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Abstract

The Marine Sanctuary Group (MSG) Project demondirated the efficacy of a
Geographic Information System (GIS) to create a useable ecologica habitat
characterization of the Santa Barbara Channd and, specificaly, the Channel 1dands
Nationd Marine Sanctuary (CINMS). A habitat characterization would be helpful in
managing the CINMS; however, to date, habitat characterization studies made of the
region lack a spatial component. To address this, we used a GIS modd that
integrated four physica environmenta parameters, bathymetry, substrate type, sea
surface temperature, and wave exposure, to determine potential species habitat
digtributions in the Sanctuary. In order to disseminate the resulting information in a
manner that would facilitate participation of al users and stakeholders in the resource
management of the CINM S, we served the modd, the data, and the results on the
World Wide Web.

We used a GIS system to access, store, retrieve, and analyze dataaswell asan
interface for coupling the GIS mode with the Internet and publishing the resultson
the Web. The modd’ s outputs are the results of two interpolation techniques.
Thiessen and Kriging. Each technique produced species habitat distribution maps
with properties, limitations, and cavesats unique to the modeling technique used as
well asthe datainputs. The output of both models were integrated with an Internet-
capable mapping software with built-in GIS functiondlity: ESRI’sArcMS™. A
website containing a detailed description of the project and its components was then
built around ArcIMS.
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Executive Summary

Unique oceanographic conditions, diverse habitats, and an assortment of cold and
warm water flora and fauna characterize the Channel 1dands Nationd Marine
Sanctuary (CINMYS). Unfortunately, development, resource extraction, pollution,
poor management, and other pressures are threatening the region. 1n 1998, the
CINMS began a management plan review, incorporating recommendations from
federa, sate and locd agencies, community stakeholders, and interest groups. The
CINMS staff and the concerned community identified the need for a comprehensive
ecologicd dte characterization to provide basic knowledge and to promote public
sewardship of the Sanctuary.

The Marine Sanctuary Group (MSG) Project was proposed to synthesize available
biologica and physical dataiin order to provide basdine information about the
digtribution of marine habitats within the Sanctuary. The MSG Project is expected to
promote an ecosystem understanding of the CINMS, and provide an interactive
medium for public stewardship of Sanctuary resources.

Phase | of the project involved the research and selection of an gppropriate system of
marine habitat classification. We decided to use a habitat classfication system based
on four abiotic parameters. substrate, depth, temperature, and wave exposure. Many
speciesin the CINMS depend on the presence of Kelp for habitat. For these species,
we included Kdp as afifth parameter in determining potential habitet distribution.
Phase Il conssted of collecting pertinent available data, identifying gaps in the data,
and developing and acquiring additional data. Substrate, depth and temperature data
were obtained from various government agencies and the University of Cdifornia
Minimal processing was done on the depth and temperature data. However, we had
to interpolate the subgtrate data using Kriging and Thiessen techniques in order to
cregte a useable input for our modd. For the wave exposure parameter, we
determined areas of high wave exposure from publicly available wave height, period
and direction data. All datasets were then systematically formatted and/or processed
for usein thethird phase. In Phase 111, an integrated Geographic Information System
(GIS) database was created. Using this system, a habitat mode was developed and
tested againgt observed biologica data. Our modd had distinct outputs resulting
from the two interpolation techniques. The precison and accuracy of the mode
outputs are aso highly dependent upon the qudity of the data we used for our input
parameters, specificaly the subgtrate data. Phase IV of the project involved the
production of an Internet-based system of information dissemination that fosters
public participation in Sanctuary resource management. The mapping software we
used to integrate the GIS with the Internet is Hill in its developmentd stages and is
therefore limited in the kind of spatia querying we hoped it could do. However,
because the web-based GIS system is publicly accessible, it can be an effective tool
for stakeholders and resource managers to exchange information and idess. It dso
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fadilitates public participation in resource management through severd features that
alow users to comment on and even edit mode outputs through commercidly
available web-browsers,




Background

The National Marine Sanctuaries Program (NM SP)

It was only after the devastating Santa Barbara Oil Spill of 1969, that the genera
public exerted enough pressure on Congress to enact a series of environmenta laws
amed a preventing toxic oceanic dumping and protecting marine animas. One of
the resultsis the Marine Protection, Research and Sanctuaries Act of 1972. Titlelll
of the Act gave the Secretary of Commerce the authorization to designate and manage
areas of the marine environment with nationdly significant aesthetic, ecologicd,
historicd, or recreationd vaue as national marine sanctuaries. Thisled to the
implementation of the Nationd Marine Sanctuary Program (NMSP), which is
administered by the National Oceanic and Atmospheric Adminigtration (NOAA)
Coastd Services Center (CSC) and is under the jurisdiction of the Department of
Commerce (DOC) (www.csc.noaa.gov, 2000).

The mission of the NMSP isto conserve, protect, and enhance the biodiversity,
ecologicd integrity and culturd legecy of the nation's system of marine sanctuaries.
Today there are thirteen nationa marine sanctuaries that protect over 18,000 miles of
ocean, lakes and coast. The NMSP is devoted to protecting marine resources while
accommodating al acceptable forms of public and private use of those resources.
The NMSP is dso maintains amonitoring program of the different marine
environments to increase the public's understanding of marine ecosystems and assess
the impacts of human activities (www.sanctuaries.nos.noaa.gov, 2000).

The Channe Idands National Marine Sanctuary (CINMYS)

Presdent Immy Carter designated the Channel Idands Nationad Marine Sanctuary
(CINMS) on September 22, 1980. Located 22 nautical miles (25 miles) off the shores
of Santa Barbara, Cdifornia, the CINMS rests primarily within the Santa Barbara
Channel region. Specifically, the Sanctuary encompasses the waters surrounding San
Migud, Santa Rosa, Santa Cruz, Anacapa, and Santa Barbara |dands, extending from
the mean high tide line to Six nautica miles offshore. The region is characterized by
aseries of underwater basins and ridges and a complex counter-clockwise current
system of warm and cold waters commonly referred to in the literature as the Santa
Barbara Gyre. Additionaly, intense seasona upwelling makes this region an area

rich in marine resources. The unique features of the CINMS make it a suitable

habitat for various species of plants and animass, including awide array of
invertebrates, marine mammals, seabirds, fishes, and grasses.




Ocean Circulation in the CINM S

Ocean processes play a significant role in the marine Sanctuary. Infact, itisthe
unique circulation patterns of the Santa Barbara Channd (SBC) that make the
presence of adiverse array of speciesin the CINMS possible. Observations suggest
that “currents in the channel are a superposition of alarger-than-SBC scdeflow and a
cydonic circulaion which is specific to the channd interior” (Harms and Winant,
1998). These currents have spatia and tempord trends. According to Harms and
Winant, there are severd characteristic current patternsin the Santa Barbara Channel.
During the spring months, surface currents tend to flow equatorward; it reverses from
summer to winter. Additiondly, these trends can be reversed for short periods of
time, on the order of severd days. For the most part, the SBC circulation is
dominated by an inflow of cold nutrient rich waters upwelling off the Pt. Conception
coast and entering the western end of the channel. Thisleads to a cold water mass
occupying the western hdf of the channd. Smilarly, warm water coming from the
south (Southern Cdifornia Countercurrent, or SCC) and entering the eastern end of
the channd leads to awarm water mass occupying the eastern region of the channdl.
The strengths of the water mass inflows determine how far into the channd the warm
and cold water massesintrude. Typicaly, atrangtion zone of mixed water lies
between the cold and warm water masses and occupies the center of the channdl.
These patterns are dso directly affected by wind stress patternsin the region (usudly
northwesterly winds). When typicd wind patterns are disrupted, a massive inflow of
warm water enters the eastern end of the channel and makes its way through the
entire extent of the channd. This particular pattern is often associated with El Nino-
Southern Oscillation events.

Biological Characteristics of the CINM S

Numerous species have unique distributiona boundaries that often coincide with
oceanographic conditions and characterigtics. These boundaries define biophysical
regions called bioprovinces. Because of the unique ocean patternsin the SBC, the
CINMS draddles three provinces. depending on the prevailing SBC circulation, the
waters of San Miguel, and most of Santa Rosa are characterized as a cold temperate
(Oregonian Province) bioprovince; the waters off Santa Barbara Idand, Anacapa
Idand, and the eastern half of Santa Cruz Idand are characterized as warm temperate
(Cdifornian Province); in between, thereisa*“ Trangtion” Province which has
properties resulting from the mixture of cold and warm water masses. Thus, CINMS
species are often grouped into two primary fauna regimes. those species associated
with cold water masses and those species associated with warm water masses. These
regimes often shift depending on the strength of upwdling in the Pt. Arguello-Px.
Conception area as well as the strength of the SCC (McGinnis, 2001).




Consumptive Uses of the CINM S

Because of the speciesrichnessin the CINMS, it has been viewed as a valuable
resource in the region. The main consumptive indugtries that utilize the CINMS are
recreation, fishing, and rlated indudries. The fishing industry has, by far, the
greatest socioeconomic and biologica impacts on the Sanctuary. The combined
economic vaue of the top five commercid fisheries grossed an estimated $118
million dollars between 1988 and 1999 from Sanctuary landings done (McGinnis,
2001). Recregtion, primarily sport fishing, is also apresencein the CINMS. This
sector includes firms that charter boats and provide fishing supplies to recreationd
fishermen.

Ecotourism and recreationd activities (including scuba diving, snorkeling, and ocean
kayaking) within the Sanctuary boundaries are dso important and do generate
subgtantid income to the local economy. However, for the most part, they are
nonconsumptive in neture.

CINM S Objectives

In light of the numerous uses of the CINMS, managing the Sanctuary's resourcesis a
difficult task. Sound management is necessary to reduce various potentid threats
present in the area. These threats include, but are not limited to, the possibility of ail
spills from nearby oil and gas development facilities, vehicle pollution (noise,
chemicd, garbage) from busy shipping lanes; non-point source pollution
(anthropogenic chemicals and waste) flushed from the region’ s watershed; and
overexploitation of stocks by commercid and recregtiond fishing. The CINMS gaff
has been given the responsihility of protecting biologica and physica resources
while accommodating multiple uses. The gtaff dso conducts scientific research and
runs educationd programs to increase the public understanding of the Sanctuary's
resources and to facilitate sustainable management practices.

Since 1980, four main gods provide the basis for the mgor program areas for
Sanctuary management. The highest priority god is to enhance protection of the
resources and marine environment of the CINMS. Objectives amed a achieving this
god indude:

1. Esablishing mechanisms for coordination between dl federd and Sate
agencies concerned with the CINM S promoting public awarenessthrough
educationa programs.

2. Devdoping effective programs to enforce Sanctuary regulations.

3. Reducing threets to the Sanctuary through contingency and emergency

response planning.




The second god involves research activities within the Sanctuary that are directed
toward resolving management concerns and increesing understanding of the
Sanctuary environment and resources. The CINMS ' research program establishes a
framework and procedures for administering studies that are responsive to
management concerns.

Developing interpretative programs aimed at increasing public awareness and
understanding of the Sanctuary isthethird god of the management plan. CINMS
amsto accomplish this by enhancing public access to relevant information about the
Sanctuary’ s resources, encouraging feedback on the effectiveness of interpretive
programs, and collaborating with other organizations to provide complementary
interpretive services.

Thefind Sanctuary god isto encourage commercid and recregtiond use of the
Sanctuary that is compatible with the protection of its Sgnificant resources
(www.cinms.nos.noaa.gov, 2000).

CINM S Management Plan Revision

The CINMS s currently engaged in afive-year management plan review process.
Management plans are the site-specific documents that the NMSP uses as
“blueprints’ to manage individua sanctuaries. These plans s&t priorities, contain
regulations, present existing programs and projects, and guide the development of
future ectivities. Public participation in the management plan review proceedings has
been a key component of the process. Many in the proceedings have suggested that
an ecologica dte characterization of the CINM S is a necessary tool for the effective
management of itsresources. An ecologicd Ste characterization would be hdpful in
managing the CINMS; however, to date, Site characterization studies made of the
region lack a spatial component.

Ecological Characterization

Ecologica characterizations of geographic areas have been used asintensve
descriptions of ecosystems since the 1970s. Characterizations assume that by
assembling information about ecosystems, idedlly prior to the onset of anthropogenic
activities (i.e., resource extracting), public and private agencies will be able manage
these aress effectively and efficiently. Typicdly, the gathered information includes
thorough descriptions of physical and biologica systems (i.e., pecies digtributions,
geologic maps, etc.). To date, ecologicd site characterizations have been significant
tools for land and ecosystem management.




Habitat classfication is an integra component of ecologicd Ste characterizations.
Current habitat classfications are based on hierarchical structures: specific habitat
types are described in terms of specific physica and biological factors and are then
nested within larger, more genera habitat types. This system fails to describe habitat
features that are non-hierarchica such as the depth and temperature of species
habitats. Additionaly, dthough hierarchica habitat classfication provide great detall
about habitat characterigtics, the resulting system of classification tendsto be a
cumbersome and complex ligt of labds nestled within labels, making it difficult for
the genera public to comprehend.

Currently, the dissemination of ecological characterization resultsto the public is
limited. The results of characterization sudies are usudly published for narrow
distribution and, amost dways, in the form of scientific papers. This approach
excludes people without a scientific background. Consequently, the genera public
involved or who want to be involved in the decison-making processes and
management of protected natural resources are restricted by the lack adequate
informetion.

Ecological Characterization Projects and the Inter net

Ecologica characterizations have been performed on different environmenta systems
and management units from rivers, bays, and estuaries to watersheds and landscapes.
Each characterization is unique in its gpproach and methodol ogy, but the common
emphasisis centered on understanding the local ecosystem. Recently,
characterizations are being published in digita format via the World Wide Web,
providing an accessible public interface. Thisform of communication can provide
vauable scientific information to the concerned community. Accessto stientific
information about resource ditribution will provide the opportunity for the public to
learn about loca resources. An educated or a knowledgeable community, in turn, can
become more effective participantsin state and federal management of an ared's
resources.

GlSasaManagement Tool

A Geographic Information System (GIS) is a computer system for organizing,
visudizing, and andyzing spatid data. 1t can manipulate and combine data from
various sources including digital images as wdll astables of geographicaly
referenced information. These cgpabiilities can be especidly ussful when gpplied
toward resource management.

GIS systems can solve certain problems faced by decision makers and agencies that
ded with resource management. These managers often rely on geographic datasets
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obtained from other agencies, each with its own particular data format, projection,
and resolution, which are therefore difficult to integrate. A GIS system dlows users
to reformat, reproject, combine, and overlay datasets from avariety of sources.
Decision makers dso have problems that stem from poor data management.
Numerous agencies often have data or jurisdictions that overlap. A GIS systemisan
effective way to coordinate efforts as well as manage spatia data. The querying
function of a GIS system dlows usersto easily sort and identify specific data points.
Additiondly, GIS systems not only provide spatid information, but can dso be linked
to databases that are not strictly geographic. Thus, a GIS can provide pointersto
documents and reports associated with a particular location or attribute. Because of
these capabiilities, an integrated GI'S can enhance the decision-making process.

Coupling Gl Sand the Internet

The ability of a GIS system to integrate disparate, but spatidly related, datasetsis
useful in creating an ecologica Ste characterization of the CINMS. However, the
results of the Site characterization need to be digtributed not only to resource
managers, but aso to various stakeholders including the genera public in order to
facilitate effective and inclusive resource management. One way to do thisis by
publishing the results through an easily accessible medium such asthe Internet.

A few efforts have been made to publish GIS-based ecologica characterizations on
the Internet. The ecologica characterization of Otter Idand, South Carolina, was the
firg attempt a such adigitd publicaion

(Www.csc.noaa.gov/otter/html /mainmenu.htm, 2000). The Otter Idand project
constructed aweb site that provided an ecosystem description, resource management
scenarios, and an interactive web-enabled Geographic Information System (GIS) that
displayed spatid information. The congtruction of the web-GIS was an ambitious
endeavor that required substantial investmentsin capital and labor. Time and money
are the limiting factors for most public agencies that routingly operate on thin

budgets.

The Monterey Bay Nationd Marine Sanctuary (MBNMS) Site Characterization
project was the first national marine Sanctuary to complete a comprehensve ste
characterization that was aso published digitaly viathe World Wide Web. The web
gte congsted of athorough description of the MBNMSS physica setting, biologica
communities and assemblages, human influences, and an extengve bibliographic
database (www.mbnms.nosnoaa.gov/stechar/index.html, 2000). The MBNMS staff
is currently working on the second phase of the project that will describe the
archaeologicd, cultura and historical resources of the region. One drawback of the
MBNMS project isthe lack of patia information. The lack of a spatial component
limits the user’ s ability to interact with the information contained within the webste.




Project Objectives

The Marine Sanctuary Group Project had three objectives:
1. Decide upon ahabitat classfication system that would be useful to
resource managers of the Channd Idands Nationd Marine Sanctuary.
2. Determine amethod for querying the classfication system in order to
extract potential species distributions.
3. Create asystem for efficient information dissemination to management
agencies, scientigts, stakeholders, as well as the genera public.

Study Area

The habitat classfication system was applied to aregion encompassing the Santa
Barbara Channel (SBC) and, most importantly, the CINMS. The exact extent of the
Sudy areais shownin Fgure 1:
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Figure 1. Extent of Study area.




Species Selection

To create a GIS modd of potentia species habitat distribution, a set of species must
first be sdlected. The habitat requirements of the species must be converted to the
modd input parameters. Data on the observed distribution of species can serve as
controls against which the model outputs can be tested.

Although not meant to be an exhaudtive ligt of existing speciesin the region, the
individua speciesin the project’s Species List were chosen because they represent
the range of plant, invertebrate, and vertebrate marine species in the Santa Barbara
Channdl. Additiondly, those in the Species List were sdected based upon a st of
criteriathat gppropriates and modifies parts of a gpecies sdection matrix used by the
CINMS initsFive Year Management Plan Review process (see Table 1).

Category Description of Criteria

ERS | Speciesof economic and/or recregtional importance

KS K eystone species

ES Species listed, proposed, or candidates under the Endangered
Species Act

DS Species which have exhibited long-term or rapid declinesin
harvest

Table 1. Sdection criteriafor “Project SpeciesList”

The speciesin Category ERS are or were a one time commercidly harvested.
Species such as Purple Sea Urchin and Market Squid comprise mgjor fisheriesin the
Santa Barbara Channdl region and therefore have great economic sgnificance. Other
speciesin the same category, such as Quillback rockfish, aso have recreetiona
sgnificance because of their sport vaue.

The speciesin Category KS are consdered “keystone” species. By definition,
keystone species are those “species whose remova may engender dramatic changes
in the Structure and functioning of its biological community” (De Leo and Levin,
1997). Species under this category, such as Giant Kelp, are important congtituents of
their respective ecosystems. In the case of Giant Kep, which serves as habitat for
numerous other species, changesin its digtribution will affect profound changesin the
digtribution of the species dependent upon it.

The speciesin Category ES are species on the brink of irreversible population decline
and/or extinction. Thus, they are proposed, candidates, or listed under the auspices of
the Endangered Species Act of 1973 (see http://endangered.fws.gov, 2001). Both
Black and White Abaone fal under this category.




The speciesin Category DS are those species that at one time may have been
common in the region but have Snce undergone drastic and observable population
declines. Reasons for population loss range from disease and loss of habitat to
overexplaitation and human intervention. The Southern Sea Otter and the some
rockfishes such as Bocaccio and Copper fal under this category.

Below isthe project’s Species List followed by a detailed description of each species.

ALGAE SCIENTIFIC NAME CATEGORY
Giant Kelp Macrocystis pyrifera ERS, KS
INVERTEBRATES SCIENTIFIC NAME CATEGORY
Abalone

Black Abalone Haliotis cracherodii ERS, ES,DS

White Abalone  Haliotis sorenseni ERS, ES,DS
California Spiny Lobster  Panulirus interruptus ERS
Sea Urchins

Strongylocentrotus

Red Sea Urchin franciscanus ERS

Purple Sea Urchin Strongylocentrotus purpuratus ERS
Market Squid Loligo opalescens ERS
VERTEBRATES SCIENTIFIC NAME CATEGORY
California Halibut Paralichthys californicus ERS
Giant Sea Bass Stereolepis gigas ERS, DS
Rockfish

Copper Sebastes caurinus ERS, ES,DS

Cowcod Sebastes levis ERS, DS

Bocaccio Sebastes paucispinis ERS, ES,DS

Quillback Sebastes maliger ERS
Sheephead Semicossyphus pulcher ERS, DS
Southern Sea Otter Enhydra lutris nereis KS, ES, DS

Table 2. Project SpeciesList




Species List

ALGAE
Giant Kelp (Macrocystis pyrifera)

Giant kelp is a species of marine dgae found aong the Pacific coast of North
Americafrom centra Cdiforniato Bga Cdifornia. Giant kelp prefers depths less
than 40 m, temperatures less than 20°C, hard substrate such as rocky bottoms, and
bottom light intengties above 1% that of the surface (Foster, M. and D. Schiel, 1985).

Macrocystis aso requires ocean temperatures above 5°C, which isthe letha
temperature for the gametophytes. The upper temperature limit may actudly be a
result of decreased nutrients, especidly nitrogen, noted in warmer waters (Bushing,
1994). Nutrient levels are low in the summer and fal in southern Cdifornia,
especialy above the thermocline and during periods when warm water masses move
into the region from the south. In southern Cdiforniathe giant kelp canopies
commonly deteriorate during these seasons, when inorganic nitrogen is low (Bushing,
1994).

