National Marine Sanctuaries, while California has created a series of Ma-

rine Protected Areas (MPAs). As pressures intensify on the marine environment the es-

tablishment of MPAs is going to be crucial to help preserve our natural resources.  

Marine ecosystems provide ecosystem services that can be categorized into four 

groups; provisioning, regulating, cultural and supporting services. Provisioning services 

include the more obvious benefits such as food, timber, water, fiber and pharmaceutical 

compounds.  These provisioning services currently employs over 200 million people within 

the fisheries industry (Pauly et al. 2003). Cultural services consist of recreational, spiritual 

and esthetic benefits, such as coastal tourism. Tourism makes up approximately 10% of the 

world GDP (Balmford et al. 2009) and coastal tourism and recreation attributes $70 billion 

per year to the US GDP (Kildow et al. 2009). Cultural services also provide indigenous 

peoples who are intimately connected to marine ecosystems with the resource they need 

and depend upon (Moller et al. 2004). Marine system also provide services such as water 

quality, waste and disease regulation. These regulative services also provide protection 

from natural hazards like floods and climate change. Supporting service encompass the 

processes that are not a direct benefit such as soil formation, nutrient cycling and habitat 

for young marine species. Table 1 summarizes the ecosystem services provided by marine 
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extractive activities allowed, except by scientific collecting permit or authorized research. 

State marine park (SMP) can allow some recreational take, but commercial take is not 

allowed. State marine conservation area (SMCA) limit recreational and commercial take to 

protect a specific habitat or resource. 

 The goals of California’s Marine Life Protection Act 
(Fish and Wildlife Code section 2853 (b)). 

 
Goal 1 

 
To protect the natural diversity and abundance of marine life, and the structure, fuction, and 
integrity of marine ecosystems. 
 

 
Goal 2 

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

 
Goal 3 

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

 
Goal 4 

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

 
Goal 5 

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

 
Goal 6 

 
To ensure that the MPAs are designed and managed, to the extent possible, as a component of a 
statewide network. 
 

Table 2 (adapted from Kirlin et al. 2013) Goals established by the MLPA, not in order of importance.  

 

The MLPA was recently updated and is one of the largest scientifically based 

network in the United States and second-largest in the world. The MLPA has incorporated 

a multitude of stakeholders, scientist and an advisory panel to advocate for ecosystem 

based management approaches. Table 2 shows the goals established by the Marine Life 

Protection Act, which are not rated in order of importance. The improved network consists 

of 124 designated areas which replace the 63 existing MPAs. Now 9.4 % of state waters are 

designated as “no-takes” MPAs and this accounts for 60% of all no-take MPAs within the 

continental U.S. (Kirlin et al. 2013).  
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1.1.2 National Marine Sanctuaries 
   

 The National Marine Sanctuaries Act (NMSA) is a federal regulation that 

authorizes the protection and designation of the marine environment based on 

recreational, historical, scientific, conservation, ecological, educational, archeological, 

cultural, or esthetic value by the Secretary of Commerce. The act was first passed in 1972 

and has been amended several times since its inception. National marine sanctuaries  

(NMS) are managed by National Oceanic and Atmospheric Administration (NOAA). The 

designation as a NMS provides the opportunity to declare regulations within the sanctuary 

boundaries regarding what activities that can or cannot occur. 

Figure 2: (from ONMS 2010) http://sanctuaries.noaa.gov/ 
Locations of national marine sanctuaries throughout the United States.  

 

Unlike the MLPA used throughout California, the NMSA does not establish specific 

laws prohibiting levels of take. The NMSA gives the Secretary of Commerce the authority 

to decide based on a public process what types of extractive uses can take place in certain 

sanctuaries. Five national marine sanctuaries exist along the coast of California. This 

includes 12,843 square miles and all of the sanctuaries are strategically located in areas of 

rich marine resources which are intimately connected. Figure 2 shows locations of the 

national marine sanctuaries within the United States. The National Marine Sanctuaries  

http://sanctuaries.noaa.gov/
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National Geographic, Esri, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA | State of California Department of Fish 
and Wildlife, Marine Region GIS Lab 
 

Figure 3 This map shows the three National Marine Sanctuaries (NMS) located along central California 
including (from the top) Cordell Bank NMS, Gulf of the Farallones NMS and Monterey Bay NMS. The red 
areas indicate California’s Marine Protection Network. 
 
