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1.2 MUSSEL COWUNI TY STUDI ES
1.2.1 Introduction

The rocky intertidal region of the California coastline is
characteristically banded with conspicuous zones of organisns

(Ricketts et al., 1968). Mytilus californianus (Conrad), dom nates
one of these zones in popul ations which are so dense that they are
often referred to as “nussel beds”, The mussel beds dom nate wmiddle

intertidal areas although they have been recorded as high as +t.5 m
(+5.0 ft.) in the intertidal zone as well as in shallow subtida
areas (Ricketts et al., 1968). These limts are extremes, and the
actual intertidal height of a specific population wll depend on many
| ocal factors including angle of the substrate and degree of exposure
to wave action, Al though M. californianus is the npDSt conspicuous
occupant of this region, it is not the only inhabitant.

The nussels attach to the underlying substrate and other mnussels by
secreting strong byssus threads, This node of attachment enables
mussel s to stack up layer upon |ayer, often formng beds severa

centineters thick. Sedinment, detritus and other debris are trapped
wi thin the three-dinmensional structure of the nussel bed. Thi s
material conmes from a variety of sources including terrestria

run-of f and suspension in seawater. The mussel bed thus becones a
m croenvironnent providing habitat, food and shelter for a variety of
smal | invertebrates. Thi s conpl ex associ ation of organi sns is
referred to as the Mytilus californianus conmunity, and naned for
conveni ence after the mcroscopically dom nant organi sm

In the past, studies of nussel comunities have been linmted to
selected topics i.e., succession (Hewatt, 1937; Reish, 1964; Paine

1966, Cinmbert, 1975). These studies were probably limted by the
conpl ex nature of the community and by the absence (in the past) of
anal ytical techniques capable of handling the large quantity of data
generated by an investigation of this community, The conplexity of
this community was shown in a survey of a relatively snmall area in

central California (Kanter, 1978). A total area of |ess than one
square neter collected by coring yielded a faunal list of over 100
speci es. This is, to the author’s know edge, the richest faunal
concentration per unit area in the intertidal region. The extrene

faunal richness and abundance were highly correlated with three
di nensi onal characteristics of the nussel bed m croenvironment.
Specifically, the quantity of coarse fraction material and the
quantity, size and size distribution of sedinent were the most
important factors affecting community structure. The differences
bet ween geographically separate nmussel conmunities were predicted to
be greater than those recorded among communities that were separated
by less than 80 km (50 mles).

111-1 ,2-1



The high concentration of organisms indicates that the nussel bed is
an inportant habitat in the intertidal area.

Any nmjor disturbance that alters the physical or chemical nature of
this mcroenvironment is predicted to influence the associ ated
conmmuni ty. For exanple, oil carried ashore froman oil spili can
becone stranded on the mussel bed. This 0il may run between the
mussel s and cause the death of associated fauna by snothering or by
acute toxic effects, or both.

Investigations following major oil spills have concentrated on
surface or macroscopi ¢ species (N cholson and Cimberg, 1971, Foster
et al, 1971; North st al, 1964; Chan, 1973; Straughan et al., in
prep. ) . This limted view was probably restricted by funding and
tinme constraints. However, the fate of a major faunal conponent of
the intertidal region, the nussel comunity, has been neglected. Ths
Bureau of Land Managenent’s survey of the outer continental shelf
af fords an excellent and | ong overdue opportunity to docunent
background (baseline) data on mussel communities from amajor
geographic areas of southern California.

During the first year of this program (1975-1976) nussel communities
from six geographic areas were exam ned. These localities included
two mainland sites: Coal Q| Point and San Diego; and four island
sites: San Mguel Island, Santa Cruz Island, Santa Barbara Island
and San Nicolas Island. The faunal conponent of the nussel beds was
quantitatively analyzed using classificatory techniques (Qifford and
Stephenson, 1975).  These anal yses organized the large quantities of
data into biologically meaningful patterns of community structure and
di stribution, The nussel beds sanpled were divided into two distinct
groups, one group conposed of nmainland sanples and the other of
island samples. These two general areas were characterized by unique
species assenbl ages. The assenbl ages appear to correspond wth
“warnf and "cold" water provinces which were previously described for
intertidal species along the mainland coastline, north and south of
Poi nt Conception (Johnson and Snook, 1967; Light et al., 1970). No
overall changes in species conposition were noted during the seasonal
sanpl i ng. The nussel communities examined were very rich
enconpassi ng conservatively 346 species. The richest areas, in terns
of species diversity were Coal G| Point and Santa Cruz Island while
the | owest nunber of species were recorded fromthe San D ego nussel
beds. The results produced no evidence that oil from natural oil
seepage adversely affected resident nussel comunities of nearby
areas. A pilot study was initiated during the 1975-1976 program to
determne if relative intertidal height of the nussel bed, within a
site influenced community structure. The results of this study
suggest that both species conposition and abundance variations were
associated with differences in intertidal height. In addition,
structural features of all mussel beds including physical and
chem cal variates were neasured during this study. Mul tiple

111-1 .2-2



discriminant analysis (Geen, 1971, 1972; Smith, 1976) was used to
determ ne which features were most consistently associated wth
mussel community differences. Sedi nent and coarse fraction (shell
and rock debris) were found to be the nost inportant structural
features and provided nicrohabitats wthin the mussel bed for many
invertebrate species.