Although it begins life as a micrascopic spore at the ocean floor, this species may
grow to lengths of 60 m with its upper fronds forming a dense canopy at the surface.
The spores grow into tiny mae or femae plants called gametophytes. These plants
produce eggs and sperm, which fertilize and grow to form the large visible plants
(sporophytes). The adult sporophytes release many new sporesto start the process
over again. The minimum amount of time needed to complete the Macrocystis life
cycleisbelieved to be 12 to 14 months athough in the environment, grazing by
animds and shading by other plants would affect thisrate of development (Bushing,
1994).

The average kelp plant is capable of releasing trillions of sporesayear. Few, if any,
of the billions of spores produced by a sngle mature Macrocystis kelp plant ever
make it to adult gametophytes due to burid by sand or mud, competition for limited
gpace with other plant or anima species, the lack of light at the ocean floor due to
absorption by the water or shading by kelp and other plant species, nutrient limitation,
and the effects of animals which graze on the plants. Only 1 in 200,000 young kelp
plants need to mature to reestablish the kelp beds. Asthe fertilized eggs develop into
sporophytes, they must avoid shading and overgrowth by other organisms, grazing by
amall echinoids, gastropods, micro-crustacea and the bat star (Patiria); aswdl as
being buried and abraded by sediments (Bushing, 1994).

Studies suggest kelp fronds may grow at rates of 1-2 feet per day. Although giant
kelp plants are perennid, the individua fronds only survive for about 6-9 months
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(Neushul, 1981). Fronds of mature kelp plants become senile and deteriorate about 6
months after they are produced. Mature fronds continually develop, then die and
bresk away in a process known as doughing, giving way to the new fronds

developing from the holdfast. The individua fronds survive for about 6 months,

while individud blades may last only about 4 months (Bushing, 1994).

Macrocystis plays an important role in the marine environment by providing food and
habitat for awide range of marine invertebrates and fishes in southern Cdifornia.
Forests of giant kelp may support millions of individua organisms and more than
1,000 species of marine plants and animals (Foster, M. and D. Schiel, 1985).

The presence or absence of Macrocystis is not essentia for the spawning of any sport
fish gpecies. However, kelp beds do provide shelter for the larvae and juveniles of
severad species such asthe kelp topsmelt (Bushing, 1994). Thereis agreat abundance
and diversity of life associated with the structuraly complex and high productive
Macrocystis kelp.

Giant kelp has been harvested for years as afood supplement because it contains
iodine, potassum, other minerds, vitamins and carbohydrates. Alginisused asan
emulsfier to bind oily and watery fluids together and is used for this purpose to
prevent salad dressings from separating. It isaso a suspender to keep pigment
particles mixed with the carrier asin paints, cosmetics and pharmaceuticas. Algin
adsin controlling viscosty and makes ice cream smoother and cakeicings differ. It
is used to smooth and thicken more than 300 preparations from ice cream to paints,
sauces and toothpaste (Neushul, 1981).

INVERTEBRATES
Black Abalone (Haliotis cracherodii)

These abalones are members of alarge class (Gastropoda) of molluscs having one-
piece shells. They belong to the family Hdiotidae and the genus Haliotis, which
means sea ear, referring to the flattened shape of the shdll.

Black abdone live higher in the intertiddl zone than any other Cdifornia species.
They range from the mid-intertidal zone to a depth of about 20 m; however, few of
the animaslive bedow 10 m. They are most abundant at depths of 2 to 3m below
mean low tide in areas of high turbulence, strong surge, and suitable crevice refuge
(Ault, 1985). Specimens larger than 90 mm tend to be sedentary and live under and
on the 9des of large rocks and in crevices. Smdler (<90 mm) black abaone live
primarily under boulders and in crevices. They move about more than the larger
animals, presumably in search of food (Ault, 1985).
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The thermal optima for the black abalone are between 14 and 18° C. The optima
temperature for egg fertilization is gpparently 15° C (Ault, 1985). Black abalone eggs
develop normally within a temperature range of 10-23° C, but optimum larva growth
isat 13.5-20° C. At 18° C, larvae sdttlein about 5 days. Larva growth istemperature
dependent; only larvae reared between 14 and 18° C reached the advanced post-larva
stages. Black abalone feed at temperatures of 7 to 22° C, but maximum feeding is
between 13 and 18° C. Growth was fastest at temperatures between 15 and 20° C and
wasonly dightly lessat 12.5° C (Ault, 1985).

The shdll of the black abaloneisreatively degp and ovd, with an average shdll length
of about 115 mm, and a maximum of 215 mm (Ault, 1985). The shell exterior is dark
blue, black, or greenish black, usudly smooth, and supports few or no encrusting
organiams. Itsround respiratory gpertures, which are flush with the shell surface, are
about 3 mm in diameter. Usudly five to nine of these pores are open & any onetime,
but in specimens from Bgja Cdifornia and Guadaupe Idand, 11 to 14 pores may be
open. Theinterior shdll pigmentation is cream to slver pearl with pink and green
iridescence. A columdlar muscle scar islacking. The outer edge of the shell
protrudes over a nacreous surface forming a narrow, dark blue-black rim. The
epipodium (dorsd rim of the foot) is smooth and black. Its upper edge is scalloped
and bears short, dender tentacles that sometimes protrude dightly beyond the edge of
the shell (Ault, 1985).

The black abaone feeds mostly on brown agae, and to alesser extent on red dgee.
Dengties are often high in locations with abundant algd drift kelps. The smdler

aba ones (less than 20 mm long) graze on diatom films and cordline agae, but larger
ones subsist on fragments of agae brought in by waves and currents. To some extent,
shell color varieswith the diet. Under laboratory conditions black abaone have
shown a preference for the brown aga Egregia, but Macrocystis produced the most
rapid growth (Haaker, 1994).

The black abdonefishery in Cdifornia, with a maximum harvest of 800 tonsin 1973
(Haaker, 1994), was closed statewide in 1997. The principa cause of thisdeclineis
due to both overfishing and the onset of adisease in southern Cdiforniain 1986. The
cause of this disease is unknown but has been attributed to a pathogen (Lafferty and
Kuris, 1993).

White Abalone (Haliotis sorenseni)

White abalones are marine gastropods belonging to the family Haiotidae and genus
Haliotis, and are characterized by aflattened spira shell (Haaker, 1986).

Higtoricaly, white abaone ranged from Point Conception, Cdifornia, U.SA., to
Punta Abreojos, Bga Cdifornia, Mexico. Asits name suggedts, the shell of Hdiotis
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sorenseni is white—the adult body is characterized by amottled orange tan
epipodium. White abalones are the degpest-living of the west coast Haliotis species
(Hobday and Tegner, 2000), usualy reported at subtidal depths of between 20-60m
and higtorically mogt “abundant” between 25-30m (Cox, 1960; Tutschulte, 1976). At
these depths, white abaones are found in open low relief rock or boulder habitat
surrounded by sand (Tutschulte, 1976; Davis et d., 1996).

White abaone may be limited to depths where agae grow, afunction of light levels
and subgtrate availability, because they are reported to feed less on drift dgae and
more on attached brown agae (Tutschulte, 1976). Temperature effects on larvae and
juvenile surviva could aso influence the upper and lower limits of white abdone
depth digtribution  Leighton (1972) found that white abdone larvd survivd is
reduced at lower temperatures. Tutschulte (1976) speculated that white abalone
might have been restricted to depths below 25 m by predation from sea otters when
Sea otter and white abaone latitudinal ranges overlapped or from competition with
pink abalone and predation by octopuses.

Abalone have separate sexes and are broadcast spawners, releasing millions of eggs
or sperm during a spawning event. Fertilized eggs hatch and develop into free-
swimming larvae, spending from 5 to 14 days as non-feeding zooplankton before
development into the adult form. After metamorphoss, they settle onto hard rocky
subgtratesin intertidal and subtidal aress.

Y oung abal ones seek cover in rocky crevices, under rocks, and deep crevices, feeding
on benthic diatoms, bacterid films, and single-celled dgae found on cordline dgd
subgtrate (Cox, 1962). As abaones grow and become less vulnerable to predation at
about 75-100 mm in length, they emerge from secluded habitat to more open, visble
locations where their principa food source, attached or drifting dgae, is more
available (Cox 1962). Abdoneslead ardatively sedentary lifestyle. Although
juveniles may move tens of meters per day, adult aba one have extremely limited
movements as they increase in size (Cox, 1962).

Maximum shdll length recorded for white abaone in Cdiforniaand Mexico is 20-25
cm and 17 cm respectively. However, “average’ observed size is about 13-20 cm, and
animasthat are lessthan 10 cm arerare (Cox, 1960). White abalone grow dowly,
reaching sexud maturity a asze of between 88 and 134mm in approximately 4 to 6
years and spawn in the winter, between February and April (Tutschutle, 1976). White
aba ones gppear to have irregular recruitment, and a maximum lifespan of 35 to 40
years (Tutschutle, 1976).

Using aresearch submersible vessdl, deep-reef surveys for white aba one were
conducted near Santa Barbara, Anacapa, and Santa Cruz Idands, and on Osborn Bank
in 1996 and 1997 (Davis et d., 1998). After searching 77,070n? of rocky reef
between 27 and 67m depth, only nine live white aba ones were found. Assuming that
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population densities of white aba one estimated from these surveys (i.e., 0.000167
white abalone/n?, plus or minus 0.0001) were representative of white abalone
dengities throughout their entire range and that the totdl available habitat within the
speciesrange is 966 ha (2,386 acres), Davis et al. (1998) estimated that fewer than
1,000 white abalone existed in 1996/1997.

California Spiny Lobster (Panulirusinterruptus)

Spiny lobsters are decgpod crustaceans of the family Pdinuridae, which contains 49
speciesworldwide. Spiny lobgters are found in the coastal weters of the Pacific
Southwest, from Monterety Bay to Magdaena Bay, Mexico (Duffy, 1973). Spiny
lobsters are typically found on rocky and sandy substrates at depths from 10 to 60m
(Gotshall, 1994).

Theanimd is cdled "spiny" because of the strong, forward- curving spines projecting
from the hard shell covering its body. On the sesfloor, sharp-pointed legs enable the
anima to move about fredy. A lobster may aso swim rapidly backward by flapping
its powerful tail. The fifth pair of legs of the femde bears a claw or spur-like growth,
which is used to clean the eggs she may carry and to scratch the sperm packet
(Herrnkind, W. F. 1975).

Adults spawn primarily from May through July, with mating taking place in water
depths from 15 to 30m. Females then move inshore to deposit their eggs, which
develop in 9 to 10 weeks (Shaw, 1986). Annuad growth rates range from 4.8 to
1.3mm for femalesand 5.6 to 1.5mm for maes (Odemar et d. 1975).

Feeding habits of lobsters change as they grow and mature. Aslarvae, they feed on
plankton, athough the specific taxonomic groups are unknown. Juvenile lobsters
commonly consume mollusks, sponges, hydroids, polychaetes, crustaceans, and sea
urchins. Mature animals are omnivorous and primarily scavengers. They feed at
night by combing through agae, digging in soft sediments, or feeding on attached
organisms (Shaw, 1986).

The primary predators for lobsters are octopuses, sheephead, cabezon, kelp bass,
sharks, and edls (Shaw, 1986).

The spiny lobster supports a vauable commercid and sport fishery in regions where
they are commonly found. Inthe early 70's lobster abundance declined sharply asthe
fishery increased. Loca stocks declined and the fishery soread to more distant
grounds (Odemar et d. 1975).
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Red Sea Urchin (Strongylocentratus franciscanus)

The red sea urchin is alarge echinoderm, and prominent member of the nearshore
marine ecosystem and is found on rocky or gravel substrate from the sub-tropical to
sub-Arctic waters of the eastern Pacific. It isthe largest known species of seaurchin
in the world achieving test diameters up to 180 mm (Kozloff 1983). They prefer
rocky substrates, especidly ledges and crevices located near or in kelp beds and other
brown dgeein areas. They are generdly associated with areas of moderate to swift
currents from low tide to 100 m subtida depth, with most concentrated abundance
around 5-10 m subtidal (Bernard 1977).

Red urchins are broadcast pawners with two distinct sexes. Gamitogenesis and
gpawning are annud. Gamitogenesis occurs from September through March and
gpawning commences in March and lasts until gpproximately September (Bernard
1977).

Red urchins are omnivorous, but primarily subsist on agae, feeding on phytoplankton
during larval stages, and then standing drift dgae after settlement (Rowley 1990).
Where urchin dendties are high, and drift dgee isinsufficient, urchins may over-
graze standing agee leading to barrens. Under some circumstances they are known
to prey on barnacles, abalone, and avariety of other invertebrate species (Rowley
1990).

Growth has been strongly correlated with food availability, gonad maturity, and first
reproduction occurring typicaly within the first three to five years (Rowley 1990).
Where food supplies are scarce, urchins may respond by re-absorbing skeletal and
gonad nutrient stores; the result can be urchins that appear to be empty. Urchins have
a so been observed to shrink when food is scarce (Pfister and Bradbury 1996).

The only known magjor predators of adult red urchins are sea otters (Enhydra lutris).
Other species known to prey on red urchinsinclude the sunflower star (Pycnopodia
helianthoides) and wolf edls (Anarrhichyhts ocellatus), but neither sesemsto
specidize on them (Kozloff 1983). Estimates of maximum life span vary, and range
from 10 to more than 100 years (Rowley 1990).

Red sea urchins are harvested for their roe (gonads), which is extracted at processing
plants for shipment to fresh markets. Unlike red sea urchins, green sea urchins are
shipped whole and dive to Japan. The gonads are sold there as"uni." Diversusing
short duminum rakes remove sea urchins from the ocean floor.

15



Pur ple Sea Ur chin (Strongylocentrotus purpuratus)

The purple sea urchin is an echinoderm, which has rdatively short spines, and is
usudly light purple or lavender in color. The purple urchin is the common intertidal
seaurchin of exposed and semi-protected rocky areas on the west coast of North
Americafrom Bga, Cdifornia, to Sitka, Alaska (Mottet, 1976). The purple sea
urchin iswdll adapted to pounding surf where it usudly livesin crevices or holes.
Purple urchins are typicaly found from intertida to depths of 38m (Kavass, 92).

One of the mgor factorsin the ability of the seaurchin to live in diverse coastd
regionsistheir ability to live on dmost any food. If seaweed is plentiful, the sea
urchinswill be grazers. If they live where no seaweed can grow, they can scavenge
on deed animas or drifting algae; or if the opportunity arises, they may prey on other
animas (Mottet, 1976). In the absence of such food, the urchins may il persist
even in areas that seem completely barren. Here the urchins scrape rocks and ingest
sand, and live off the associated microorganisms such as diatoms, radiolarians, and
other protozoa. They may even be able to live on the organic matter thet is
discharged in sawage (Mottet, 1976).

Sea urchins are preyed upon by a number of animasincluding lobsters, crabs,
garfish, sea anemones, flat fish, sculpins, seagulls, and sea otters. In most aress,
predation is not an important factor in controlling the numbers of seaurchins. Thisis
because the major predators (sea otters) have been greatly reduced in number by man
(Mottet, 1976).

A fishery for purple sea urchins developed in the early 1990's as landings for red sea
urchins declined, and harvest restrictions for red sea urchins expanded (Dewees,
1991). The harvest of purple sea urchinsis currently not regulated, with the
exception that ared sea urchin permit is required by Fish and Game in order to
harvest them.

Market Squid (Loligo opalescens)

Market squid are small short-lived mollusks reaching a maximum length of 30cm
(Roper & Sweeney, 1984). Market squid range from the southern tip of Baja
Cdiforniato southeastern Alaska, but are most abundant from Punta Eugenio to
Monterey Bay. Squid are pelagic and can be found from the surface to depths of at
least 800m (Jefferts, 1983).

Spawning squid concentrate in dense schools near spawning grounds, but habitat
requirements for spawning are not well understood. Spawning occurs over awide
depth range, but the extent and significance of spawning in degp water is unknown
(Roper & Sweeney, 1984). Known mgjor spawning areas are shallow semi- protected
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nearshore areas with sandy or mud bottoms adjacent to submarine canyons where
fishing occurs. In these locations eggs are deposited between 5 and 55m, and most
commonly between 20 and 35m (Jefferts, 1983).

At an age of 1 to 2 years, sexudly maturing adults migrate seasondlly to nearshore
waters, form dense schools, mate, lay their eggs, and then die. Spawning can occur
throughout the year, but the mgjor activity takes place in the spring and early summer.
Temperaure of the water gppears to have a ggnificant influence on the timing and
duration of spawning. Femaeswill lay 20-30 egg capsules, anchor them to the
subgtrate or previoudy laid capsules, forming dense clumps or layering the bottom.
200-300 eggs are common per cgpsulein Cdifornia. The eggs will hatch as
miniature adults in 30-90 days, depending on the temperature of the water. The
juvenile market squid are then dispersed by currents, possibly to deeper offshore
waters (Morgjon et a. 1978).

Squid feed on copepods as juveniles gradudly switching to euphausids, other smal
crustaceans, small fish, and other squid as they grow (Karpov an Cailliet, 1978).

Market squid are consumed by avariety of predatorsincluding lingcod, sealions, sea
otters, and cormorants (Moregjon et d. 1978). Few organisms eat squid eggs, athough
bat stars and sea urchins have been observed doing so (Jefferts, 1983).

For over 100 years market squid has been harvested off the Cdiforniacoast from
Monterey to San Pedro. The squid fishery has evolved into one of the largest
fisheries in volume and economic vaue in Cdifornia. In 1996, the squid harvest
reached an dl time high of over 80,272 metric tons (V ojkovich 1998).

VERTEBRATES
California Halibut (Paralichthys californicus)

A cold-water fish, the hdibut belongs to the flounder group, and has the characteristic
flat body, with both eyes on the same side of the head. Cdifornia hdibut occur from
Magdaena Bay, Bga Cdifornia, to the Quillayute River, British Columbia (Gilbert
and Scofield, 1898, and www.dfg.ca.gov, 2001). This specieslives mostly on sandy
and mud bottoms, commonly beyond surf line, and aso in bays and estuaries. They
aretypicdly found a depths ranging from intertida nearshore to 183m depth
(Eschmeyer, 1983).

The body of the CdiforniaHalibut is oblong and compressed. The head is smdl and
the mouth large. Although amember of the left-eyed flounder family, about 40
percent of Cdifornia Halibut have their eyes on theright sde. The color is dark
brown to black on the eyed side and white on the blind sde. Their numerous teeth,
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very large mouth and a high arch in the middle of the "top" side above the pectord fin
make them easlly diginguishable from other flatfish (www.dfg.ca.gov, 2001).

Maesfirs mature when 2 or 3 years of age, but females do not mature until age 4 or
5. A 5year old fish may be anywhere from 11 to 17 incheslong. Thesefish may live
aslong as 30 years (Frey, 1971). Spawning takes place in relatively shalow water
during the months of April through July (www.dfg.ca.gov, 2001).

Cdiforniahdibut feed dmogt exclusvely upon anchovies and smilar smdl fishes
(www.dfg.ca.gov, 2001).

This speciesis one of the most desirable of commercia and sport fish in Cdifornia
(Frey, 1971). They are usudly caught with trammel nets, and marketed as fresh fillet
(Eschmeyer, 1873).

Giant Sea Bass (Stereolepis gigas)

The Giant SeaBassis a member of the class Ogteichthyes and the class
Percichthyidae. 1t isclosdy related to the Black SeaBass. It isthe largest, netive
marine bony fish in Cdifornia. Adultslive in rocky areas and kelp beds, and dso
gpend time closer to the sand. Giant Sea Bass live mostly aong the Cdifornian coast.
Although they have been seen north of Cdifornia, it isvery rare. They mostly range
from Humboldt Bay, Cdiforniato the Gulf of Cdiforniain Mexico (Cadwell, 1988).
They are typicdly found from 5 to 46m over rocky substrate (Gotshdl, 1989, and
Eschmeyer, 1983).

The body of the adult giant sea bassis €longate with dorsal spinesthat fit into a
groove on the back. The head isrobust, and the mouth islarge. Giant seabass are
usually reddish brown to dark brown in color on al but their somachs and, at times,
many have dark spots on their sdes. Coloring on juveniles is distinct with the body
being sandy red with white and dark patches spread along the sides (www.dfg.ca.gov,
2001).

Spawning season for thisfish is between July and September. Some femaes start to
mature at seven to eight years and al are by the time they reach 11 years old.
Maturity takes place when the female reaches 50 to 60 pounds. Thelargest females
can produce enormous amounts of eggs. Ovaries in a 320-pound femae contained
over 60 million eggs. When thefish are ready to spawn, they form spawning
aggregations. They remain together for 1 to 2 months while they lay their eggs and
sperm. Larger eggs are about 0.004 inchesin diameter (Caldwell, 1988).

During the maturing time of a Giant Sea Bass s life, they move from sandy bottom
water, to hard and flat- bottomed water in deeper water. They eat animas such as
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crabs, smal lobsters, squid, anchovies, sardines, and bonito. Sealions are mgjor
predators and as they grow, fast-swimming sharks become another (Caldwell, 1988).