 

differ from MPAs in that they encompass larger areas, however they are not as specifically 

regulated as California MPAs. Figure 3 shows NMS and MPAs off the central coast of 

California. The NMS are managed from a natural resources perspective (NMSA 200), while 

MPAs are managed from an ecosystem based perspective (CDFW 2008). Along the west 

coast most of the MPAs exist within NMS and together they create unique protection of 

the marine environment.  

 

[Grab your reader’s attention with a great 
quote from the document or use this space 
to emphasize a key point. To place this text 
box anywhere on the page, just drag it.] 

[Cite your source here.] 
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2 Habitat Modeling 
 

Seabird breeding colonies found on islands throughout California offer a unique 

opportunity to provide an interface for research and study. Seabirds depend on terrestrial 

and marine resources for survival, as do humans. Protecting and conserving marine 

locations that are imperative to seabirds can also help preserve other marine taxa that use 

these productive areas.  Functioning marine ecosystems contribute to economies and the 

wellbeing of humans around the world and regulation needs to be enacted to ensure that 

the services provided remain. Habitat modeling near breeding colonies is a key tool that 

can be used to understand how seabirds are using ocean environments to inform planning. 

This next section will examine habitat modeling used to study seabirds within National 

Marine Sanctuaries along California’s coast. 

 

 

2.1 Case Study: Seabirds on the Farallon Islands 

  

Recognizing factors that prompt seabird habitat preference can help delineate key 

conservation locations and boundaries that can potentially dictate future marine protected 

area sites. In an analysis by McGowan et al. (2013) key habitat features including surface 

ocean characteristics, spacing between geographic features and climate indices were used 

to establish patterns in favored habitat foraging areas. This study predicted areas that were 

used for foraging by the most abundant bird species breeding on the Farallon Islands by 

interpreting oceanographic habitat and bird surveys. 

 The data used for analysis was collected by the Applied California Current Ecosystem 

Studies Program (ACCESS), from within the Gulf of the Farallones (GFNMS, est. 1981) and 

Cordell Bank (CBNMS, est. 1989) National Marine Sanctuaries, see figure 4. The GFNMS 

and CBNMS offer breeding grounds and habitat for more than half a million seabirds in 

addition to some endangered species such as the Marbled Murrelet and the Ashy-storm 

petrel (Locke & Fox 2010).The five most abundant species nesting on the Farallon Islands 

were analyzed by McGowan et al. (2013); western gull (Larus occidentalis), common murre 
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(Uria aalge), Cassin's auklet 

(Ptychorampus aleuticus), 

rhinoceros auklet (Cerorhina 

monocerata) and Brand't 

cormorant (Phalacrocorax 

penicillatus). Seabird surveys 

included line transects at 3 km 

intervals and were performed from 

the flying bridge of research vessels 

(2004- 2011).  

 Habitat conditions are 

highly variable in marine 

environments and climatic changes 

alter prey availability and locations. 

To understand changes in habitat 

conditions McGowan et al. (2013) 

looked at three climate indices in relation to the birds studied. Climates indices were based 

on inter-annual and seasonal variations influenced by the California Current System (CCS) 

and upwelling trends. Various ocean climate indices are known to influence conditions in 

the CCS and were considered in the analysis. The main climate indices are: 1) the North 

Pacific Gyre Oscillation (NPCO) influencing salinity and productivity seen by chlorophyll-

a; 2) the Pacific Decadal Oscillation (PDO) controlling the North Pacific SST towards the 

poles;  and 3) the Southern Oscillation Index (SOI) that documents the trends of the 

tropical Pacific oceans impacts by El Niño and La Niña events.   

 Specifically, relating to the idea of climate indices effecting overall prey sources at 

the lower trophic levels, Sydeman et al. (2014) looks at multivariate ocean-climate 

indicators (MOCI) within the California Current Ecosystem (CCE). MOCI are a 

culmination of variables that effect oceanic conditions including factors such as; climate 

indices, wind stress, sea level, sea surface temperature, salinity, air temperature and 

Figure 4 (Tim Reed, SIMoN/GFNMS) Map of the Gulf of the Farallones 
and Cordell Banks National Marine Sanctuaries. Farallon Islands located 
near the center of the sanctuary. 

 