The Bureau of Land Managenent program (1976-1977) was expanded in the
second year to provide broader geographic coverage of the mnussel
communities within the southern California area. Mussel beds at
el even localities were sanpled. The localities included four
mai nl and ar eas: CGovernment Point, Goleta Point, Corona del “ar and
San Diego; plus seven island sites: San M guel Island, Santa Rosa
Island, Santa Cruz |sland, Santa Barbara Island, Santa Catalina
Island , San Nicolas Island, and San Clemente Island (Figure
III-1.2-1). The Goleta Point locality replaced the collection area
at Coal O Point sanpled during the 1975-1976 program  In addition,
to increased geographic coverage, enphasis was placed on intrasite
comunity variation, Specifically the effects of relative intertidal
hei ght extremes were exam ned. Three of the new geographic
| ocalities which were of special interest were sanpled during both
the summer and winter, in an effort to docunent any notabl e seasonal
differences in the community, Broad conparisons of other factors

affecting nussel community structure and diversity were also exan ned
during the second year program and incl ude:

1. Contrasts of mainland versus island nussel comunity biota.

2. Descriptions of north-south variations in nussel comunity
bi ot a,

3. Conparisons of mussel communities exposed to natural oil
seepage versus communities wthout this exposure.

1.2.2 Methods and Materials

This section describes techniques used to sanple the mussel
comunity, to conduct |aboratory analysis of both biotic and abiotic
conponents of the nussel bed and to anal yze the data.

1.2.2.1 Field Sanpling

The Mytilus californianus community was sanpled from el even rocky
intertidal sites along the southern California coast (Figure
111-1.2-1), The localities included four mainland sites: Government
Point, Goleta Point, Corona del Mar and San Diego; plus seven island
sites: San Mguel Island, Santa Rosa Island, Santa Cruz Island, Santa
Barbara Island, Santa Catalina Island, San Nicolas Island and San
Clemente Island (Figure 111-1,2-1, Figures 111-1 .2-2 through
111-1.2-12).

111-1 .2-3
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Wthin each geographic collection locality two separate sanpling
areas were established. The two sanpling areas represented the
accessible, intertidal height extremes that the nussel bed(s)
occupied. The sanples from the upper intertidal area were designated
4, while those fromthe |ower area were |abeled B.

All mussel bed localities were sanpled once during the Sumrer (Table
111-1.2-1). Three localities, Government Point, Goleta Point and
Santa Rosa Island were sanpled again during the Wnter (Table
111-1.2-1) to deternine if there was any significant seasonal
variation in conmunity species conposition or abundance.

Prior to collection, each area was photographed from above for future
reference using an instamatic canera. Ref erence phot ographs were
31s0 taken following ‘the collection, Anbi ent water and air
tenmperatures, as wsll as internal and surface mussel bed tenperatures
(Plate III-1.2-1)» were recorded using a Yellow Springs |nstrument
telethermometer.  Triplicate neasurements of the thickness of the
mussel bed were obtained by pushing a calibrated stainless steel rod
through the nmussel bed until it touched the underlﬂ%ng substrate.
These neasurements were averaged. An area of 1500 c in both the
upper intertidal (A) and the |ower intertidal (B)Zportions of mussel
bed, was sanpled by removing five cores of 300 cm .“ Each sanple was
collected with a stainless steel corer with a sharp cutting edge
(Figure III-1.,2-13,PlateIII-1.2-2). The core sample was pried from
the substrate by slidi ng a br oad "erow bar® between the bottom O the
mussel bed and the underlying rock substrate. The core sanple was
removed i ntact, where possible, to include organisns, sedinent,
debris and detritus (Plate 111-1.2-3). Remai ni ng sedi ment and
organisms were collected using a stainless steel spoon and then
conbined with the rest of the sanple.

The sanple was transported in a heavy-duty plastic bag fromthe field
to the base canp (boat or |aboratory) where it was preserved in a
plastic jar in 15% formalin,

Each sanpling area was narked for future reference with a | abel ed
metal disk secured to the substrate with a [etal stud or waterproof
epoxy glue. The intertidal height of each core sanple was determn ned
by reference to surveyed base points.

1.2.2.2 Laboratory Procedures

These procedures include processing of the biological and abiotic
components of the nussel community. Section 1 .2.2.2,1 describes the
identification and docunentation of biotic characteristics of the
nussel community biota. The abiotic section (1.2.2.2.2) describes
the measurenent and docunmentation of physical and chemcal attributes
of the nussel bed m croenvironnent.

111-1, 2- 16



Table 111-1,2-1.

Dates of sanple collections.