Copper Rockfish (Sebastes caurinus)

Copper rockfish are found from the Gulf of Alaska southward to centra Bgja
Cdlifornia(Love, 1991). Adult copper rockfish occur in nearshore waters, reportedly
from the surface to 183m (Stein & Hasder, 1989). Juvenile copper rockfish tend to
livein shalower water, up to about 6m (Love, 1991). Copper rockfish are common
inrocky areas or on rock-grave bottoms in shalow water, but are never observed on
an exclusvey sand bottom (Stein & Hasder, 1989). They are found on naturd rocky
reefs, artificid reefs, and rock piles; typicaly found directly on the bottom, closdy
associated with reefs or vegetation (Mathews, 1990).

Copper rockfish are considered habitat generdists (Mathews, 1990). Juvenilesare
closdly asociaed initidly with the surface and mid-depth Macrocyctis kelp beds
(Stein & Hasder, 1989). Copper rockfish inhabit low rdief reefs during the summer,
coincident with the densest kelp cover; but in fall and winter, when dgd cover is
reduced, low relief reefs gppear quite barren. Copper rockfish do not seem to defend
their territories. They assess habitat quality on the presence of structure, protective
cover, mates, and food, not on presence of predators (Mathews, 1990).

Copper rockfish dso avoid warm water by living in degper depths off southern
Cdifornia (usudly below 55m) than farther north. Conversdly, off British Columbia,
they are found in quite shallow water, mostly less than 18m (Love, 1991).

The body of the copper rockfish is moderately deep and compressed. The head is
large with adightly curved upper profile; the mouth is large and the lower jaw
projects dightly. The color is copper brown to orange tinged with pink. The back
two-thirds of the Sdesare adear, light pink areg; the bdly iswhite (www.dfg.ca.gov,
2001).

Off central Cdifornia, mae copper rockfish may be sexualy mature a 3 years of age
(30 cm); dl are mature by 7 years (40cm). All femaes are mature off centrd
Cdiforniaby 8 years (41cm) (Stein & Hasder, 1989).

Copper rockfish spawn once per year. Egg production ranges from 15,000 eggsin a
24-cm femde to 640,000 in one 47 cm long (Stein & Hasder, 1989). Young are
pelagic as larvae and measure 5-6 mm in length a birth; they remain pdagic until 40-
50 mm SL. Copper rockfish are dow growing and live to 55 years. They can grow to
57 cminlength. Growth rates are highest during the summer, coinciding with high
feeding rates and upwdling (Stein & Hasder, 1989).
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Copper rockfish are opportunistic carnivores. Crustaceans, followed by fish and
mollusks, are the most important food groups of the copper rockfish in terms of
volume, number, and frequency of occurrence. In Humboldt Bay, juvenile
Dungeness crabs were the most important individud food item in terms of volume

and frequency of occurrence (Prince & Gotshdl, 1976). Generaly, copper rockfish
rely less on reef associated food organisms as their age (Sze) increases. Copper
rockfish feed during the day and a night. Copper rockfish 1-3 years old eat juvenile
Dungeness crab and anchovies, with fish increasing and crustaceans decreasing asthe
fish grow (Stein & Hasder, 1989).

Copper rockfish are moderately important in the recreationd catch from southern
Cdifornia northward to &t least southeastern Alaska; adults are commonly taken by
party and private vessels and young are occasiondly taken from piers, jetties and
rocky shores (Love, 1991). Copper rockfish are part of the commercid catch off
Cdifornia, taken primarily by hook and line and gill nets (Love, 1991).

Cowcod (Sebastes levis)

Cowcod occur from Ranger Bank and Guadalupe Idand, Bgja Cdiforniato Usdl,
Mendocino County, Cdifornia (Miller, 1972). Cowcod range from 21 to 366m
(Miller, 1972) and are considered to be transtiona between amid-water pelagic and
benthic species. Adults are commonly found at depths of 180-235m and juveniles are
mogt often found in 30-149 m of water (Love, 1990).

Adult cowceod is primarily found over high relief rocky areas (Allen, 1982). They are
generdly solitary, but occasiondly aggregate (Love, 1990). Juveniles occur over
sandy bottom and solitary ones have been observed resting within afew centimeters
of soft-bottom areas where grave or other low relief was found (Allen, 1982).
Although the cowcod is generdly not migratory, it may move to some extent to
follow food (MacGregor, 1986).

The body and head of the cowcod are somewhat compressed, athough head is very
large, with alarge mouth, and a projecting lower jaw. Adults are uniform pae pink

to orangein color. Y oung fish have four dark vertical bands on their sdes, which
gradually fade into dusky blotches asthey increasein Sze. Their heads are large and
spined, the dorsd fins are deeply notched, and thereis an unusudly wide space
between the eye and the upper jaw. These three characteristics help to distinguish
cowcod from other reddish colored rockfish (www.dfg.ca.gov, 2001). Cowcod grow
to 94cm (Allen, 1982). The length at 50% maturity for both sexes occurs a 43-44cm
in the southern Cdifornia Bight (Love, 1990).

Cowcod are ovoviviparous, and large females may produce up to three broods per
season (Love, 1990). Spawning pesks in January in the Southern Cdifornia Bight

20



(MacGregor, 1986). A 45.5-cm femae may produce up to 181,000 young per brood,
and an 80-cm femde may give birth to nearly two million young (Love, 1990).

Juveniles eat shrimp and crabs and adults eet fish, octopus, and squid (Allen, 1982).

Cowcod have congderable commercia importance and are prized by sport fishers
(Love, 1990). Because of itslarge size, the cowcod is one of the most sought after
rockfishes in southern Cdifornia (www.dfg.cagov, 2001).

Bocaccio (Sebastes paucispinis)

Bocaccio are found in the Gulf of Alaska off Krozoff and Kodiak Idands, south asfar
as Sacramento Reef, Bga Cdifornia (Miller & Lea, 1972). In survey catches,
bocaccio were found to be most common at 100-150 m over the outer continental
shelf; nearly dl were between 50 and 300 m (Allen & Smith, 1988).

Larvee and smd| juveniles are commonly found in the upper 100 m of the water
column, often far from shore (MBC, 1987). They are most often found in shalow
coadtal waters over rocky bottoms associated with adgae (Sekuma & Ralston, 1995).
Postpelagic newly settled larvae in centrd Cdiforniaare first observed associated
with the giant kelp canopy, but are also seen throughout the water column. Adults are
commonly found in eggrass beds, or congregated around floating kelp beds (Sakuma
& Raston, 1995).

Warm temperatures are preferred by larvae, with highest larva dengtiesin water 12°
C or higher (Sakuma & Raston, 1995). Bocaccio reportedly occur in typica marine
waters with salinities of 31 to 34ppt., temperatures of 6 to 15.5° C, and dissolved
oxygen concentrations of 1.0 to 7.0ppt. (MBC, 1987).

The body of the bocaccio is elongate and compressed. The head is pointed, the
mouth large, and the lower jaw grestly protruding. The color varies from shades of
brown to reddish and extends down over the belly. Y oung fish are generdly light
bronze with speckling over the sides and back. Asthey mature, their color generdly
becomes darker and the speckling gradualy disappears (www.dfg.ca.gov, 2001).

Adult bocaccio may move more than 2km per day and they are known to be transent
around oil platforms around Santa Barbara, Cdifornia; large aggregations may

remain near a platform for months and then disappear suddenly (MBC, 1987). Also,
large adults disappear from traditiona commercid fishing grounds during winter

pawning and regppear in the spring (MBC, 1987).

Parturition occurs during October to March off southern Cdifornia (MBC, 1987). In
Cdifornia, bocaccio may become pregnant in October, give birth in November, and
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prepare immediately for a second brood to be bornin March (Hart, 1973). Two or
more broods may be born in ayear in Cdifornia (Love, 1990). The spawning season
isnot well known in northern weters.

Bocaccio move into shalow waters during their first year of life, then move into
deeper water with increased size and age (Hart, 1973). Maesmature at 3to 7 years
with 50% maturein 4 to 5 years. Femades mature at 3 to 8 years with 50% maturein
4to 6 years (MBC, 1987). Although age-at-g9ze cdculations were not given, a 38.1-
cm female may give birth to 20,000 young, while a77.5-cm specimen may give birth
to 2.3 million young (Hart, 1973). Mature eggs measure about 0.55 mm in diameter.
Eggs develop for 40-50 days in the ovary, hatch, and yolkless larvae are released
about one week later at 4-6 mm (Hart, 1973). Larvae remain pelagic for up to 150
days (Sekuma & Raston, 1995). Metamorphosis to a semi-demersd juvenile stage
occurs near 30 mm TL (Hart, 1973).

Larva bocaccio often eat diatoms, dinoflagellates, tintinnids, and cladocerans
(Sumida & Moser, 1984). Copepods and euphausids of dl life stages (adults, nauplii
and egg masses) are common prey for juveniles. Adults eat smdl fishes associated
with kelp beds, including other species of rockfishes, and occasondly small amounts
of shelfish (Sumida& Moser, 1984). Bocaccio probably locate prey by sght and
feed mogtly at night (MBC, 1987). Bocaccio directly compete with chilipepper,
widow, yellowtail, and shortbelly rockfishes for both food and habitat resources
(Ridly, 1992).

Sharks, sdlmon, other rockfishes, lingcod and abacore, as well as sealions,
porpoises, and whales al prey on this species (MBC, 1987).

Bocaccio are caught primarily in mid-water trawls. Bocaccio are arecreationally
sought-after species by anglers from jetties, piers and boats. They are important to
the party boat fishery off Cdifornia(MBC, 1987).

Quillback Rockfish (Sebastes maliger)

Quillback rockfish are found from the northern Channe Idandsin southern
Cdiforniato the Gulf of Alaska(Mller & Lea, 1972). The are common in the Strait
of Georgia, San Juan Idands, and Puget Sound and from southeastern Alaskato
northern Caifornia (Love, 1991). Quillback rockfish are a common, shallow-water
benthic species (Mathews, 1990). They are taken from subtidal depthsto 275m
(Love, 1991), but they occur mainly from 41-60m (Love, 1991).

Quillback rockfish are solitary reef-dwellers, living close to or on the bottom (Love,
1991). Quillback rockfish live among rocks or sometimes on coarse sand or pebbles
next to reefs, particularly in areas with alot of flat-bladed kelp (Love, 1991). They
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are either found perched on rock or kelp or wedged into crevices and holes, and are
rarely seen out in the open or unstructured areas of reefs (Mathews, 1990). Adults
tend to associate with high-rdlief substrate and young- of-the-year tend to associate
with low-relief substrate. Y oung-of-the-year tend to be on the most complex areas of
low-relief reefs (West et. d, 1994) and use edgrass/sand habitat as temporary habitat
(Mathews, 1990). Young settle at 18-25 mm TL to shdlow, vegetated habitats such
as beds of kelp and eelgrass (West et. a, 1994). Dengties on low-relief reefs and
sand/edgrass increased during the summer coincident with pesk plant cover
(Mathews, 1990).

Quillback rockfish only inhabit low relief reefs during the summer and only return
from displacements in the summer coincident with pesk agd cover. They move
from artificia reefsto low relief reefs during the summer and return to artificid reefs
in the fal when kelp disgppears on low rdlief reefs. Returnsto origind reefswhen
atificddly displaced indicate Ste fiddity. Quillback rockfish are not territorid of
their homerange. They may use navigation or olfactory cuesto relocate home Sites.
They maintain smdl home ranges during the day, night, and high currents (Mathews,
1990). Femde quillback rockfish probably move to other habitat to release larvae
because no pregnant individuas were observed in severd survey studies (Mathews,
1990).

Quillback rockfish can grow to 61cm, and can live to be 32 years old but dmost
certainly live longer (Love, 1991). Growth rates differ dong itsrange; off
southeastern Alaska a 12-year-old is gpproximately 31 cm, and 50% of quillback
rockfish mature at 31 cm; whereas off Cdiforniaa 12-year-old would only be 18 cm,
and 50% mature a 23 cm (Love, 1991).

Quillback rockfish consume awide range of prey taxa, but are more dietary
generdigts than other rockfish species. They feed primarily during mid-day and are
inactive, shetering in holes and crevices during the night (Murie, 1995). Quillback
rockfish principaly prey upon brachyuran crabs, gammarid amphipods, euphaugids,
and calanoid copepods (Mathews, 1990).

Quillback rockfish are important in the sport and commercia fisheries (Murie, 1995).
From Oregon to southeastern Alaska quillback rockfish are an important part of the
inshore sport fishery and are taken by party and private vessdls and divers (Love,
1991).
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Califor nia Sheephead (Semicossyphus pulcher)

The Cdifornia sheephead is a member of the wrasse family, typicaly growing to
goproximately 91cm, and ranging from Monterey Bay in central Cdifornia, to Ida
Guaddupe and Gulf of Cdifornia. They are generdly found on rocky substrate and
kelp beds from the intertidal zone to 85m (Eschmeyer et al., 1983).

This species of wrasse are hermaphroditic. When sexudly mature they are females,
but after afew years dmost dl will become maesfor the remainder of their lives
(Gotshdl, 1989). Juveniles are digtinct from adults not only in Sze but in color, they
are dmogt entirdly gold or sdlmon colored with awhite stripe dong the sde
(www.dfg.ca.gov, 2001). Juveniles dso have two prominent black spots on the
dorsd fin and the and fin.

At about one year, juveniles are 3 to 4 inches long and have faded to dull pink. At 2
yearsthey are 6 to 8 inches long, have lost al spots, and have changed in appearance
(www.dfg.ca.gov, 2001).

Mog femaes transform to males at alength of about 12 inches at 7 to 8 years of age.
Sex changes come between spawning seasons. At Catalina Idand, spawning occurs
from July to September (Love, 1991). Y oung about 0.5 inch long occur in late May
through late December The sex change is accompanied by amarked changein
gppearance. Y ounger fish (femaes) are a uniform pinkish red with awhite lower jaw.
Asthey age and become maes, the head and rear third of the body turns black, the
midsection of the body remains red and the lower jaw remainswhite. In al stages of
their development, sheephead have unusualy large teeth (www.dfg.ca.gov, 2001).

Crabs, mussdls, various Sized snails, squid, sea urchins, sand dollars, and sea
cucumbers aretypica food items. The large canine-like teeth are used to pry food
from rocks. A specid plate in the throat crushes shdllsinto small piecesfor easy
digestion (www.dfg.ca.gov, 2001).

Sheephead are targeted by the live-fish fishery since they are found near-shore, and
easly kept dive (Love & Johnson, 1998). Statewide the landings for sheephead
jumped in 1989 from 16,203 tons to 194,942 tons in 1995. Over harvesting of
sheephead is epecidly problematic since these fish are sequentia hermaphrodites
and the fishery takes only small females that may be pre-reproductive (Tegner &
Dayton, 2001).
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Southern Sea Otter (Enyhdra lutris nereis)

The sea otter isamarine mamma that livesin coastd watersin the centrd and North
Pacific Ocean. It isthe smdlest marine mammal in North America Sea otters inhabit
anarow zone of shdlow, littoral water dong the centrd Californiacoast. The
majority of otters remain within approximatdy 1-2km of shore, inshore of the outer
kelp edge, which generally corresponds to the 18.3m depth curve. Some individuas,
however, may be found further offshore to the 37m-depth curve (Wild, 1974).
Foraging activity is generally restricted to water depths of 25 meters or less (Estes,
1983),

In Cdifornia, sea otters are primarily associated with subtidal habitats characterized
by rocky, crevice subgtrate, athough they are so found in sandy subsirate aress. A
rocky substrate supports arich and diverse assemblage of plants and animals,
including prey frequently consumed by sea otters, such as sea urchins, abalones and
crabs. Sea otter dengty within most of the range (with the exception of the northern
and southern population fronts) is related to substrate type; rocky bottom habitats
support an average dendity of five otters per square km, whereas sandy bottom areas
support an average density of 0.8 otters per square km (Anon, 1976). Although
Cdifornia sea otters may inhabit areas devoid of canopy-forming kelp and rest in
open water, the presence of kelp bedsis preferred.

Sea otters prefer the temperate climate. They are foragers who seek their food on the
bottom of rocky and soft-sediment subtidal habitatsin coasta weters (Van Blaricom
& Estes 1988). They dso make their home among the kelp forests. Seaotters, in
fact, help the kel p forests by egting the dominant herbivore in the region, seaurchins.
The origind habitat of the sea otter ranged from the coasts of Washington and

Oregon, and down to the coast of Cdiforniaand Bga Cdifornia (www.seaotters.org,
2001).

Sea Otters are typically about four feet long and weigh an average of 65 pounds for
males and 45 pounds for femaes. They have strong canines and strong molars to tear
and crush their food. Their lung capacity is 2.5 timesthat of land mammas of the
samesze. They have good eyesight and use their whiskersto sense vibrationsin the
water. They are known for the use of rocks as hammers and anvilsto help open the
shells of mollusks (Kenyon, 1969).

Unlike most other marine mammals, sea otters have very little subcutaneous fat to
provide thermal protection and reserve energy, and therefore depend on an entrapped
ar layer maintained within their dense, water-resistant underfur. This providesan
insulating barrier againg the cold as well as buoyancy (Kenyon, 1969).

The Cdiforniaseaotter's diet is dmost exclusvely of avariety of nearshore macro
invertebrates (Estes, 1974). Prey availability varies with location and length of time
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an area has been occupied by sea otters, which in part determines dietary
compodtion. In recently reoccupied habitats of centrd Cdifornia, the diet conssts
principally of abalones, rock crabs and sea urchins (Wild, 1974).

Below isasummation of sdected abiotic and biotic habitat requirements for the

gpecies of interest.
Species Depth (meters)| Substrate B|olo.g|cal WEVE Kelp as
Province Exposure Habitat
Giant Kelp 0-40 Rock OR/CA Low-Med-High N/A
0-10 .
Black Abalone Rock OR/CA Low-Med-High No
Prefer 2-3
White Abalone 20-60 Rock ORICA Low-Med-High No
Prefer 25-30 9
California Spiny 10-60 Rock/Gravel/ OR/CA Low-Med No
Lobster Sand
Red Sea 0-100 Rock/Gravel ORICA Low-Med-High Yes
Urchin Prefer 5-10
Purple Sea 0-38 Rock/Gravel ORJ/CA Low-Med-High Yes
Urchin
. 0-800 All
Market Squid Spawn 20-35 | Mud/Sand OR/CA Low-Med No
California 0-183 Mud/Sand ORICA N/A No
Halibut
Giant Sea Bass 546 Rock/Gravel/ ORICA N/A Yes
Sand
Copper 0-183 Rock/Gravel ORICA N/A Yes
Rockfish
Cowcod 21-366
Rockfish Prefer 180-235 Rock/Gravel OR/CA N/A Yes
Bocaccio 50-300 | pockiGravel ORICA N/A Yes
Rockfish Prefer 100-150
Quﬂlbgck 0-275 Rock/Gravel OR N/A Yes
Rockfish Prefer 41-60
Sheephead 0-85 Rock/Gravel OR/CA N/A Yes
Southern Sea 0-37 All Low-Med-High
Otter Prefer 0-18 Prefer Rock OR/CA Prefer Low-Med Prefer Kelp

Table 3. Sdected species abiotic and biotic habitat requirements
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Methods

GlS Habitat Mode

The GIS habitat modd was built in four phases: planning, data collection and
processing, habitat modd congtruction, and information dissemination. ArcView
(ESRI, 2001) was the GIS package used, since most data collected was in ArcView
“ghepefile’ format.

Phasel: Planning

The planning phase began with the selection of a habitat classfication scheme
gopropriate for the CINMS. The limiting factor of any habitat classfication systemis
the availability of information, which varies for each species or specific habitat type.
Thus, the leve of habitat categorization will be determined by the quality of
information accessible. A habitat classification scheme should also be determined
objectively and have a systematic but intuitively understandable structure (Mumby et
al., 1999).

Any sysem that the CINM S staff develops or adopts must incorporate many species
with very different life forms, habitat needs, and relationships. The ecologica
relationships among species and between species and their habitats can provide the
bass for aclassfication scheme. As part of the management plan review process, the
CINMS g&ff is consdering adopting the Essentia Fish Habitat (EFH) scheme
devised by the Nationd Marine Fisheries Service (NMFS) (Airamie, persond
communication).

The NMFS developed the EFH classification system to identify and protect important
marine and anadromous fish habitats. As mandated by the Magnuson-Stevens

Fishery Conservation and Management Act of 1996, the NMFS, federd agencies, and
regiond fishery management councils are required to ddineste "essentid fish

habitat.” The Act defines EFH as "those waters and substrates necessary to fish for
spawning, breeding, feeding, or growth to maturity” (i.e. waters and substrates
occupied by a species during its life cycle).

According to the EFH classification scheme, habitat can be characterized by physica
parameters such as substrate, depth, sope, seatemperature, and wave exposure. The
EFH scheme groups species of interest into communitiesif they require smilar

physicd and biologica conditions during therr life cycle. An EFH community can be
further divided to specie-specific habitat by explicitly specifying the suitable ranges

of seatemperature, wave exposure, depth, and substrate. These physical parameters
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can be used to delineate essentid fish habitats and be incorporated into a GIS, which
can be updated and managed. In addition, the modified EFH scheme will be easy to
understand. Given the units of categorization thet are relatively familiar to everyone
(depth, substrate, temperature, and wave expaosure), the public will be able to
participate in the proactive management of marine resources since they will be able
identify critical habitats to be conserved.

Phasell: Data Collection and Processing

The EFH scheme uses the physical parameters of substrate, depth, sea temperature,
and wave exposure to delineste species habitats. The data collection and processing
phase focused on collecting data from available sources and processing them into a
usable GIS format.

Depth Data

Ben Watenberger of the CINMS provided Santa Barbara Channd bathymetry and
topography data. The data was ddivered in Arc/INFO (ESRI, ©2001) GRID format
with aresolution of 60 meters, in a Geographic projection (Appendix A). Ben
Waltenberger origindly created the bathymetry grid under the direction of Dr. Led
Mertes of the UCSB Department of Geography. Integrating USGS Digitd Line
Graphs (DLG) and NOAA GEODAS bathymetry points to generate a triangul ated
irregular network (TIN) mode produced the bathymetry grid. The accuracy of the
modd was tested by comparing grid cdl vaues to known point values collected via
NOAA hydrographic surveys. The bathymetry grid covers an extent of the Santa
Barbara Channed and its environs from Pismo Beach to Point Mugu and offshoreto a
distance of 100 miles.
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Figure 2. Bathymetry image (crested by Ben Waltenberger)

Substrate Data

Substrate data, also provided by Ben Waltenberger, consisted of one ArcView
shapefile and one text file of point data, describing the sediment type from grab
samples of the seafloor in the Santa Barbara Channel. The shapefile is compaosed of
5192 substrate samples collected in 1967 by Continenta Shelf Data Systems and
digitized by the Conception Coast Project (Appendix B). Thetext file contains 800
substrate sample points consolidated by the USGS in 2000 (Appendix C). The exact
protocol for substrate sampling for either dataset is unknown. However, it is believed
that the samplers utilized Loran for the 1967 sampling, and aGloba Postioning
System (GPS) in the later sampling in order to determine geographic location. These
samples have arelative accuracy of 50 meters (Ben Waltenberger, persona
communicetion).
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Subdgtrate Type Number Of Points Per centage
Grave 151 2.5%
Mud 1398 23.3%
Rock 921 15.4%
Sand 3139 52.4%
Sl 383 6.4%
Total 5992

Table4. Summary of subdtrate data

The substrate shapefile and the text file categorized substrate into 5 classes containing
as many as 40 subclasses. For the purposes of thisinvestigation, a detalled
description of substrate was not necessary, so the sample points were reclassified into
five genera types: mud, rock, sand, shdlls, and gravel, and then imported into
ArcView asadBasefile. These points were then converted into a shapefile.
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Figure 3. Subgrate dataimage
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Temperature Data

The group used sea surface temperature (SST) data from the Ingtitute for
Computationa Earth System Science (ICESS) at UCSB. |CESS operates a SeaSpace
TeraScan ground station that automaticaly receives High-Resolution Ficture
Transmisson (HRPT) telemetry from the Advanced Very-High Resolution

Radiometer (AVHRR) sensors on board the NOAA-12 and NOAA-14 satdlites. The
information is processed to produce SST and near-infrared albedo data
(www.icess.ucsh.edu, 2001). A year 2000 composite was acquired from Mark Otero
a ICESS asatext file. The SST will be used to ddineate the Oregonian, Cdifornian,
and Trangtiond biogeographicd regions created in the Santa Barbara Channel from

the convergence of Alaskan cold waters and Mexican warm waters. Bathed by the
Cdifornia Current, San Migud and northern Santa Rosa Idand cdlearly liein the
Oregonian Province, supporting biotic assemblages characteristic of central and
northern Cdifornia, Oregon, and Washington (Murray et a. 1980, Segpy and Littler
1980). In contrast, Anacapa and the eastern tip of Santa Cruz Idand are surrounded
for most of the year by warm temperate waters characterigtic of the Cdifornian
Province (Murray et a. 1980, Seapy and Littler 1980). Sea surface temperature maps
suggest that Santa Barbara |dands and southern Santa Rosa and Santa Cruz Idands
represent a trangition between cooler and warmer temperate waters (ICESS 2001).

Fortunately, the Science Pand involved in the Marine Reserve planning for the

CINMS had ddlineated the biogeographical regions. The science advisory panel used
available information on sea surface temperature (ICESS 2001) for rough guidance
and, in the areas of sharpest trangtion, drew biogeographical boundaries that
followed the degpest bathymetric contour (under the assumption that these might
provide a 9gnificant boundary to movement of some species, especidly nearshore
gpecies that rardly enter pelagic waters) (Airame et a. 2000). Ddineations of the
boundaries of the three biogeographica regions were acquired from the CINMSin
shapefile format.

31



" Degrees (Centigrade)

A - 126-15.0
» 150-157
15.7 - 16.3

16.3-16.9
169-18.7

Figure 4. Sea Surface Temperature (SST) Composite for 2000

Wave Exposure Data

We determined aress of high wave exposure by caculating the prevailing direction of
the strongest wavesin the Santa Barbara Channel, and then estimating at what depth
these waves will begin to affect the underlying substrate. We used “significant

height” as a proxy for wave strength (see definitions below). The depth at which
wave energy beginsto affect the substrate and, therefore, organisms at depth isthe
depth at which the wave ceases to be a degp ocean water wave: when depth £ Y2 the
waveength (Thurman and Burton, 2001).

The Coagtd Data Information Program (CDIP) provided the wave data we used to
caculate areas of high wave exposure. CDIP swebsite provides access to severd
U.S. Army Corps of Engineers buoys off the United States' west coast, each
providing wave data. Harvest Buoy, located 9 mileswest of Pt. Arguello, Cdifornia
is the pertinent data source for wave data in the Santa Barbara Channdl.
Measurements taken by the buoy include sgnificant height (Hs), pesk period (Tp),
and wave direction (Dp). Hsis described as the “the average height of the one third
highest wavesin therecord.” Tp isdefined asthe “inverse of the frequency with the
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highest energy in the reported spectrum.” Dp is defined as the “mean direction from
which energy is coming at the peak period in degrees clockwise from true North.
These measurements are defined, recorded, and formatted in ASCI| text files

ble through the CDIP website (http://cdip.ucsd.edu, 2001). The table below
shows a sample of the dataset provided by the Harvest Buoy.

File Name: pm07101200001 Analyzed(UTC): 2000 10/05 2238 hrs

Station Name: HARVEST BUOY

Location: 34 27.50 N 120 46.80 W Sensor Type: Spherical Drctnl Buoy

\Water Depth(m): 548 MLLW Sensor Elev(m): 548.6 Shore Normal(deg): N/A

Year Month Day Hour Minute Hs Tp Dp Ta Sea Temp
uTC m sec deg sec C
2000 1 1 Qg 8§ 0.99 11.1Y 277, 7.02 13.7
2000 1 1 Qg 38 1 11.1)f 280 7.31 13.7
2000 1 1 1 g 0091 7.14 318 6.68 13.6
2000 1 1 il 3§ 1.02 10.53 288 6.85 13.6
2000 1 1 2 g 0.98 10.53 280 6.28 13.6
2000 1 1 2 3§ 0.93 10 280 5.7 13.6

Table5. Sample Harvest Buoy dataset

Wave Strengthv/Direction Modd:
The Harvest Buoy dataset was used to determine the strength and direction of the

waves in the Santa Barbara Channel. We took data spanning one year, the year 2000,

and determined monthly mean, mode, and median valuesfor Hs, Tp, and Dp.
Histograms showed the highest Hs monthly vaues to be approximately 2-3 meters
corresponding to Tp vaues of approximately 13-15 seconds and Dp va ues between
287 and 308 degrees of true north (northwesterly origins).

The peak period vaues for each month were used to derive wave speeds through the
equation:

[ Sw=[9.8(m/s)*Tp(8)] /[2p] | Eq. 1
where Sw iswave speed and Tp iswave period (Thurman and Burton, 2001).

The resulting wave speed va ues were then used to derive wavel engths through the
equeation:

| Lw=Sw(m/9)*Tp(s | Eq. 2
where Lw iswavelength, Sw is wave speed and Tp iswave period (Thurman and
Burton, 2001).

The resulting wavelengths were divided by 2 in order to determine the depth at which
the waves begin to affect the ocean floor. The average resulting depth is 160 meters.
Quaditative analyses of the Santa Barbara bathymetry show that this depth occurs up
to three kilometers from the Channel 1dands shores and, therefore waves are highly
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unlikely to break at these depths. Consequently, benthic organisms may not be
adversely affected at these depths. However, the chance of wave breaking increases
as depth decreases from 160 meters, approximately 1/2 the wavelength of the largest
waves in the Santa Barbara Channel. According to Dr. Libe Washburn (Geography
Dept., UCSB), areasonable but rough estimate for depth at which high wave
exposure would be significant is a depth of 1/8 the wavelength: 40 meters.

To define areas of high wave exposure, we used contoured bathymetric data of depths
less than or equal to 40 meters around the Channd Idands. We defined the 40-meter
depth as the furthest seaward extent of high wave exposure areas and O-meter depth

as the shoreward extent. We then manually digitized this area as a shepefilein

ESRI's ArcView GIS software package. A cone of directions from 270 to 310 of true
North (consistent with the Dp vaues corresponding to the peak periods) was used asa
guiding tool during the manud digitization of the spatid extent of high wave

exposure aress. During digitization, refraction processes that cause waves to change
direction were not considered because of the inherently complex nature of the
phenomena.

I Areas of High Wave Exposure

Figure 5. Areasof high wave exposure




Test Data

A nine-year kelp composite of kelp digtribution in the Santa Barbara Channd was
a o collected from Ben Watenberger. This information was digitized from aerid
photos taken during 1980- 1989 by the Conception Coast Project. This datawas
received in ArcView shapefile format and accompanied by partid metadata
(Appendix D). The kelp composite data was used to test the relative accuracy of
potentid kelp habitat extents produced by the habitat model devel oped during this
investigation.

The group dso received test data from David Kushner of the Channd 1dands

Nationd Park (CINP). The CINP maintains 16 survey transects in the park, at least 2
at each idand, for long term population monitoring (Davis, et d., 1997). The data
was received in MS Excel and MS Access format. The data consists of
presence/absence information for Giant Kelp, Red and Purple Sea Urchins, Cdifornia
Spiny Lobster, White Abaone, and Sheephead.

Miscellaneous Data

Supplementa data collected consisted of ArcView shapefiles for the CINMS
boundaries, delinestions of California and the Channd Idands, and Digital Elevation
Models (DEM) for Cdliforniaand the Channd Idands. These data sets were received
from Ben Waltenberger with no accompanying metadata.

Phaselll: GlISHabitat Mode Construction

Once dl the available data were collected and processed, the GIS model construction
phase proceeded. The framework for the mode is similar to the design of the EFH
classfication scheme. For thisinvestigation, a gpecies potential habitat is defined by
acombination of abiotic and biotic parameters. The abiotic parametersin the model
include SST, depth, substrate, and wave exposure. For species where Giant Kelpisa
suitable habitat, a merged dataset consigting of the potentid distribution of Giant

Kelp and the 9-year kelp data composite, was included as abiotic parameter. This
maximized the potentia habitat extent for speciesthat require Giant Kelp as a habitat
and included kelp areas not captured by the models.

For each species of interest, the specific abiotic and/or biotic parameter was queried
in ArcView depending on the habitat requirements present in the literature. Once
each datalayer was queried, it was clipped. Thefirst layer clipped was depth,
followed by substrate, SST, and wave exposure. The result is a shapefile digolaying
the digtribution of potential habitat in the Santa Barbara Channel for apecies. If a
species requires Giant Kelp as a habitat, then the shapefile of Giant Kelp potentia
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habitat distribution was aso clipped and aggregated. The specific ingtructions for
producing a potential habitat distribution shapefile can be viewed in Appendix E.

Two modeling methods were used to produce the potential habitat distributions. Both
methods included the biotic and abiotic parameters previoudy mentioned, but

differed in the statistical interpolation technique applied to the substrate data. (The
interpolation of substrate data is necessary to estimate the substrate type at points
where subgtrate is unknown.) Two such techniques were gpplied: Thiessen polygons
and Kriging.

Thiessen Technique

The subdtrate data collected is nomina, mud, gravel, etc. The Thiessen polygon
technique provides a method of interpolation most applicable to nomind data.
Conceptudly, the operation works on the premise that the best information about an
unknown point can be inferred from the data point nearest to it. Polygon boundaries
are created around points that are equidistant to al of the neighboring points.
Thiessen polygons divide up an areain amanner thet is determined by the
configuration of the data points. If the data points are irregularly spaced, then an
irregular lattice of polygonswill result (DeMers, 1997).
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Figure 6 (previous page). Thiessen polygon operation: A) Subgtrate points.
B) Draw linesthat connect points to nearest neighbor. C) Find the bisectors
of eachline. D) Connect the bisectors of the lines and assign the resulting
polygon the vaue of the center point.

In ArcView, the Thiessen polygon technique was gpplied to the subgirate shapefile
using the ASSIGN PROXIMTY operation. Utilizing the same geographic extent and
cdl sze parameters as the bathymetry grid, a substrate grid theme was produced.
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Figure7. Subgrate Thiessen grid: Irregularly spaced substrate points
produce an erratic network of Thiessen polygons. Where few varieties of
substrate sample points exist, large distorted polygons are produced.
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Kriging Technique

Kriging is an advanced geodtatistical procedure that generates an estimated surface
from a set of points. Unlike other interpolation methods, kriging involves an
interactive investigation of the spatia behavior of the phenomenon before seecting
the best estimation method for generating the output surface. Kriging isaform of
welghted average estimator, where weights are assigned by amodd fitted to a
function, which represents spatid variability in the property of interest. Indicator
kriging, which was used for this analysis, is uniquein that it can be applied to
nominal data such as subgtrate types.

The principd tool of mogt kriging andyses is the semi-variogram, a function that
relates half the average squared difference between paired data vaues to the distance
(and direction, where anisotropy is considered) by which they are separated. A
methematical model may be fitted to the semi-variogram and the coefficients of the
modd may be used to assign optimal welghts for interpolation using kriging.

The sami-variogram model was selected to best fit the sample semi-variogram which
was computed from the subgtrate points. The semi-variogram is atheoretica function
that isfitted to the sample semi-variogram. The vaue of the sample semi-variogram
for aseparation distance of h (referred to asthe lag) is the average squared difference
in z vaue between pairs of input sample points separated by h. The sample semi-
variogram is caculated from the sample data with the equation:

HEE OV
g(h)——ZN(h)g(XI yi) Eq.3

where N(h) isthe number of pairs of sample points separated by distance h, and xi
and yi correspond to the head and tail of each pair respectively (Deutsch and Journd,
1992).

The semi-variogram mode describing the spatid relationship between neighboring
locations is the critical element of any spatid estimation. The modd is designed to
match closdy the spatid relationship observed in the sample data (e.g. the structure
and dependence observed in the sample semi-variogram), paying particular attention
to those distances, usudly the shorter ones, that are used in the esimation.

There are saverd important features worth noting in the plot of the sample semi-
variogram. At rdatively short lag distances of h, the semi-variance is smdl, but
increases with the distance between the pairs of sample points. At a distance referred
to as the range, the semi-variance levels off to ardatively congtant vaue referred to
asthegll. Thisimpliesthat beyond this range distance, variability is no longer
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spatidly corrdated. Within the range, the variation is smdler whenthe pairs of
sample points are closer together.

Indicator semi-variograms were computed using the gamv program provided in
GSLIB (Deutsch and Journel, 1998). Semi-variograms were created at 0°, 45°, 90°,
135°, and 180°. The models were then fitted to the two most varying directions, as
identified by the plots. Each of the five subgtrate types was independently examined,
and semi-variogram mode s were congtructed for each. Figure 8 shows the semi-
variogram in the 90° direction for mud. All other semi-variogram models can be
found in Appendix E.

Mud Direction 1
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Figure 8. Modeled semi-variogram for mud in the 90° direction

The following parameters were developed based on examination of the sample semi-
variograms.

Subdtrate Nugget Sl Range Anisotropy
Mud .05 13 200-300 0
Sand 1 15 50-150 0
Shdlls .03 .035 200-300 135°
Gravel .005 .02 150-300 135°
Rock .06 .07 100-200 0

Table 6. Summary of Kriging parameters. All modes use an exponentid
function.
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The nugget effect corresponds to the amount of random variability associated with the
data, and the sl corresponds to the maximum distance over which a correlation can
be identified. The range isthe horizonta range for which a corrdation exigs.

Indicator kriging was carried out using the ik3d code of GSLIB (Deutsch and Journd!,
1998) with the input parameters identified above. Kriging was performed on each
subgtrate type with a 500-cell search radius, and an output cell sze of 60 meters. The
output of the kriging operation is a probability surface, showing the probability of
finding the specific subdtrate type in each pixdl. The following map showsthe
probability of rock, based on the substrate sample data:
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Figure 9. Rocky Substrate Probabilities

GlISHabitat Modd Limitations

Theintended purpose of the GI S habitat models was to delineate potentia habitat
digtributionsin the study area. How well thisis accomplished depends on the data
being employed by both models. A mode’ s predictive ability is only as good as the
input data. Any modd output maybe erroneous if the qudity of the input datais
flawed to begin with.
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Subdgtrate type exhibits ahigh leve of loca variation, particularly in nearshore areas
where accurate representation is most important. At the intendity of sampling present
in the subgtrate data, much of thislocd variation cannot be modeled and effectively
predicted by interpolation snce the scale of the variability is smaller than the spacing
of the data points. However, such locd variability isan important characteristic of
the didtribution of aspecies. Thus, we did not want thislocal variability to become
hidden behind a regional average of the resource, but to remain as gpparent and
accessble to the user as possble in the find estimated dataset.

The accuracy of the data created by any mode isimportant information for users of
those data. It isimportant to identify how well the output dataset portrays the
characterigtics of the phenomena it was designed to capture.

Locd variability aso adds uncertainty to any area etimate or summary. Thisisan
additiona factor in the interpolated datasets, because a point estimate is being
assigned to represent an entire 60m by 60m cell. Spatia datasets, like nonspatia
classfications, are themselves abstractions or generdizations of some spatia
variaion that is redly there on the ground (Goodchild and Gopal, 1989). Itis
important to redlize that in some cases it may not be possible to clearly ddineate the
substrate types since the boundaries are not sharp breaks but trangtion zones. The
limits of the data, induding sampling design and intensity, typicdly limit the level of
resolution possble by interpolation. The inherent local variability of the phenomena
has alarge affect on the uncertainty of the predicted vaue at each location.

The model developed in this investigation has been built upon the best available data
for the physical parameters that were selected. The modd is highly dependent on the
qudlity of theinput data, specifically substrate. To make effective use of the substrate
data, satigtica interpolation techniques were implemented. The Thiessen polygon
and the Kriging interpolation techniques applied to the substrate data were then tested
for predictive rdiability.

Thiessen

The Thiessen GIS habitat modd gpplied the Thiessen polygon interpolation technique
to the subgtrate data. The technique worked by drawing polygons around substrate
points depending on the distance to neighboring points. The predictive power of the
Thiessen polygon method was tested by removing a 5% random sample from the
substrate dataset, running the Thiessen operation on the partia dataset, and

comparing the resulting grid to a grid of the removed sample points. Theideaisto
observe whether the Thiessen operation of the partial dataset is capable of capturing
the removed 5% sample. Out of 299 substrate points removed, 152 were captured by
the Thiessen operation for a predictive power of 50.8%. The test was run for two
more iterations for a predictive power of 53.5% and 52.8% respectively. The average
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for these tests was a predictive power of 52.4%. Although the Thiessen polygon
interpolation method demonstrated a low predictive power, it did reved that the
Thiessen operdtion is highly dependent on the substrate points themsalves to produce
ardiable gpproximation of subdrate varigbility.

To complement the Thiessen polygon interpolation, the group explored the creation

of aconfidence surface. A confidence surface isintended to show adecreasein
probability of a substrate type as distance increases from the center of a Thiessen
polygon. To accomplish this task, the nearest neighbor and the distance to the nearest
neighbor were determined for each subgtrate point, using the Nearest Features
ArcView extengon written by Jeff Jenness (1999). Once the resulting file was
imported in Excd, acolumn reflecting the smilarity between the subgirate point
sampled and the nearest neighbor was created. If the sampled point and the nearest
neighbor were of the same subgtrate type, the number one was assigned; if not, azero
was assgned. The amilarity and the distance columns were used in alogistic
regression to identify a correlation between distance and substrate predictability.

Substrate Logistic Regression
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Figure 10. Logigtic regresson testing correlation between distance and
predictive power of substrate data.
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The logigtic regression produced less than favorable results. Figure 10 showsthat as
distance increases from a substrate sample, one is better able to predict the substrate
type of the nearest neighbor. This contradicts the base assumption of predictive
power being the highest a short distance. Similar regressions were performed for
individud substrate types and substrate types within the CINM S boundaries. The
results for these regressions were aso erroneous (Appendix F).

Although the Thiessen approach to subgtrate interpolation is avaid method given the
categorical nature of the substrate data, further analysis of the Thiessen technique did
reved the heterogeneous nature of the substrate sampling. The random Thiessen
testing gpproach and the confidence surface investigation led to the conclusion that
the substrate variance was not equally digtributed among al the subdtrate points
sampled in the Santa Barbara Channdl. Therefore, Thiessen interpolation can
produce unrdigble results. However, this result was expected given the high
variability of subgrate type in the Santa Barbara Channd.

Kriging

In terms of the Kriging mode!, aleve of uncertainty is aways associated with any
edimae. Knowing how much uncertainty exists will help the user identify whether
that uncertainty is acceptable for a specific task and how the data can be used. In
addition, knowing how much uncertainty exists helps identify areas where additiond
sampling would improve the estimates. For estimates of species presence/absence,
indicator kriging provides a probability. Although not strictly an uncertainty vaue, a
probability of occurrence vaue can be effectively used to select a cut-off that reflects
the user's preferences for errors of omission versus commisson in the identification

of areas of species occurrence.

High loca spatid variability contributes to the uncertainty that at any given point
within that cell the estimate being reported would match what was measured on the
ground. It affectsthe uncertainty of the estimate when substrate values vary over
shorter distances than the sampling intengity resolves. This unexplained variation

was reflected in the semi-variogram as a sometimes- subgtantia nugget and resulted in
higher levels of uncertainty associated with the estimates in this study.

Kriging is based on the regiondized varigble theory that assumes that the spetid
variation in the phenomenon represented by the valuesis gatisticaly homogeneous
throughout the surface. This relies on the assumption that the same pattern of
variation can be observed at dl locations on the surface. This hypothesis of spatia
homogeneity is fundamentd to the regiondized varidble theory. Thus, the data
should not only represent the degree of variability in the landscape, but dso the
nature of that variation.
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Summary of Modeing Process

We collected data from six sources: Conception Coast Project (CCP), U.S. Geological
Survey (USGS), UCSB Geography Department, Coastal Data Information Program
(CDIP), Harvest Buoy, and the Ingtitute for Computational Earth Systems Science
(ICESS). These datasets were processed into a usesble format and are the basis of
our modedl input parameters. By combining these parameters, our model predicted a
gpecies potentid habitat didtribution in the following manner:

1. For al species, our modd determined the presence or absence of an organism
at agiven depth (aprobability (P) value of 1 indicates presence, and a
probability of 0 indicates absence).

2. For al species, our modd determined the presence or absence of an organism
over apecific substrate type. When using the Thiessen interpolation
technique, a probability value of 1 indicates presence at that substrate and O
indicates absence. Because Kriging interpolation outputs agrid of
probabilities for each cdl being a particular substrate type, we classfied acell
asasubgrate typeif it was® 50% likely to be that substrate type.  Our model
then determined the presence or absence of an organiam living over the
classfied subdrate type by giving it a probaility vaue of 1 or O.

3. For those species affected by high wave exposure, our mode determined the
presence or absence of an organiam in areas of high wave exposure using
probability vauesof 1 or O, respectively.

4. For speciesthat live in specific bioregions, our mode determined the presence
or absence of an organism in those regions using probability vaues of 1 or O,
respectively.

5. For speciesthat depend on Kelp for habitat, our model determined the
presence or absence of organism in areas where Kelp is present using
probability vauesof 1 or O.

6. These probabilities are combined to determine the potential habitat
digtribution (where individuas of a species could be present).

Below isa summary of the modd building process.
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Figure 11. Summary of modd building process

Model Output Testing

The potentia habitat distributions crested from the GIS habitat models were
compared againgt test datato evauate the models' predictive power. The test data
available was limited, because the location of fish catch is generdly consdered a
trade secret, and state and federal agenciesfed publicizing the locations of species
contradicts their conservation efforts. Furthermore, underwater surveys are very
expendve and difficult to undertake for any concerned party. Nonetheless, the group
did manage to acquire test data from the CINM S and the CINP. The test data
conssted of anine-year compodte of Giant Kelp distribution in shapefile format and
presence-absence data for White Abalone, Red Sea Urchin, Purple Sea Urchin,
Sheephead, and the Cdifornia Spiny Lobster. No test data was available for any
other species of interest.

Wetested al model outputs against point observations collected and provided by staff
scientists at the Channd Idands Nationa Park. The distribution of test Stes can be
seenin Fgure 12.
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Figure 12. Location of test points

For the model outputs created using the Kriging method, the available test data was
examined to identify the probability of finding suitable habitat at each Ste. The mean
probability at dl points provides an indication of the predictive ability of the modd.
Mean probabilities ranged from .28 to .76, with Spiny Lobster receiving the highest
count. Thisismogt likely aresult of lobgters affinity for multiple subgrate types
increasing its overal probability. Table 7 shows the digtribution of habitat

probability vaues across dl of the test Stes. Locations with no vaue indicete Stes
where the survey dives found the species not to be present. Since thisis a predictive
model of potential habitat, only locations where species were found to exist were
tested.
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Idand Location | Giant | Purple | Red Spiny | Sheep- | White
Kelp | Urchin | Urchin | Lobster | head | Abalone
San Wyckoff 45 45 45 _ 44 _
Migud | Ledge
San Hare Rock _ i i _ A _
Migud
Santa | Johnson's _ .73 .73 .99 .70 _
Rosa | LeeNorth
Santa | Johnson's _ 22 21 _ 24 _
Rosa | Lee South
Santa | Rodes Reef 34 34 34 _ 34 _
Rosa
Santa | Gull Idand .60 .61 59 _ .59 _
Cruz | South
Santa | Fry's _ 1 _ 27 .09 _
Cruz Harbor
Santa | Pdican Bay _ 31 31 .53 .26 _
Cruz
Santa | Scorpion .61 .33 34 .78 31 _
Cruz | Anchorage
Santa | Ydlow .29 A5 A7 .90 15 .36
Cruz | Banks
Anacapa | Admirds A7 A3 A3 .6 .09 _
Reef
Anacapa | Cathedral A3 A7 A7 .86 .16 _
Cove
Anacapa | Landing _ A3 A3 .6 13 _
Cove
Santa | Sealion .18 A5 .18 .93 14 _
Barbara | Rookery
Santa | Arch Point 4 4 4 .93 40 55
Barbara
Santa | Cat Canyon | .44 45 _ 97 49 _
Barbara
_ Mean .36 31 31 .76 .28 46
Probability
for All
Test Points

Table 7. Habitat probabilities for dl test sites
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Giant Kelp Testing

The potentid habitat distribution for Giant Kelp in the Santa Barbara Channd was
produced using the following abiotic parameters. a depth range of 0 to 40 meters, a
temperature range encompassing the three bio-regions, no wave exposure restrictions,
and arocky subgtrate type. Since Giant Kelp can tolerate the temperature regime that
encompasses the channel and endure low to high wave exposure, depth and substrate
type will be the determining abiotic factors in the digtribution of Giant Kelp potentia
habitet.

Thiessen Technique:

The potentia habitat distribution for Giant Kelp spans the extent of the Santa Barbara
Channdl. The coasts of Santa Barbara and Ventura counties contain numerous
regions of potential kelp hebitat. In particular, the coasts north of Point Conception
experience sgnificant offshore areas of potentia kelp habitat distributions. Within

the CINMS, potentia kelp habitat regions surround the coasts of San Migud, Santa
Rosa, and Santa Barbaraidands. The idands of Santa Cruz and Anacapa experience
scattered areas of potential kelp habitat along their coasts.

[ Giant Kelp Potential Habitat Distribution

Fairrt Durne
H.,,.,_\If

@
&0 0 &0 Hilameters

Figure 13. Giant Kelp modd output (using Thiessen technique)
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The potentid habitat distribution of Giant Kelp was tested with the nine-year
composite shapefile of Giant Kelp digtribution in the Santa Barbara Channel acquired
from the CINMS. The composite conssted of polygons where agrowing kelp
canopy was observed in the summer of 1989 and kelp distributions were observed
from 1980 to 1988. Ared cd culations were performed on both datasets. Composite
areas within the potential kelp habitat distributions produced by the modd were
clipped. By comparing the areas of the composite captured by the predicted habitat
digtribution to the total area of the nine-year composite, a measure of predictive
power can be attained.

The modd correctly predicted 38.8% of the entire nine-year kelp composite dataset.
Within the CINM S boundaries, the predictive power of the modd improved to
57.4%. Along the Santa Barbara county coast, the model over- predicted north of
Point Conception and severely under-predicted south of Point Conception to include
the Ventura county coast. The predictive ability of the modd aong the coast was
14.5%. The predictive power of the potential kelp habitat distributions surrounding
San Migud (59.6%), Santa Rosa (66.2%), and Santa Barbara (46.2%) idands were
the highest in the Santa Barbara Channd. In comparison, the modd’ s predictive
power around Santa Cruz (30.5%) and Anacapa (20.2%) idands were rdatively low.

Kriging Technique

Based on the modd output, the highest probahilities for finding kelp habitat were
identified northwest of San Miguel and Santa Rosaidands, as well as surrounding
Santa Barbara Idand, and from Point Sal to Point Conception.
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Figure 14. Giant Kelp modd output (usng Kriging technique).

Ten points of known kelp locations were available for testing. Of these ten points, al
fdl within the generd habitat requirements, but with varying probailities.
Probabilities for kelp ranged from .13 at Cathedra Cove on Anacapaldand to .6 at
Gull Idand South on Santa Cruz Idand. The mean probakility for kep a dl the test
points was .36.

White Abalone Testing

Two potentid habitat distributions were produced for White Abalone in the Santa
Barbara Channd. The maximum potentid habitat distribution of White Abaone was
produced with the largest range of physicd parameters. The preferred or prime
potential habitat was amore refined distribution based on specific abiotic
requirements. The maximum potentia distribution was produced with the following
abiotic parameters. a depth range of 0 to 40 meters, a temperature range
encompassing the three bio-regions, no wave exposure restrictions, and a rocky
subgtrate type. The prime distribution was produced with a depth range of 25 to 30
meters and the same wave exposure, temperature, and substrate parameters as the
generd digtribution. The determining abiotic factorsin cresting the potentia habitat
digtributions of White Abalone were subsirate type and depth in this modd!.
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Thiessen Technique:

Along the coadt, the maximum potentia habitat distribution for White Abaoneis
concentrated between Point Conception in the south and Point SA in the north. In
particular, thereis alarge potentid habitat region identified between Point Arguello
and PurismaPoint. Within the CINMS, patches of potential habitat surround each
idand. Significant areas of potentia habitat are apparent off the northeastern coasts
of San Migud and Santa Rosaidands.

The areas of prime White Abaone potentia habitat were less observable since the
depth parameter was restricted to 25 to 30 meters. Patchy areas of potentia habitat
are visble offshore dong the coast from Point Conception to Point Sal. The CINMS
contains numerous aress of potential habitat around each idand. Significant potential
habitat distributions are gpparent off the northwestern coasts of San Migud, Santa
Rosa, and Santa Barbaraidands.
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Figure 15. White Abaone mode output (using Thiessen technique)

The potentid habitat distributions of White Abaone was tested with the transect
survey data acquired from the CINP. Of the 16 transects, only two reported the
presence of White Abalone. Those two survey points were successfully captured by
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the maximum potentia habitat distribution (depth range of 20 to 60 meters). The
prime potential habitat distribution (depth range of 25 to 30 meters) for White
Abalone only captured one of the survey points. The other transect observation was
within 100 meters of the areaidentified as prime potentia habitat.

Kriging Technique:

High probabilities for both the maximum and prime habitat for White Abalone are
primarily around Santa Rosa and San Migud idands. Additiond potentid habitat
zones were a0 identified from Point SA to Point Conception, and Surrounding Santa
Barbara Idand.
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Figure 16. White Abdone mode output (using Kriging technique)

Only 2 points of known white aba one locations were available for testing. Of these 2
points, both fell within the genera habitat requirements, but with varying

probabilities. Probabilities for white abaone ranged from .36 at Y ellow Banks at
Santa Cruz Idand to .55 a Arch Point on Santa Barbara Idand. The mean probability
for white abalone at dl the test points was .46.
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Red Sea Urchin Testing

Two potentia habitat distributions were produced for the Red Sea Urchin in the Santa
Barbara Channel. The maximum potentia habitat distribution of the Red Sea Urchin
was produced with the largest range of physical parameters. The preferred or prime
potentia habitat was a more refined distribution based on specific biotic or abiotic
requirements. The maximum potentia distribution was produced with the following
abiotic parameters. a depth range of 0 to 100 meters, atemperature range
encompassing the three bio-regions, no wave exposure restrictions, and a substrate of
rock and gravel. The prime distribution was produced with a depth range of 5 to 10
meters and the same wave exposure, temperature, and substrate parameters as the
generd digribution. The biotic parameter inputted into the model conssted only of
Giant Kelp. Since the Red Sea Urchin can tolerate the temperature regime that
encompasses the channel and has no wave exposure restrictions, depth, the presence
of Giant Kdp, and subdtrate type will be the determining factors in the distribution of
Red Sea Urchin potentid habitat.

Thiessen Technique:

The digtribution of maximum potentid habitat distribution for the Red SeaUrchinis
scattered throughout the Santa Barbara Channel. Along the coat, the narrow
discontinuous zones of maximum potential habitat border the coastline from
gpproximately Rincon Point to Point Sal. The mogt significant digtributions dong the
coast can be found north of Point Arguello. Within the CINMS, patchy areas of
potentia habitat surround each idand. Significant regions of potentia habitat are
gpparent off the northwestern coasts of San Migud and Santa Rosaidands and the
entire shore of Santa Barbaraidand. Petchy clusters of maximum potential habitat
can be observed surrounding Santa Cruz and Anacapaidands.
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Figure 17. Red SeaUrchin modd output (using Thiessen technique)

The areas of prime Red Sea Urchin potential habitat were less observable since the
depth parameter was redtricted to 5 to 10 meters. Small discontinuous zones of prime
potentia habitat can be found aong the coast from Surfer’s Point to Point Sal. The
largest areas of prime potential Red Sea Urchin habitat, within the CINMS, can be
observed off the coasts of San Migud and Santa Cruz idands. Santa Cruz, Anacapa,
and Santa Barbaraidands have smal discontinuous clusters of prime potentia habitat
off their coasts.

The potentia habitat distributions of the Red Sea Urchin was tested with the transect
survey data acquired from the CINP. Out of 16 transect survey observations, seven
were cgptured by the maximum potentia habitat distribution (depth range of 0 to 100
meters). Santa Rosa and Santa Barbaraidands performed the best in the test by
capturing two out of three transect samples at each idand. San Migud, Santa Cruz,
and Anacapaidands only captured one out of two, two out of five, and zero out of
three transect observations at each idand respectively. The prime potential habitat
distribution (depth range of 5 to 10 meters) for the Red Sea Urchin only captured one
of the 16 survey points. This single observation was captured off the coast of Santa
Barbara Idand.




Kriging Technique

Aress of highest Red Urchin habitat probability were identified primarily around
Santa Rosa and San Miguel idands, with additional habitat between Point Sd and
Point Conception. Scattered patches of habitat were aso identified around each of
the other idands.
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Figure 18. Red Sea Urchin modd output (usng Kriging technique)

14 points of known red urchin locations were available for testing. Of these 14
points, al fdl within the generd habitat requirements, but with varying probabilities.
Probabilities for Red Urchin ranged from .1 & Hare Rock at San Miguel 1dandto .73
at Johnson's Lee North on Santa Rosaldand. The mean probability for Red Urchin
at dl the test points was .31.

Purple Sea Urchin Tegting

The potentid habitat distribution for Purple Sea Urchin in the Santa Barbara Channdl
was produced with the following abiotic parameters. a depth range of 0 to 38 meters,
atemperature range encompassing the three bio-regions, no wave exposure
regtrictions, and a substrate type of rock and gravel. The biotic parameter inputted
into the modd conssted only of Giant Kelp. Since the Purple Sea Urchin can tolerate
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the temperature regime that encompasses the channd and has no wave exposure
restrictions, depth, the presence of Giant Kelp, and subgtrate type will be the
determining factors in the distribution of Purple Sea Urchin potentia habitat.

Thiessen Technique:

The potentid habitat distribution of Purple Sea Urchin is scattered throughout the
Santa Barbara Channel. Along the coast, the narrow discontinuous zones of potential
habitat border the coastline from gpproximately Rincon Point to Point SA. The most
ggnificant distributions aong the coast can be found north of Point Conception.
Within the CINMS, zones of potentia habitat surround each idand. Significant
regions of potential habitat are gpparent off the coasts of San Migue, Santa Rosa, and
Santa Barbaraidands. Numerous discontinuous clusters of potentia habitat can dso
be observed engulfing the coasts of Santa Cruz and Anacapaidands.
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Figure 19. Purple Sea Urchin modd output (using Thiessen technique)

The potentid habitat distribution of the Purple Sea Urchin was tested with the

transect survey data acquired from the CINP. Out of 16 transect survey observations,
seven were captured by the maximum potential habitat distribution (depth range of O
to 100 meters). Santa Rosa and Santa Barbara idands performed the best in the test
by capturing two out of three transect samples a each idand. San Miguel, Santa
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Cruz, and Anacgpaidands only captured one out of two, two out of five, and zero out
of three transect observations at each idand respectively.

Kriging Technique:

Aress of highest Purple Urchin habitat probability were identified primarily around
Santa Rosa and San Migud idands, with additiond habitat between Point Sal and
Point Conception. Scattered patches of habitat were also identified around each of
the other idands.
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Figure 20. Purple Sea Urchin modd output (usng Kriging technique)

16 points of known purple urchin locations were available for testing. Of these 16
points, dl fell within the generd habitat requirements, but with varying probabilities.
Probabilities for Purple Urchin ranged from .1 at Hare Rock a San Miguel Idand to
.73 a Johnson's Lee North on Santa Rosa ldand. The mean probability for Purple
Urchin at dl the test points was .31.
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California Spiny Lobster Testing

The potentid habitat digtribution for the Cdifornia Spiny Lobgter in the Santa
Barbara Channd was produced with the following abiotic parameters. a depth range
of 10 to 60 meters, atemperature range encompassing the three bio-regions, low-to-
medium wave exposure, and a substrate type of rocky, gravel, and sand. The biotic
parameter inputted into the mode only consisted of Giant Kelp. Since Cdlifornia
Spiny Lobster can tolerate the temperature regime that encompasses the channd,
depth, the presence of Giant Kelp, depth, wave exposure, and substrate type will be
the determining factorsin the distribution of Cadlifornia Spiny Lobster potential

habitat.

Thiessen Technique:

The potentia habitat distribution of the California Spiny Lobster spans the extent of
the Santa Barbara Channel. Along the coast, a semi-continuous zone of potentia
habitat can be observed gpproximatey between Point Dume and Point Sdl.
Sgnificant potential habitat regions within this zone are apparent along the shore
between Port Hueneme and Rincon Point and north of Point Conception. Within the
CINMS, clugters of potentia California Spiny Lobster habitat areas border each
idand. In particular, significant regions of potential habitat surround the southern
coasts of San Miguel, and Santa Rosa. In addition, the channel between Santa Rosa
and Santa Cruz idands has been identified as significant potentid Cdifornia Spiny
Lobgter hahitat snce high wave exposureislimited inthisarea. A continuous zone
of potential habitat also borders the eastern coast of Santa Barbaraldand. Along the
coasts of Santa Cruz and Anacgpaidands, numerous small clusters of potentia
habitat can be observed.
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Figure 21. Cdifornia Spiny Lobster mode output (using Thiessen technique)

The potential habitat distribution of the Purple Sea Urchin was tested with the

transect survey data acquired from the CINP. Out of 11 transect survey observations,
four were captured by the Cdifornia Spiny Lobster potential habitat distribution.
Santa Rosa and Santa Barbara idands performed the best by capturing three out of
four transect observations. Santa Cruz and Anacapa idands only managed to capture
one out of seven observations. There were no California Spiny Lobster observations
available for San Migue I1dand.

Kriging Technique:
Dueto the Spiny Lobgters affinity for multiple substrate types, potential habitat
surrounds every idand, and can be found aong the entire coast of the study area.
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Figure 22. Cdifornia Spiny Lobster mode output (using Kriging technique)

11 points of known spiny lobster locations were available for testing. Of these 11
points, dl fell within the generd habitat requirements, but with varying probabilities.
Probabilities for Spiny Lobster ranged from .27 at Fry’s Harbor on Santa Cruz 1Idand
to .99 a Johnson’s Lee North on Santa Rosa Idand. The mean probability for Spiny
Lobster at dl the test points was .76.

Sheephead Testing

The potential habitat distribution for Sheephead in the Santa Barbara Channd was
produced with the following abiotic parameters. a depth range of 0 to 85 meters, a
temperature range encompassing the three bio-regions, no wave exposure restrictions,
and a substrate type of rock and gravel. The biotic parameter inputted into the model
congsted only of Giant Kelp. Since Sheephead can tolerate the temperature regime
that encompasses the channd and has no wave exposure regtrictions, depth, the
presence of Giant Kelp, and substrate type will be the determining factorsin the
digtribution of Sheephead potential habitat.
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Thiessen Technique:

The potential habitat distribution of Sheephead spans the extent of the Santa Barbara
Channd in discontinuous zones. Along the coast, the mgority of the areas identified
as potentia habitat are concentrated approximately between Point Conception and
Point Sd. Theidands of CINMS are each encircled by areas of potentia Sheephead
habitat. In particular, Sgnificant regions identified as potentid habitat surround the
idands of San Migud, Santa Rosa, and Santa Barbara. The idands of Santa Cruz and
Anacapa experience scattered areas of potential Sheephead habitat dong their coadts.
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Figure 23. Sheephead modd output using (using Thiessen technique)

The potentia habitat distribution of Sheephead was tested using the transect survey
data acquired from the CINP. All 16 transects reported the presence of Sheephead.
Of the 16 survey points, seven were correctly captured by the potential Sheephead
digtribution. The best prediction of Sheephead habitat was off the coasts of San
Miguel, Santa Rosa, and Santa Barbaraidands, where five of eight survey
observations were successfully predicted. The other three observations were within
an average of 77 meters of potentia habitat areas. Santa Cruz and Anacapaidands
only predicted two of eight survey observations. The two survey points that were
correctly captured by the potentia habitat distribution were off the coast of Santa
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Cruz Idand. The average distance from potentia habitat areas for the missed survey
points was 282 meters for these idands.

Kriging Technique:

Aress of highest Sheephead habitat probability were identified primarily around Santa
Rosaand San Migud idands, with additional habitat between Point Sa and Point
Conception. Scattered patches of habitat were also identified around each of the other
idands.

San Miguel

[ california
[ | CINMS Boundaries

Sheephead

[ ]0-0.2

I 0.2-05 B
B 0.5-0.7 W .
0.7 -1 0 20 40 Mles A

Figure 24. Sheephead modd output (using Kriging technique)

16 points of known sheephead locations were available for testing. Of these 16
points, dl fell within the generd habitat requirements, but with varying probabilities.
Probabilities for sheephead ranged from .1 a Hare Rock at San Migud Idand to .7 at
Johnson’s Lee North on Santa Rosaldand. The mean probability for sheegphead at dl
the test points was .28.
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Phase 1V: Information Dissemination

To make the GIS habitat modd and the modd outputs useful to al stakeholders, we
had to make them publicly accessble. In order to accomplish this task, we needed to
create and design a website with mapping and GIS capatilities.

ESRI’'s ArclMS software package integrates GIS and the Internet. The package has
the basic GIS functionality of ESRI’s ArcVIEW GIS software package but also offers
client support for Internet streaming and local geoprocessing dl through aweb
browser interface. Thisinterface can digplay local desktop data, access Internet data,
or integrate both.

Problemswith ArcilMS

Because ESRI’s ArclM S software packageis fill in an early version, there are
problems associated with it. Technical problems stem from glitches or “bugs’ in the
program which affect the map display. These problems are trivia and do not
sgnificantly prohibit the use of ArclMS.

Functiond problemswith ArclMS are significant. Thefirst problem we encountered
was the inability of the program to display and query grid maps. We worked around
the digplay problem by manudly programming ArclMS into digplaying grids,
however, because the grids were displayed smply as background images, we were
unable to query them. This severdly limited the functiondity of our website because
some of the data we used, such as the bathymetric data from which depth was
determined and the interpolated substrate data layers, arein grid format. Therefore,
we were unable to include these datasets in our Site for users to manipulate.
Additiondly, ArcIM S does not dlow querying of more than one distinct data layer.
In fact, the querying capabilities of the package are so limited, we were unable to
provide users with the kinds of spatia querying that would be most useful when
manipulating species habitat requirements.

Useable Features of ArcIM S

ArcIMS has two fegtures that users will find useful. The first festure, “MapNotes,”
alow users to comment on our modd’ s predicted potential habitat distributions by
posting messages to the site directly on the map images. Other users can access these
comments and then respond with a*“map note” of their own. The second festure,
“MapEdits,” dlow usersto draw points, lines, and polygons on the map images and
then submitting them to our Site. We can then incorporate these features into our
maps should we choose to do so. These web-based features are useful tools for
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exchanging information and ideas between stakeholders and resource managers.
Specificdly, they are effective methods for drawing attention to mistakes in our
model outputs as well as providing us with additiona data we can incorporate into
our modd.

Website Creation

We consdered severa basic functions when we crested the project website;
1. Project Description
2. DdaAuvaildbility
3. Modd Availahility

The gtructure of the webdte is centered on the ArclM S outpuit files of our GIS modd.
The entry page (http://www.bren.ucsh.edu/msg) consists of a brief introduction of our
group and our project. The menu bar is displayed on the top of the web page and
consgts of the following options buttons:

Home

CINMS

MSG Project

Habitat Digtribution

Miscellaneous

. Group Members

Each menu button leads to a section of the Ste dealing with its own unique menu bar
located on the left side of the web page. The “Home” section is Smply the entry
page. The*CINMS’ section provides users with a brief history of the Channel
Idands Naiona Marine Sanctuary, oceanographic conditions in the Channel,
biologica characteristics of the Channdl, abrief overview of the CINMS objectives,
and an overview of the current Management Plan Review Process. The“MSG
Project” section of the Site summarizes our project. We include images of the
datasets used, as wdl as tables detailing how we created our specieslist. By posting
our abgtract, executive summary, aswell as brief overviews of the four project
phases, users are informed of the manner in which our modd was created and
utilized. The “Habitat Digtribution” section has amenu bar containing a button for
each species on our Species of Interest List. When accessing these buttons, users are
shown a page containing the habitat requirements of each species aswell aslinksto
images of the modd outputs and the ArclM S output files we created for each species.
Detalled ingructions on how to use the ArclMS interface are included in this section.
The “Miscdlaneous’ section of the Ste contains links to pertinent information on the
Internet that help users better understand the project. Links to the marine resources
websites (including the Sanctuary’ s site), GIS-related Sites, and Sites of agencies from
which we collected data are included in this section. Additiondly, the modd input
parameters that we used and a printable (PDF) version of our paper are available for
download.

oA WNPE
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Figure 25. Website ArclMS interface snapshot

User Testing

Website:
Three students from the Bren School of Environmental Science and Management
were asked to participate in testing the website interface: Katie Siegler, Jeremy
Gress, and Martin Schulz. They were asked to respond to the following questions:
1. What do you think of the gte's functiondity (i.e, isit easly navigable,
menu barsintuitive, etc.)?
2. Arethere sections and/or information you feel we should add to the Stein
order to increase understanding of the MSG Project and itsrelation to the
CINMS and resource management?
3. Inaddition to your responses above, are there other ways we can improve
the website?
Based on the testers' responses, we replaced the JavaScript main menu bar (on the top
of the page) with amore intuitive HTML-based menu bar. All image navigation
buttons were replaced with HTML text-based buttons and, with the exception of the
“HOME" page, dl other pages do not have decorative images that tend to dow page
download. Findly, the origind color scheme of red and blue was replaced with a
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more conservative and less obtrusive blue and white scheme. Asfor ste content, the
students did not suggest drastic changes to the website.

ArcIMS:
The same three students from the Bren School were asked to test the ArclMS
interface by responding to the following questions:
1. What do you think of the ArciM S interface' s functiondity?
2. Arethere additiond datalayers you would like to see to help you better
understand the CINMS' natural resources?
3. What kinds of operations would you like to be able to do to the data
layers?
The main concern of the three testersis the fact that the functions of severd
“MapNotes’ and “MapEdits’ submenu buttons are difficult to understand. In
response, we provided more detailed ingructionsin the “Ingtructions’ page. Asfor
additiond datalayers, no new ones were requested. However, in a conversation with
CINMS Environmenta Consultant, Satie Airame, the addition of data layers
representing suggested marine reserve areas was discussed as away to enhance public
participation in resource management. By overlaying these reserve arealayers over
potentia habitat distributions, users might better understand which areas would be
more effective as“no-take’ zones. Two of the three students suggested the addition
of multiple detalayer querying; however, as mentioned previoudy, ArclMS does not
support that operation.
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Discussion of Methodology

Habitat Requirements

Ignoring Biotic Factors:

Thismodd is an attempt to use abiotic factors and kelp to predict potentia habitats,
thus, it explicitly does not take into account predator/prey relationships. The presence
of suitable habitat for any given species may depend on avariety of complex
ecologicd interactions. A species may be congtrained by alack of prey items,
competition, or predation. Any of these factors can limit the suitability of aste
beyond smple abiotic congraints, however, this modd does not take these
interactions into account. Thus, the habitat extents identified in this study may be
consdered the maximum potentia range of the species. In redlity, potentia habitat
includes a prime region where reproduction and surviva potentid are maximized,
beyond which habitat quality declines monotonicaly to the habitat boundary, where
survival and reproduction are bardly possible. 1dentification of habitat suitability or
quaity would require more detailed investigation of the trophic interactions for a
given ste

Species Ranges.

The modd used in this study is a crude smplification of complex ecologica
processes. Although exact areas with clear boundaries represent input parameters, it
isimportant to redize that in redlity thisis not necessarily the case. Habitat
requirements for a specific species may vary to some degree from place to place, and
should be consdered to lie on acontinuum. A species may be generdly limited to
the condgtraining bounds identified in this study, however the density within those
bounds can vary considerably. Individuds of the same species may dso exhibit
varying hebitat preferences to some degree, athough this type of analysis cannot
capture thislevel of detail. There has been no atempt to determine species density
across the habitat range.

For many species the mgority of the individuals can be found near specific depths,
however the maximum range extends much farther. Since the maximum depth range
was used in this modd to determine suitable habitat, in some areas this habitat may
represent the extreme limits that the speciesiswilling to tolerate. In redity the depth
range for a species can be viewed as a distribution function, with the peek at the
prime depth, and tails diminishing in ether direction. For some species, where
information was available, the prime habitat zone where the species is most
commonly observed was aso identified.
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An additiond issue is that the habitat preference for some species varies with its life
hisory. Thisstudy only addressed potentia habitat for adult individuas, however
both the depth and substrate preference can vary over the life of an individud.

Mode Inputs

The habitat model we developed used as parameters depth, substrate, wave exposure,
SST, and anine-year composite of kelp distribution in the Santa Barbara Channdl.
After tedting the potential habitat mode, it was evident that the data parameters of
depth and subgtrate were the primary determining factorsin the distribution of

potentid habitat. The depth range of a species ddineates the maximum extent of a
species potential habitat, while substrate data refines the potentia habitat within a
specified depth range. The input of these two datasets created the foundation of the
potentid habitat model.

Of the 15 sdlected species, only the Cadifornia Spiny Lobster, the Squid, and the
Southern Sea Otter required the input parameter of wave exposure. The Quillback
was the only selected species restricted to the Oregonian Bio-region, thus requiring
theinput of the SST data. The kelp composite provided by the CINMSwas used as a
biotic input for the Red and Purple Sea Urchins, Copper, Cowcod, Quillback, and
Bocaccio Rockfish, the Southern Sea Otter, the Giant Sea Bass and the Sheephead.
The potentid habitat distribution of the remaining selected species (Black Abaone,
White Abdone, Cdifornia Haibut, Giant Kelp) relied entirely on the substrate and
depth datasets.

Input Data Limitations

Datasets may be redtricted by the manner in which the data was created, collected,
and/or converted into inputs for our model. Additionaly, the number of data points
in the set may affect the GIS modd output. Below are more detailed descriptions of
each dataset’ s limitations.

Substrate Data:

The main limitations of the subgtrate dataset are the number of pointsit contains and
the spatid digtribution of these points. Seefloor is highly variable in the Channd. In
some regions, it is known to change every couple of meters (Luyendyk, persona
communication). Because substrate types vary greetly in a given area, numerous data
points are needed to make interpol ation techniques as accurate as possible.
Additiondly, most of the data points were sampled close to shore. This near-shore
bias makes the interpolation of substrate types less accurate with increasing distance
from the shore. A quditative analysis of Figure 3 (substrate sngpshot) shows the
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biased spatid digtribution of data points, as well as highlighting under-sampling in
far-shore regions.

Subdtrate is dynamic and changes with time as a result of erosion processes aswell as
deposition and trangport mechanisms. The substrate dataset contains points taken
from 1967 to 2000 (not continuoudly); therefore, some of these points may no longer
bevdid. Physica processes may have replaced one substrate type with another (i.e,
from sandy to rocky substrate).

Sea Temperature Data:

The sea surface temperature dataset is a static and composite representation of sea
surface temperatures in the Santa Barbara Channel. It cannot illugtrate the shifting
temperature boundaries as well as the changesin temperature over time.
Additionally, temperature regimes with tempora resolutions of less than one year
cannot be described by the dataset. This means that any seasond variationsin
temperature that affect the Channel and, the digtribution of temperature-dependent
organisms cannot be incorporated into our GISmode. All of the datainputs are
datic maps, thus no tempord variability isincluded in thisandyss

Wave Exposure Data

The assumptions used to derive wave exposure are not entirely accurate. For
ingtance, at a depth of %2 the wavelength of awave, awave only begins to affect the
ocean floor. This does not necessarily mean it will have adverse effects on organisms
that are sengtive to physical perturbations. A true measure of high wave exposure
would be the point a which the wave actualy bresks. Given the data available to us
aswell asthetools at our digposd, it was not possible to determine the exact point at
which wave breaking occurs. Thus, only a coarse estimate of the depth (the chosen
40-meter depth) can be obtained from the given data. Additiondly, Since the average
sgnificant heights were used to derive the data, above average waves were not
congdered. Similarly, snce average directions were used, waves originating from
other directions were not considered. Another limitation isthe possible errors crested
during the manud digitization of the data: the 40- meter depth line may not

completely coincide with the outermost limit of high wave exposure aress.

Test Data Limitations

The testing of the habitat modd’ s output was limited by the observation data

available. The datasets acquired for testing conssted of anine-year Giant Kelp
composite (1980 — 1989) provided by the CINMS and transect data from the CINP.
The only speciestested were Giant Kelp, White Abalone, Red Sea Urchin, Black Sea
Urchin, the California Spiny Lobster, and the Sheephead.
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The digtribution of Giant Kelp is highly tempora. Consumption or climétic events
such as El Nifio can adversdly impact the digtribution of Giant Kelp. The modd’s
Giant Kelp potentia habitat distribution performed poorly in capturing the areas of
Giant Kep habitat identified by the nine-year composite. This can be attributed to

the inadequate sampling of rocky subgtrate in the Santa Barbara Channel. What the
composite does show is areas of habitat that existed between 1980 and 1989 that may
or may not exist today. These areas could be consdered potentia habitat that should
have been captured by the modd.

The presence/absence data provided by the CINP is limited to the transect locations
around the Channd Idands. The sixteen transects are restricted to areas that CINP
personnd can dive, usudly no deeper than 30 meters. Also, the location of the
transect observations were determined with a GPS to arelative accuracy of 100
meters (Waltenberger, personal communication). For amgjority of the species tested,
a 100-meter buffer around each observation would sgnificantly increase the modd’s
predictive power. Testing was further restricted to the CINMS since no
presence/absence data was available for areas outside the sanctuary.

Moded Limitations

Thiessen:

The substrate shapefiles produced from the Thiessen method are of poor relative
accuracy since the distance between the substrate samples was not cons stent
throughout the dataset. The biggest disparity in distance can be viewed between the
subgtrate samplesin and out of the CINMS. Within the sanctuary, substrate sampling
ismore uniform. Outsde the CINMS, no consistent pattern could be observed. In
addition, the distance between the core of the substrate sampling in and out of the
sanctuary isrelatively high. This became gpparent when the rocky substrate shapefile
was produced utilizing the Thiessen method. A noticeably large rocky substrate area
was identified off the northwestern coast of San Miguedl. The reason for such alarge
rocky area can be attributed to the fact that the closest rock sample was 12,000 meters
away. Similar results were produced for rocky substrate off the northwestern coast of
Santa Rosa Idand and the shores of Purisma Point. Thus, the potentia habitat
distributions produced using rocky substrate will be exaggerated. In contrast, limited
rocky substrate was captured off the coasts of Santa Cruz and Anacapaidands.
Therefore, the potentia habitat distributions produced using rocky substrate will

show no suitable habitat in those aress.

The size and shape of the resulting polygons depends on the sample point layoLt.
Awkward shaped polygons will result from a skewed sampling protocol. Thiswas
very gpparent in some of the potentia habitat distributions produced. For species that
required a substrate type of rock, peculiar shaped potentia habitat distributions were
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produced off the northwestern coast of San Miguel idand and off the shores of
Purisma Point.

The Thiessen method gpplied for interpolating subgtrate typesis highly dependent
upon the substrate samples. The Thiessen method is very limited in representing
gradud change in subgirate. The 5992 subgtrate samples may be insufficient to
capture the variability of substrate within the Santa Barbara Channdl. To accurately
ddineate areas of rock, sand, mud, shells, or gravel substrate, the substrate sampling
should be focused in regions where subgtrate variability is the highest. Applying the
Thiessen method to a larger, more focused substrate sample dataset would produce
better results.

Kriging:

The effectiveness of kriging interpolaion aso relies greatly on the spatia ditribution
of thedata A magor assumption in kriging is that points close together will be more
amilar than points that are far gpart. Kriging depends on this concept in order to
generate amodd of spatia variability over distance. Unfortunately, not dl of the
subgtrate types seemed to follow this pattern very well. For some types such as mud
and sand, many samples were available, and a clear proximity correlation was visible.
This smooth increase in variability can be seen in the mud and sand semi-variograms
in Appendix H. Far from shore there seem to be vast areas of continuous mud and
sand, so unknown points near these areas can be expected to aso contain mud or
sand. However, near shore there appears to be considerably more spatid variability
in the subgtrate types. Rocky areas seem to exist in small reefs, often surrounded by
other subgtrate types. Also, there were much fewer sample points for rocky
substrates, making the patterns even harder to identify. The widerange of variahility
over distance for rocky areas is gpparent in the semi-variogram plotsfound in
Appendix H. Itisclear from these plots that in some cases the modd does not closely
meatch the vigble distribution of the data

Error Propagation

The error in each dataset in the GIS habitat mode gives rise to further errors when the
datasets are combined, transformed, or andyzed. When mapsthat are stored inaGIS
database are used asinput to a GIS operation, the errorsin the input will propagate to
the output of the operation. Moreover, the error propagation continues when the
output from one operation is used as input to an ensuing operation (Heuvelink, 1998).
This propagation of error can lead to uncertainty in the validity of the conclusons that
are drawn.

The input data sets with the most significant error are bathymetry and substrate.
These datasets form the foundation of the GIS habitat model we used to creste species
potentia habitat digtributions. Thus, the errors inherent in these datasets propagate to
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the find potentia habitat map. The bathymetry data has a 60-meter resolution and a
vertical precison of 0.75 to 10 meters. The sampled substrate points were located
using Loran, aradio navigation system used by a ship or arcraft to determine
geographical location, with a positiona accuracy of 50 meters, aswell as GPS
(Wadtenberger, personal communication). When the two datasets are combined, the
artifactsin uncertainty will dter the positional accuracy of the distribution of species
potentia habitat.

By including the GIS database error into the habitat model, one can attempt to
quantify the effect error propagation would have on potentia habitat distributions
produced. The ability to determine how much each individua input contributes to the
output error is extremely vauable. It dlows usersto explore how much the qudity of
the output improves, given areduction of error in aparticular input (Heuvelink,
1998).

To anayze the propagation of errorsin our GIS habitat model, a potentid habitat map
was produced by including the error inherent in each data set to the abiotic habitat
requirements of a particular species. The species chosen for this test was the White
Abalone because of its considerable dependence on depth and substrate typein
determining its potentia habitat.

Thiessen Method:

The maximum potentid habitat distribution for the White Abalone was produced with
adepth range of 20 to 60 meters and arocky subgtrate type. By incorporating the
error of the two datasets in these abiotic parameters, the maximum potentia habitat
distribution would be enlarged to a depth range of 10 to 70 meters, with a 50 meter
buffer encircling areas identified as rocky substrate.
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White Abalone Potential Habitat Distribution with Bathymetry and Substrate Error

b ‘ VWhite Abalone Maximim Polential Habitat Distribution

-] 1] 9 16 Kilometars

Figure 26. Illustration of model output with database error

Figure 26 shows the extent of the digparity between the White Aba one potentia
habitat distribution and the habitat distribution produced by including the GIS
database error. Upon andysis, the 50-meter buffer created around aress identified as
rocky subgtrate did not sgnificantly increase the Size of the distribution. However,

the 20 meters added to the bounding depth range did notably augment the areas
identified as maximum White Abaone potentia habitat. Thistest shows thet the
intringc error in the bathymetry play a prominent role in the output error produced by
the moddl. Knowing this, one can State that the areas of potentia habitat are located
within the extent produced by incorporating dataset error into the modd, (with the
caveat that the locationd accuracy of potentia habitat areas cannot be determined.)

Kriging Method:

The kriging methods employed in this study were used to provide a best estimate of
the substrate at unknown points. However, there was a 50-meter horizontd margin of
error in the samplesthat were used. Although not employed here, there are
techniques that can account for this error. One method would be to randomly move
each sample point from O to 50 metersin any direction, and re-run the kriging. This
would then be repested severd times, each time counting the substrate type with the
highest probability at each cdll. The number of times that the same substrate is
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predicted can be compared to athreshold value. Cedllsthat predict the same substrate
less than the threshold can be considered susceptible to sampling error. Likewise,
cdlsthat predict the same subgtrate in nearly every run are not susceptible to
sampling error.
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Conclusions

Species I nformation

Since this habitat model is based solely on abiotic habitat congraints, proper
identification of these limitsis essentid to effective habitat prediction.
Unfortunately, in some cases only limited information exists on these condraints

1. For many species exact temperature limitations are unknown, and only vague
regiond distributions of the species are available. Temperature redtrictions
had to be inferred from these generd digtributions to determine if the species
would be limited within the Sudy area.

2. Theimpact of wave exposure was aso difficult to identify. For many species
the influence of high wave exposure on habitat potential has not been clearly
identified, and aso had to be inferred from available literature.

3. Themode could dso be improved to more accurately represent depth ranges
if better information were available. For most species only the maximum and
minimum depth range is known. However, if data existed on how species
dengty varies with depth, thisinformation could be incorporated into the
model. Thisfunction, which would decrease from the prime habitat zone to
the maximum and minimum depths, could be used to generate a more accurate
probability modd.

Habitat Classification

In the face of ever increasing pressure on natural resources, both adjacent to and
indde sanctuary waters, scientists and managers need tools that help predict the likely
consequences on vauable marine resources. It would be ided to have two different
systems of habitat cheracterization for the CINMS. a scheme/classification based on
generdized habitat information, and a modeding system capable of congtructing and
spatidly identifying habitat types. The habitat dassfication will be ahierarchicd
scheme that has generaized habitat into "types.” The habitat mode will be able to
accept continuous environmental data and redefine habitat boundaries accordingly.
Both sygems are intrindcdly linked. The habitat modding system will redefine the
habitat classfication scheme over time and as environmental conditions change. The
habitat classfication system generdizes the habitat mode for use in management and
conservation purposes, where concerned parties do not require the same level of
detailed information.

For the purposes of the CINMS, a habitat classfication scheme coupled with a habitat
modd will serve their management and educationa needs. By usng the EFH
classfication scheme, the generd public will have no problem identifying critical
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marine habitats. The scheme is smpleto understand sinceit is based on afew abiotic
parameters (substrate, depth, SST, and wave exposure). Itisrdatively
sraightforward, and does not require akey or an extensive ecology background to
understand the classification nomenclature, unlike that of other cumbersome
classfication schemes (e.g. Marine- Offshore- Pelagic- Mesopd agic- Aphotic).

GISModel

An overal assessment of the performance of the GIS habitat model was based on how
well the potentia habitat distributions produced from the Thiessen or Kriging

substrate interpolation methods captured the test data. The testing phase of the
project revealed that the model’ s performance varied spatialy.

Thiessen Method:

When using the Thiessen method, the mode performed well where the substrate
sampling captured the variable nature of marine sediment in the Santa Barbara
Channd. Specificdly, where rocky substrate was sampled since thisis the substrate
preference for the mgority of the species of interest. The coasts of San Migud, Santa
Rosa, and Santa Barbaraidands performed well in dl of the species tests. However,
since the distance between the core of the substrate sampling in and out of the

CINM S was quite large, the habitat model tended to over-predict the potential habitat
digributionsin those areas. The idands of Santa Cruz and Anacapa ldands
performed much worse. The Thiessen method failed to capture the substrate
variability due to the inadequate substrate sampling in those areas. Hence, the
potentia habitat distributions around Santa Cruz and Anacapa idands were severely
under-predicted. Along the mainland coast, the mode’ s performance varied. North
of Point Conception where rocky substrate was sampled well, the model tended to
over-predict the distribution of potentia habitat, while south of Point Conception,
potentia habitat distributions were severdly under-predicted.

The performance of the habitat modd utilizing the Thiessen method of subdtrate
interpolation would grestly improve with a sophisticated substrate sampling protocol
cgpable of capturing the variability of marine sediment in the Santa Barbara Channdl.

Kriging Method:

The kriging interpolation adso suffered from smilar problemsin the testing phase.

For any given subgtrate type, the probability depends on both the homogeneity of the
subgtrate, as well as the proximity to known points. Unfortunately, the substrate
coverage had problemsin both of these areas. At some locations there was alarge
distance between sample points, which reduced the confidence, and thus probability
for unknown points. Also, in some areas the sample points were highly varigble in
substrate type, which aso acted to reduce the probability of finding any one substrate
a an unknown point. These subgtrate issues resulted in relatively low probabilities
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overdl. Thus, dthough dl of the test points fel within the generd modd bounds
based on depth, temperature, and wave exposure, many of them recelved low
probabilities due to the subgtrate interpolation. The best results occurred in areas
where the model was able to effectively capture rocky reefs, such as the coasts of San
Miguel, Santa Rosa, Santa Barbara idands, as well as north of Point Conception.

Input Data

Sampling and mapping in the Earth sciences are complicated by complex spatia and
tempora variations. The patterns of phenomena being sampled often cannot be
determined or predicted reliably with deterministic models because of data limitations
and uncertainties in both the input data and the phenomena under investigation.

Given the limitations of our datasets, it is evident that higher quality detaiis needed to
predict species habitat distribution more accurately. The under-sampling of subgtrate
types in the Santa Barbara Channd isthe mogt influentia limiting parameter in our
model. A more complete and finer spatia resolution dataset, perhaps incorporating
tempord dependencies, will greatly improve the accuracy of the modd outputs.
Smilarly, seatemperature data with finer tempora resolution would enable the model
to address shifting temperature-dependent biologica provinces.

Additiond input parameters would make the modd more robust. Biotic inputs such
asthelocation of aspecies food sources or the presence of predators would have an
effect on the distribution of habitats. A more robust mode would incorporate both
biotic and abiotic factors to predict habitat distribution.

I nfor mation Dissemination

The efficacy of the Internet-based model as a tool for information dissemination hed
not been fully explored. We were unable to establish amethod for quantifying the
Stakeholders as well as the number of stakeholders who would use the website
primarily because of the short duration of the project. Additiondly, we did not make
the modd available to the generd public at the time we finished writing this report.
Given additiond time, we may have been able to cregte a system for tracking the
number of vidts to the web modd and alogin survey that coud give us more
information on the types and number of people vigting the Ste, aswell as other data
concerning how helpful they thought the Ste was as a source of information.
Fortunately, the CINM S will be appropriating the results of this project ad
implementing it in their website. With their resources, they will be able to further
andyze the efficacy of this project.
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A First Step

Although the modd is limited, it is limited primarily by the qudity of the input data
rather than the way the datasets are incorporated. More sampling of substrate in the
Santa Barbara Channd, particularly nearshore where it is under-sampled, can
dragtically improve accuracy of the modd outputs. Recent work being devel oped by
the U.S. Geologica Survey in the use of side-scan sonar for subsirate andysis may be
goplicable to this project and should be considered when refining this model. Besides
better sampling, the addition of atempora component to any of our input parameters
would improve the modd’s efficacy. We are limited by the dtatic datasets available
to us given the time congtraints and the scope of our project; however, the addition of
atempora component to our model isalogica next step that the CINMS should
consider once they appropriate this project.

As amethod for illugtrating biological dependencies on abiotic factors, the GIS
modd’ s srength liesin its ability to incorporate better datasets or more input
parametersin order to make the predictions more robust. Astechnology evolves,
more information will be available and easly adapted to suit this mode—for

ingtance, abiotic parameters that further delineste species habitats. Asthe modd’s
predictions become more accurate, its usefulness to resource managers, stakeholders,
and the public as atoal for identifying areas for conservation, preservation, and use
will grow.
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Appendix A: Santa Barbara Channd Bathymetry and Topology M etadata

Metadata Data Set Name:
Santa Barbara Channel Bathymetry and Topography
1 Identification Information
1.1 Citation:
8 Citation Information:
8.2 Publication Date:
19981008
84 Title:
Bathymetry & Topography of the Santa Barbara
Channel Area
8.5 Edition:
Verson 1
8.6 Geogpatial Data Presentation Form:
Model
8.8.1 Publication Place:
Santa Barbara, CA
8.8.2 Publisher:
Universty of Cdif. Santa Barbara Dept. of
Geography
8.9 Other Citation Details:
Mertes, L.A.K., et a. 1996,1998. Waltenberger, B.
et d. 1996. Waltenberger, B. 1998.
1.2 Description
1.2.1 Abstract:
An integrated coverage of bathymetry and
topography was created from 1994 USGS Digita Line
Graphs (DLGs) and NOAA GEODAS bathymetry points.
Bathymetry points were pulled from the GEODAS data
and run through an AWK program to attach NOAA
survey number information and thus alink to the
GEODAS metadata. Topography and bathymetry covers
were merged into a sSingle dataset by building a
TIN modd hardsurfaced to the USGS mean high tide
line.
1.2.2 Purpose:
To create a single bathymetry and topography
coverage of the areafrom the Cdifornia Channdl
Idands to the mainland for the enhancment of
coasta process anayses.
1.2.3 Supplementd Information:
Used as a base coverage for arange of analyses

80



ranging from sediment influx into the marine
environment to corrdating migration patterns of
marine mammals
1.3 Time Period Of Content
9.3 Range of Dates/Times
9.3.1 Beginning Date:
19340423
9.3.3 Ending Date:
19970827
1.3.1 Currentness Reference:
Ground Condition
1.4 Status
1.4.1 Progress:
In Work
1.4.2 Maintenance and Update Frequency:
As Needed
1.5 Spacid Domain
1.5.1 Bounding Coordinates
1.5.1.1 West Bounding Coordinate:
-120.94
1.5.1.2 East Bounding Coordinate:
-118.84
1.5.1.3 North Bounding Coordinate:
35.506
1.5.1.4 South Bounding Coordinate:
33.369
1.6 Keywords
1.6.1 Theme
1.6.1.1 Theme Keyword Thesaurus:
Physica Parameters
1.6.2 Place
1.6.2.1 Place Keyword Thesaurus:
Channd Idands
1.6.2.2 Place Keyword:
Cdifornia
1.6.2.2 Place Keyword:
Channdl
1.6.2.2 Place Keyword:
Bight
1.6.2.2 Place Keyword:
Idands
1.8 Use Condtraints:
Not for Navigation
1.9 Point of Contact
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10.1 Contact Person Primary
10.1.1 Contact Person:
Led Mertes
10.1.2 Contact Organization:
Univergty of Cdif. Santa Barbara, Dept. of
Geography
10.4 Contact Address
10.4.1 Address Type:
Mailing and Physicd Address
10.4.2 Address:
Dept. of Geography
10.4.2 Address:
Ellison Hal
10.4.3 City:
Santa Barbara
10.4.4 State or Province:
Cdifornia
10.4.5 Postal Code:
93106
10.4.6 Country:
USA
10.5 Contact Voice Telephone:
(805) 893-7017
10.7 Contact Facsmile Telephone:
(805) 893-3146
10.8 Contact Electronic Mail Address:
leal @geog.ucsh.edu
1.11 Data Set Credit:
UCSB Department of Geography
1.13 Native Data Set Environment:
UNIX-ARC/INFO
2 Data Qudlity Information
2.1 Attribute Accuracy
2.1.1 Attribute Accuracy Report:
The atribute accuracy of thismodd is tested by
comparing the grid cdll vaues to known point
vaues collected viaNOAA hydrographic surveys.
2.2 Logicd Consstency Report:
All surface interpol ations were based on
hardsurfacing the bathymetry and topography to
USGS Mean High Tide polygons with azero Z vaue.
2.4 Positiona Accuracy
2.4.1 Horizontal Pogitiona Accuracy
2.4.1.1 Horizontal Postiona Accuracy Report:
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THe horizorta postiona accuracy is tested by
comparison with existing data sets that cover the
same area.
2.5.1 Source Information
2.5.1.1 Source Citation:
8.1 Originator:
UCSB Dept. of Geography
8.1 Originator:
NOAA National Ocean Service
8.2 Publication Date:
19960000
84 Title
Geophysica Data System for Hydrographic Survey
Data
8.5 Edition:
3.3
8.6 Geogpatial Data Presentation Form:
Database
8.8.1 Publication Place:
Nationa Geophysica Data Center
8.8.2 Publisher:
NOAA
2.5.3.3 Type Of Source Media:
CD-ROM
2.5.1.4 Source Time Period Of Content:
9.3 Range of Dates/'Times
9.3.1 Beginning Date:
19340423
9.3.3 Ending Date:
19970827
2.5.1.4.1 Source Currentness Reference:
Ground Condition
2.5.1.6 Source Contribution:
Points were downl oaded, processed, and integrated
into the modd.
2.5.2 Process Step
2.5.2.1 Process Description:
Bathymetric data within the study extent were
downloaded from the GEODAS CD, and processed in
AWK to attach GEODAS survey |Ds to each point.
These data were then merged with USGS DL G dataand
converted into asingle TIN coverage with dl
points hardsurfaced to aZ=0 line based on the
USGS Mean High Tide data.
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2.5.2.3 Process Date:
Not Complete
2.5.2.6 Process Contact
10 Contact Information
10.1 Contact Person Primary
10.1.1 Contact Person:
Ben Waltenberger
10.1.2 Contact Organization:
NOAA, Channel 1dands Nationd Marine Sanctuary
10.2 Contact Organization Primary
10.1.2 Contact Organization:
NOAA, Channel Idands Nationd Marine Sanctuary
10.3 Contact Postion:
Physicd Scientist
10.4 Contact Address
10.4.1 Address Type:
Mailing and Physica Address
10.4.2 Address:
113 Harbor Way, #150
10.4.3 City:
Santa Barbara
10.4.4 State or Province:
Cdifornia
10.4.5 Postal Code:
93109
10.4.6 Country:
USA
10.5 Contact Voice Telephone:
(805) 966-7107
10.6 Contact TDD/TTY Telephone:
Unavallable
10.7 Contact Facsimile Telephone:
(805) 568-1582
10.8 Contact Electronic Mail Address:.
ben.waltenberger@noaa.gov
3 Spatia Data Organization Information
3.1 Indirect Spatia Reference:
Ragter, 60 meter grid cdlls.
3.2 Direct Spatial Reference Method:
Point
3.4 Ragter Object Information
3.4.1 Raster Object Type:
Grid Cdl
3.4.2 Row Count:
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3940
3.4.3 Column Count:
3171
4 Spatid Reference Information
4.1 Horizontal Coordinate System Definition
4.1.2 Planar
4.1.2.1 Map Projection
4.1.2.1.1 Map Projection Name:
Albers Conicd Equal Area
4.1.2.1.2.1 Standard Paralld:
34
4.1.2.1.2.1 Standard Pardld:
40.5
4.1.2.1.2.2 Longitude Of Centra Meridian:
-120
4.1.2.1.2.3 Latitude Of Projection Origin:
0
4.1.2.1.2.5 Fase Northing:
-4000000
4.1 Horizonta Coordinate System Definition
4.1.3 Locd
4.1.3.1 Local Description:
Albers Equa Area Cdifornia
4.1.4 Geodetic Model
4.1.4.1 Horizontd Datum Name:
North American Datum of 1983
4.1.4.2 Ellipsoid Name:
Geodedic Reference System 80
4.2.2.1 Depth Datum Name:
Mean High Water
4.2.2.3 Depth Digtance Units:
Meters
4.2.2.4 Depth Encoding Method:
Explicit Depth Coordinate Included With Horizonta
Coordinates
5 Entity and Attribute Information
6 Didtribution Information
6.1 Digtributor
10.1 Contact Person Primary
10.1.1 Contact Person:
Ben Waltenberger
10.1.2 Contact Organization:
NOAA / Channd IdandsNMS
10.4 Contact Address
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10.4.1 Address Type:
Mailing and Physical Address
10.4.2 Address:
113 Harbor Way #150
10.4.2 Address:
Ellison Hal
10.4.3 City:
Santa Barbara
10.4.4 State or Province:
Cdifornia
10.4.5 Postal Code:
93109
10.4.6 Country:
USA
10.5 Contact Voice Telephone:
(805) 966-7107
10.7 Contact Facsmile Telephone:
(805) 568-1582
10.8 Contact Electronic Mail Address.
ben.waltenberger@noaa.gov
6.3 Didribution Liability:
Although these data have been processed
successfully on a computer system at the U.C.
Santa Barbara Dept. of Geography, no warranty
expressed or implied is made regarding the
accuracy or utility of the data on any other
system or for generd or scientific purposes, nor
shdl the act of digtribution congtitute any such
warranty. This disclamer applies both to
individual use of the data and aggregate use with
other data. These data are NOT for navigationa
use. Itisstrongly recommended that these data
are directly acquired from U.C. Santa Barbara Dept
of Geography or NOAA, Channel 1dands Nationa Marine
Sanctuary; and not indirectly through other
sources which may have changed the data in some
way. Itisaso strongly recommended that careful
attention be paid to the contents of the metadata
file associated with these data. Neither
University of Cdifornianor NOAA shdl be hed
ligble for improper or incorrect use of the data
described and/or contained herein.
7 Metadata Reference Information
7.1 Metadata Date:
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19981007
7.2 Metadata Review Date:
19990102
7.4 Metadata Contact:
10.1 Contact Person Primary
10.1.1 Contact Person:
Ben Waltenberger
10.1.2 Contact Organization:
NOAA, Channel 1dands Nationd Marine Sanctuary
10.2 Contact Organization Primary
10.1.2 Contact Organization:
NOAA, Channd Idands Nationad Marine Sanctuary
10.3 Contact Postion:
Physica Scientist
10.4 Contact Address
10.4.1 Address Type:
Mailing and Physica Address
10.4.2 Address:
113 Harbor Way, #150
10.4.3 City:
Santa Barbara
10.4.4 State or Province:
Cdifornia
10.4.5 Postal Code:
93109
10.4.6 Country:
USA
10.5 Contact Voice Telephone:
(805) 966-7107
10.6 Contact TDD/TTY Telephone:
Unavallable
10.7 Contact Facsimile Telephone:
(805) 568-1582
10.8 Contact Electronic Mail Address:
ben.waltenberger@noaa.gov
7.5 Metadata Standard Name:
FGDC Content Standards For Digita Geospatial
Metadata
7.6 Metadata Standard Version:
June 8, 1994
7.7 Metadata Time Convention:
Universal Time
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Appendix B: Substrate Shapefile M etadata

Channd Idands Nationd Marine Sanctuary
Metadata Descriptions

Sediments
1. sediments ccp dd

Coverage: Point data that describe the sediment type from grab samples of the sea
floor around the Channd Idands region.

Typeif Data Point
Date: 1967

Source:

Continental Shelf Data Systems
Divison of Doeringsfeld
Almuedo and Ivey, Engineers
Denver, Colorado

Contact:

Cory Gdlipeau
805-687-2073
Conception Coast Project
32 W Anapamu Street 331
Santa Barbara, CA 93101
805-687-2073

Digitized by the Conception Coast Project.
Projection: Decimd Degrees
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Appendix C: Substrate Text File M etadata

Channd Idands Nationd Marine Sanctuary
Metadata Descriptions

2. More Substrate

Coverage:
Soft Sediments (mud, sand, gravel) from grab samples around the Channel 1dands.
Sources of grab samplesvary. The data was comsolidated by the USGS.

Type of Daa Point
Date: 2000

Source:

United States Geologica Survey
Coadta Marine Geology Team
345 Middlefield Road, MS 999
Menlo Park, CA 94025

Contact:

Haimeda Kilbourne
KKkilbourne@usgs.gov

United States Geologica Survey
Coagta Marine Geology Team
345 Middlefield Road, MS 999
Menlo Park, CA 94025
650-329-5482
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Appendix D: Giant Kelp Composite M etadata

Channd Idands Nationd Marine Sanctuary
Metadata Descriptions

1. kelp _ccp_dd

Coverage:

Kelp forest canopy around the Northern Channd Idands and Santa Barbara Idand.
Totd coverage represents the composite or maximum distribution for kelp between
1980-1989. One layer represents the kelp canopy in 1989.

Type of Data: Polygon
Date: 1980-1989

Source:

Ecoscan Resource Data
PO Box 1046
Freedom, CA 95019
408-728-3285

Contact:

Dde Gantz
doantz@ispcorp.com
2145 Bdt Street

San Diego, CA 92113
619-595-5194

Digitized by the Conception Coast Project.
Projection: Decima Degrees.
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| Appendix E: Methodology for Creating Potential Habitat Shapefilesin ArcView |

Methodology for Creating Potentid Habitat Shapefilesin ArcView

Prepan ng the Bathymetry Layer

Have the Bathymerty grid loaded displayed in ArcView.

2. Query the Bathymetry grid for the depth range a Specie inhabits using the
MAP QUERY tool (i.e. Baththymetry > -40).

3. Convert the grid produced from the query into a shapefile using the
CONVERT TO SHAPEFILE operation.

4. Query the converted shapefile usng the QUERY BUILDER Tod (i.e.
shapefilegridvaue = 1).

5. Convert the highlighted feetures into a shapefile usng the CONVERT TO
SHAPEFILE operation.

Preparing the Subgtrate Layer
1. Have the Subgtrate Thiessen grid displayed in ArcView.
2. Query the Subgtrate Thiessen grid for the specific substrate(s) a specie
inhabits usng the QUERY BUILDER Tooal (i.e. subgtrate = rock).
3. Convert the highlighted featured into a shapefile usng the CONVERT TO
SHAPEFILE operation.

Clipping the Bathymetry and Slbstrate Layers
1. Highlight the Bathymetry and the substrate shapefiles.
2. Usethe Clipping Theme ArcView Extension (Girard, 1998), sdlect the CLIP
THEME INSIDE toal.
3. Sdect the Substrate shapefile as the dataset to be clipped.
4. The subdrate type within the specific depth rangeisnow visbleasa

shapefile.
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Appendix F: Logistical Regressionsfor Confidence Surface

Logidtic regressions. testing correlation between distance and predictive power of
substrate data.

Rocky Substrate Logistic Regression
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This graph shows low predictive power at a short distance for rocky substrate

Gravel Substrate Logistic Regression
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This graph shows low predictive power a a short distance for gravel subsirate

92



Mud Substrate Logistic Regression
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This graph shows high predictive power at afar distance for mud substrate

Sand Substrate Predictive Power
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This graph shows high predictive power at afar distance for sand substrate
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Shell Substrate Logistic Regression
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This graph shows low predictive power at a short distance for shell subsirate

CINMS Gravel Substrate Logistic Regression
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This graph shows low predictive power at a short distance for gravel substrate within
CINMS
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CINMS Substrate Logistic Regression
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CINMS

CINMS Mud Substrate Logistic Regression
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This graph shows high predictive power at a short distance for mud substrate within
CINMS
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CINMS Rock Substrate Logistic Regression
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This graph shows low predictive power at a short distance for rock substrate within
CINMS

CINMS Sand Substrate Logistic Regression
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This graph shows high predictive power at a short distance for sand substrate within
CINMS
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CINMS Shell Substrate Logistic Regression
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Appendix G: Modd Outputs

Black Abalone Output

Two potentia habitat distributions were produced for Black Abalonein the Santa
Barbara Channd. The maximum potentia habitat distribution of Black Abaone was
produced with the largest range of physicd parameters. The preferred or prime
potentia habitat was a more refined distribution based on specific abiotic
requirements. The maximum potentid digtribution was produced with the following
abiotic parameters. a depth range of 0 to 10 meters, a temperature range
encompassing the three bio-regions, cgpable of withstanding low-medium-high wave
exposure, and arocky substrate type. The prime distribution was produced with a
depth range of 2 to 3 meters and the same wave exposure, temperature, and substrate
parameters as the generd ditribution. The determining abiotic factors in creeting the
potential habitat distributions of Black Abaone were subgtrate type and depth in this
mode!.

Thiessen:

The digtribution of maximum potentid habitat for Black Abaone aong the coadt is
largely concentrated north of Point Conception. This digtribution is discontinuous
and would be consdered patchy at best. Within the CINMS, areas identified as
maximum potentid habitat are dso paichy in nature. The mgority of the maximum
potentid habitat distribution for the Black Abaloneis located dong the southwestern
and northern coasts of Santa Rosaldand. San Migud Idand aso exhibits areas of
maximum potentia habitat dong its entire coast. The other idands are only
gporadicaly lined with areas of maximum potential habitat dong their shores.

The prime potentia habitat distribution for the Black Abaloneis less gpparent in the
Santa Barbara Channd. Along the coadt, the few aress identified as prime potential
habitat are mostly located around the shores of Purisma Point. The areas identified
as prime potentid habitat distribution for the Black Abaone within the CINMS are
largdly located around the northwestern coast of Santa Rosaldand. San Migud,
Santa Cruz, and Anacapaidands contain few prime potentia habitat distributions
adong their coagts. No prime potentia habitat areas were identified aong the shores
of Santa Barbara Idand.

No test datafor Black Abaone was available.
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Figure depicting Black Abalone model output (Thiessen technique)

Kriging:

The highest probabilities for Black Abalone habitat were found around San Migud,
Santa Rosa, and Santa Barbara Idands. Severa locations with probabilities above .7
were identified on the west side of Santa Rosa ldand. Areas of prime habitat were
more limited due to the small depth range for prime habitat. Small areas were found

on the west sSide of Santa Rosa ldand.
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Figure depicting Black Abaone modd output probabilities (Kriging
technique)

Bocaccio Rockfish Output

Two potentia habitat distributions were produced for Bocaccio in the Santa Barbara
Channd. The maximum potentia habitat distribution of Bocaccio was produced with
the largest range of physical parameters. The preferred or prime potentia habitat was
amore refined distribution based on specific biotic and abiotic requirements. The
maximum potentia habitat distribution was produced with the following abiotic
parameters. a depth range of 50 to 300 meters, atemperature range encompassing the
three bio-regions, no wave exposure restrictions, and a substrate type of rock and
gravel. The prime distribution was produced with a depth range of 100 to 150 meters
and the same wave exposure, temperature, and substrate parameters as the generd
digribution. The biotic parameter inputted into the mode conssted only of Giant
Kelp. Since Bocaccio can tolerate the temperature regime that encompasses the
channel and has no wave exposure restrictions, depth, the presence of Giant Kelp, and
subgrate type will be the determining factorsin the distribution of Bocaccio potentid
habitat.

100



Thiessen:

Along the coadt, the few areas identified as maximum potential habitat for Bocaccio
are mainly scattered around the coasts of Point Conception and Point Arguello.
Within the CINMS, patchy areas of potentia habitat surround each idand.
Significant regions of potentia habitat are gpparent off the northeastern coasts of San
Migud and Santa Rosaidands, the entire coast of Santa Barbaraidand, and eastern
Anacgpaldand. Other noteworthy maximum potential habitat areas can be observed
in bands approximately 30 kilometers south of Santa Cruz idand and alargeregion
about 20 kilometers north of Santa Barbaraidand.

The areas of prime Bocaccio potentia habitat were less observable since the depth
parameter was restricted to 100 to 150 meters. Patchy areas of prime potentia habitat
are more gpparent within the CINM S boundaries. Discontinuous zones of potential
habitat surround Santa Barbaraldand. The largest region of prime potentia habitat
can be observed off the northeastern coast of San Miguel Idand. Outsde the CINMS,
aress of discontinuous zones of prime potential Bocaccio habitat can be observed
gpproximately 30 kilometers south of Santa Cruz Idand and 20 kilometers north of
Santa Barbara Idand.

No test datafor Bocaccio was available.

"qu_._\_\']
q
" Paint Sal
&
™ by
i I
ﬂ", - (\F'Ll'lill'l'la Foint
i {(_P P I Bocaccio Prime Potential Habitat Distribution
G2 s [ Becaccio Maximum Fotential Habitat Distribution

Faint Conceplion
Rt s

39; proara

a0 o 20 Kilpmealars
I

Figure depicting Bocaccio modd output (Thiessen technique)
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Kriging:

High probability zones for Bocaccio habitat were throughout the CINM S and beyond.
The highest probabilities were identified northwest of San Migue Idand, and around
SantaBarbaraldand. Two additiona large zones of potentid habitat were found
south of Santa Cruz Idand and between Anacapa and Santa Barbara Idands.
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Figure depicting Bocaccio mode output probabilities (Kriging technique)

Copper Rockfish Output

The potentid habitat distribution for Copper Rockfish in the Santa Barbara Channel
was produced with the following abiotic parameters. a depth range of 0 to 183
meters, a temperature range encompassing the three bio-regions, no wave exposure
regtrictions, and a subgtrate type of rocky and gravel. The only biotic parameter
inputted in the modd was the presence of Giant Kelp. Since Copper Rockfish can
tolerate the temperature regime that encompasses the channel and endure low to high
wave exposure, depth, the presence of Giant Kelp, and substrate type will be the
determining factors in the distribution of Copper Rockfish potentia habitet.
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Thiessen:

The potentid habitat distribution of Copper Rockfish soans the extent of the Santa
Barbara Channd in discontinuous zones. Along the coast, the mgority of the areas
identified as potentia habitat are concentrated approximately between Point
Conception and Point Sal. Theidands of CINM S are each encircled by areas of
potential Copper Rockfish habitat. In particular, sgnificant regions identified as
potentia habitat engulf the idands of San Migud, Santa Rosa, and Santa Barbara.
Theidands of Santa Cruz and Anacapa experience scattered areas of potential Copper
Rockfish habitat aong their coasts.

No test data for the Copper Rockfish was available.
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Figure depicting Copper Rockfish modd output (Thiessen technique)

Kriging:

Regions of potentia habitat for Copper Rockfish were found around each idand.
Highest probabilities were found northwest of San Migudl, Santa Rosa, and Santa
Barbaraldands. Additional patches of habitat were fond around Pt. Conception.
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Figure depicting Copper Rockfish modd output probabilities (Kriging
technique)

California Halibut Output

The potentia habitat distribution for Cdifornia Haibut in the Santa Barbara Channdl
was produced with the following abiotic parameters. a depth range of 0 to 183
meters, a temperature range encompassing the three bio-regions, no wave exposure
regtrictions, and a subgtrate type of mud and sand. Since the Cdifornia Halibut can
tolerate the temperature regime that encompasses the channd and has no wave
exposure redrictions, depth and substrate type will be the determining abiotic factors
in the digtribution of Cdlifornia Halibut potentid habitat.

Thiessen:

The potentid habitat distribution of the Cdifornia Halibut spans the extent of the
Santa Barbara Channel. Along the coast, a continuous zone of potential habitat can
be observed approximately between Point Dume and Point Sal. Thisis the most
sgnificant potential habitat regionin the channd. Within the CINMS, aress of
potentid Cdifornia Haibut habitat encircle each idand. In particular, Santa Rosa has
adgnificant zone of potentid habitat sretching gpproximately 30 kilometers
southeast of its coast. Another significant area of potential Cdlifornia Halibut habitat

104



can be observed approximately 50 kilometers southeast of Santa Rosa. In addition,
10 kilometers north of Santa Barbaraldand lies alarge band of potentia habitat.

No test data for the Cdifornia Halibut was available.
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Fgure depicting Cdifornia Hdibut modd output (Thiessen technique)

Kriging:

Dueto the wide range of suitable depth and subgtrate types, California Halibut habitat
can be found throughout the study area. High probabilities were found from Pt. Sdl to
Pt. Dume, and within most of the CINMS. A large area of high probability was aso

found south of the sanctuary boundaries.
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Figure depicting Cdlifornia Halibut modd output probabilities (Kriging
technique)

Cowcod Rockfish Output

Two potentia habitat distributions were produced for Cowcod in the Santa Barbara
Channd. The maximum potentid habitat distribution of Cowcod was produced with
the largest range of physical parameters. The preferred or prime potentia habitat was
amore refined distribution based on specific biotic and abiotic requirements. The
maximum potentia distribution was produced with the following abiotic parameters:
adepth range of 21 to 366 meters, a temperature range encompassing the three bio-
regions, no wave exposure restrictions, and a substrate type of rock and gravel. The
prime distribution was produced with a depth range of 180 to 235 meters and the
same wave exposure, temperature, and substrate parameters as the generd
digtribution. The biotic parameter inputted into the model conssted only of Giant
Kelp. Since the Cowcod can tolerate the temperature regime that encompasses the
channel and has no wave exposure restrictions, depth, the presence of Giant Kelp, and
subgtrate type will be the determining factorsin the distribution of Cowcod potentia
habitat.
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Thiessen:

Along the coadt, the maximum potential habitat distribution for the Cowcod is
concentrated between Point Conception in the south and Point Sdl in the north. In
particular, thereis alarge potentid habitat region identified between Point Arguello
and Purisma Point. Within the CINMS, patchy areas of potentia habitat surround
eachidand. Significant regions of potentia habitat are apparent off the northwestern
coasts of San Miguel and Santa Rosa idands and the entire coast of Santa Barbara
idand. Other noteworthy maximum potentia habitat areas can be observed
approximately 30 kilometers south of Santa Cruz Idand and 20 kilometers north of
Santa Barbara Idand.

The areas of prime Cowcod potentia habitat were less observable since the depth
parameter was restricted to 180 to 235 meters. Patchy areas of prime potentia habitat
are only vigble within the CINMS boundaries. Discontinuous zones of potential

habitat surround Santa Barbaraldand. Another band of prime potentia habitat can

be observed off the northeastern coast of San Migud Idand. The largest areas of
prime potentia Cowcod habitat can be observed approximately 30 kilometers south

of Santa Cruz Idand and 20 kilometers north of Santa Barbara Idand.
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Figure depicting Cowcod mode output (Thiessen technique)
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Kriging:

Regions of potentia habitat for Cowcod were found around each idand. Highest
probabilities were found northwest of San Miguel, Santa Rosa, and Santa Barbara
Idands. Additiona patches of Cowcod habitat were fond around Pt. Conception, and
north to Pt. SAl.
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Figure depicting Cowcod modd output probabilities (Kriging technique)

No test data for Cowcod was available.

Giant Sea Bass Output

The potentid habitat distribution for Giant Sea Bass in the Santa Barbara Channdl

was produced with the following abiotic parameters. a depth range of 5 to 46 meters,
atemperature range encompassing the three bio-regions, no wave exposure
restrictions, and a substrate type of rock, gravel, and sand. The biotic parameter
inputted into the modd conssted only of Giant Kelp. Since the Giant Sea Bass can
tolerate the temperature regime that encompasses the channel and has no wave
exposure regtrictions, depth, the presence of Giant Kelp, and substrate type will be the
determining factorsin the digtribution of Giant Sea Bass potentid habitat.
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Thiessen:

The potentid habitat distribution of the Giant Sea Bass spans the extent of the Santa
Barbara Channd. Along the coast, a semi-continuous zone of potentia habitat can be
observed gpproximately between Point Dume and Point Sal. Significant potentia
habitat regions within this zone are gpparent between Port Hueneme and Rincon Point
and north of Point Arguello. Theidands of CINMS are each encircled by areas of
potentia Giant Sea Bass habitat. In particular, Sgnificant regionsidentified as
potentid Giant Sea Bass habitat surround the idands of San Migue, Santa Rosa, and
Santa Barbara

No test data for the Giant Sea Bass was available.
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Figure depicting Giant Sea Bass mode output (Thiessen technique)

Kriging:

High probabilities for Giant Seabass habitat were identified al along the coast of the
sudy area, and around al of the idands. Thelargest areas of high probability were
found between Pt. Sal and Pt. Conception, as well as around San Migud, and Santa

Rosaldands. An additiona large area of habitat was found off the coast of Ventura.
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Figure depicting Giant Sea Bass modd output probahilities (Kriging
technique)

Quillback Rockfish Output

Two potentia habitat distributions were produced for the Quillback in the Santa
Barbara Channd. The maximum potentid habitat distribution of the Quillback was
produced with the largest range of physica parameters. The preferred or prime
potential habitat was a more refined distribution based on specific biotic and abiotic
requirements. The maximum potentia distribution was produced with the following
abiotic parameters. a depth range of 0 to 275 meters, a temperature range restricted to
the Oregonian bio-region, no wave exposure restrictions, and a substrate type of rock
and gravel. The prime distribution was produced with a depth range of 41 to 60
meters and the same wave exposure, temperature, and substrate parameters as the
generd digtribution. The biotic parameter inputted into the model conssted only of
Giant Kelp. Since the Quillback has no wave exposure restrictions, depth,
temperature, the presence of Giant Kelp, and substrate type will be the determining
factors in the digtribution of Quillback potentid habitat.
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Thiessen:

Along the coadt, the maximum potentid habitat distribution for the Quillback is
concentrated between Point Conception in the south and Point SA in the north. In
particular, thereis alarge potentia habitat region identified between Point Argudlo
and Purigma Point. Within the CINMS, sgnificant regions of potential habitat are
gpparent off the northeastern coasts of San Miguel and Santa Rosaidands. Other
noteworthy maximum potentia habitat areas can be observed approximately 30
kilometers south of Santa Cruz idand.

The areas of prime Quillback potential habitat were less observable since the depth
parameter was restricted to 41 to 60 meters. Patchy areas of prime potential habitat
are vigble within the CINM S boundaries. A discontinuous zone of prime potentid
habitat can be observed extending off the eastern coast of San Migud to the
northeastern shores of Santa Cruz Idand. The southwestern coast of Santa Rosa
Idand was dso identified as prime Quillback potentid habitat. Along the mainland
coad,, large prime potentid habitat regions were identified between Point Argudlo
and Purisma Point and north of Point SAl.
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Figure depicting Quillback Rockfish modd output (Thiessen technique)
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Kriging:
Potential Quillback habitat was found aong the coast from Pt. Sal to Pt. Conception,
and around dl of the Idands. The areas with the highest probability of finding prime

Quillback habitat were northwest of San Migud and Santa Rosa ldands.
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Figure depicting Quillback Rockfish modd output probabilities (Kriging
technique)

No test data for the Quillback was available.

Southern Sea Otter Output

Two potentia habitat distributions were produced for Southern Sea Otter in the Santa
Barbara Channel. The maximum potentid habitat distribution of Southern Sea Otter
was produced with the largest range of physical parameters. The preferred or prime
potential habitat was amore refined distribution based on specific biotic or abiotic
requirements. The maximum potentid distribution was produced with the following
abiotic parameters. a depth range of 0 to 37 meters, atemperature range
encompassing the three bio-regions, no wave exposure restrictions, and a substrate of
rock, sand, shells, mud, and gravel. The prime potentia habitat distribution was
produced with a depth range of O to 18 meters, alow to medium wave exposure, a
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temperature range encompassing the three bioregions, and arocky substrate. In
addition, the prime distribution adso included the biotic parameter input of Giant
Kelp.

Thiesen:

The maximum distribution of the Southern Sea Otter spans the coast of the Santa
Barbara Channd from Morro Bay to Point Dume. The significant regions of potentia
habitat along the coast are |ocated between Port Hueneme and Santa Barbara and
north of Point Argudllo. Within the CINMS, continuous areas of potential habitat
surround each idand. More noticeably, significant regions of maximum potentia
Southern Sea Otter habitat surround San Migud, Santa Rosa, and Santa Barbara
idands.

Aress identified as prime Southern Sea Otter potentia habitat border the coastline
from Point Argudlo to Surfer’s Point. These prime potentid habitat regions are
organized in smd| discontinuous clugters. Within the CINMS, the largest
concentration of prime Sea Otter potential habitat islocated aong the southern coasts
of San Miguel and Santa Rosaidands. Santa Cruz, Anacapa, and Santa Barbara
idands are encircled by small numerous clusters of prime potential habitat.

The areas of prime Southern Sea Otter potential habitat were less observable since the
depth parameter was restricted to 100 to 150 meters. Patchy areas of prime potentia
habitat are more apparent within the CINM S boundaries. Discontinuous zones of
potentia habitat surround Santa Barbaraldand. The largest region of prime potentid
habitat can be observed off the northeastern coast of San Migud Idand. Outside the
CINMS, aress of discontinuous zones of prime potential Southern Sea Otter habitat
can be observed gpproximately 30 kilometers south of Santa Cruz Idand and 20
kilometers north of Santa Barbara Idand.

No test data for Southern Sea Otter was available.
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Figure depicting Southern Sea Otter modd output (Thiessen technique)

Kriging:

Although Sea Otters can tolerate a wide range of habitats, the prime areas are
confined to limited areas. A thin band of potentid prime habitat can be found from
Pt. Conception to Ventura. Additional areas of habitat were identified around Santa
Rosa Idand, with additionad smdl patches around dl of the other idands.
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Figure depicting Sea Otter modd output probabilities (Kriging technique)

Squid Output

Two potential habitat distributions were produced for Squid in the Santa Barbara
Channd. The maximum potentid habitat distribution of Squid was produced with the
largest range of physical parameters. The potentia distribution of spawning grounds
was amore refined digtribution based on specific abiotic requirements. The
maximum potential habitat distribution was produced with the following abiotic
parameters. a depth range of 0 to 800 meters, a temperature range encompassing the
three bio-regions, low-to-medium wave exposure, and no subsirate requirements.
The potentid distribution of Squid spawning grounds was produced with a depth
range of 20 to 35 meters, low to medium wave exposure, and the substrate parameters
of mud and sand.

Thiessen:

The maximum potentid Squid habitat distribution covers the entire extent of the

Santa Barbara Channel from gpproximately Point Dumeto Point Sal. The only areas
not covered by the potential habitat distribution are those regions deeper than 800
meters and those areas identified as high wave exposure. The mgority of the CINMS
lies within the maximum potentid Squid habitat distribution.
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The potentid ditribution of Squid spawning grounds lines the coast of the Santa
Barbara Channd. Significant potentid spawning areas can be observed on the coast
between Port Hueneme and the city of Santa Barbara. Within the CINMS, numerous
patchy areas of potentid Squid spawning grounds are visble. In particular, the
northeastern and southeastern coasts of Santa Rosa Idand contain Sgnificant regions
of Squid spawning grounds. In addition, the western coast of Santa Cruz Idand was
a0 identified as potentia Squid spawning grounds.

No test data for Squid was available.
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Figure depicting Market Squid modd output (Thiessen technique)

Kriging:

Due to the wide range of suitable depth and substrate types, Squid habitat can be
found throughout the sudy area. The highest probabilities for Squid habitat lie within
the Santa Barbara Channel, with additiond areas south of the Idands, and north of
Santa Barbaraldand. Spawning areas are confined primarily to the coast of Santa
Rosa Idand, and between Santa Barbara and Ventura.
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Figure depicting Market Squid model output probabilities (Kriging technique)
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Appendix H: Kriging Variograms

The semi-variogram mode describing the spatid relationship between neighboring
locationsisacriticd dement of any spatid estimation. The model is designed to
match closdly the spatid relationship observed in the sample data. Thisreationship
isin turn used to estimate the vaues of unknown points

Semi-variograms were modeled from the available subsirate samplesin order to
provide input for the kriging dgorithm. Semi-variograms for each of the five
subdtrate types were generated in four directions. Each Semi-variogram wasin turn
examined, and the two most variable plots for each subdtrate type were modeled for
use in the kriging dgorithm. The plots below represent the semi-variogram modd's
for the two most variable plots of each substrate type. The gray lines represent the
actua data vaues, while the red line illustrates the modd function used in kriging.
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