Locality

Sumrer

| W nt er

Gover nment Point

| 24 Septenber 1976 | 17 January 1977

| Goleta Point | 6 Qctober 1976 | 19 January 1977
| Corona del Mar | 28 August 1976 |
l San Diego l 13 August 1976 I
| San Mguel Island | 23 August 1976 |
l Santa Rosa Island ] 7 Cctober 1976 I 18 January 1977
! Santa Cruz Island ] 21 Cctober 1976 |
| Santa Barbara Island | 25 September 1976 |
Santa Catalina Island 7 August 1976
San Nicolas |sland 26 August 1976
San Clemente |sland 9 September 1976

111-1. 2-17




Plate 111-1.2-1. Process of recording nmussel bed tenperatures at
San Wicolas Island (1975-1976 program.
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Figure 111-1.2-13. Corer used for sanpling.

111-1. 2-19




Plate 111-1.2-2. Process of coring sanple in nussel bed
on Santa Barbara Island (1975-1976 progran).
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Plate 111-1.2-3. Reroval of intact core sanple from nussel
beds at San Diego (1975-1976 progran.
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1,2,2.2.1 Laboratory Processing of Biota

A sequential series of procedures was perfornmed in the | aboratory.
The sanple was first washed with fresh water for 24 hours under lcw

wat er pressure with the container opening covered by a fine nesh
sereen (1 mm) to prevent 10ss of any material. After washing, the
mussel s were separated from the rest of the sanple. Each indivi dua
nmussel was visually inspected, and all adhering animals, except
permanently attached barnacles and bryozoans, were renoved and

conbined with the rest of the unsorted sanple. Both the nussels and
the unsorted sample were preserved in 100% ethanol,

Algae attached to the mussel surfaces were renoved and perserved in
15% formalin. The sanples were hand sorted into mgjor payla, Al

debris. The specimens were identified and counted. The aussels and
the aninals attached to the exterior of the nussels were identified
and counted

Al'l invertebrates and algae were identified to the nmost specific
taxonomic | evel possible. This was the binomal genus-species |eve

in nost cases. However, there were sone organisns that could only be
identified to higher taxonomic | evels. Undescri bed speci nens which
di spl ayed cl early defined norphol ogi cal characteristics which
probably indicated that they were separate species (that are still

undescribed) , Wwere given norphotype designations by taxonoamiz
experts, such as the syllid polychaete | abel ed _Tvoosyllis fasciata
sp., A

211 identifications were performed by specialists in the appropriate
taxonomic groups, and should be considered taxonomically “up-to-date”
as of this time, Taxonom c synonyms for species which have changed
nonencl ature since the tinme of final data analysis are listed in
Table 111-1.2-2.

1 .2.2.2.2 Laboratory Processing of A4biotic Conponents

Sedinment, debris and detritus remained after the organi snms were
separated out of the sanple. These three conponents were separated
and analyzed in a series of sequential operations. The sand and
finer sedinment (< 2mm) were separated fromthe debris (> 2m) (e.g.,
rock and shell fragments and detritus) by washing through a 2mm
screen

The sand and finer sedinent was washed free of preservatives using
t he nmethods of Kolpack (personal conmmunication). This process
invol ved three washings with warmdistilled water with intermediate
centrifugation to prevent loss of silts and clays. The process was
repeated three times with cold distilled water. The sanple was oven
dried at 100 degrees centigrade and wei ghed. Enpl oying a S.E.P.O.R.
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Table 111-1.2-2. Taxonom ¢ synonyns for selected species.

Current Nanme

Synonym

Brachidontes adamsi anus
Homalopoma luridum

Iselica fenestrata

Jassa falcata

Kellia laperousii
Lecythorhynchus hilgendorfi
Lithophaga plumula kelseyi
Rutiderma rotunda

Thai S emarginata

Aeidimytilus adansi anus
Homalopoma carpenter
Iselica ovoi dea
Microjassa falcata
KRellia suborbicularis
Ammothea hilgendorfi
Lithophaga subula

Ruti derma californica
Nucella emarginata
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microsplitter, the sedinent was separated into two portions. One
portion was analyzed for sedinent size distribution characteristics
using an automatic settling tube (Cook, 1969; G bbs, 1974). The
second portion was sent to Dr. Ted Reed s Laboratory for organic
carbon analysis wusing the L.E.C.0. technique (Bandy and Kolpack,
1963; Kolpack and Bell, 1968).

The coarse fraction ( > 2nm nostly shell and rock debris) was
separated from the detritus by differential flotation. The detritus
was floated off under |ow water pressure. Constant swirling of the
m xture aided this process. After separation, both coarse fraction
and detritus were mcroscopically examned and their conposition
not ed, In the case of the detritus, larger algal remmants were
identified to the nost specific taxonomic | evel possible. Fol | owi ng
exam nation both coarse fraction and detritus were oven dried at 100
degrees centigrade for 24 hours and their dry weight recorded. In
addition, tar which had been sorted out of the debris was wei ghed and
recor ded

Residual volune is the inter-nussel space which can be filled by
associated fauna, sedinent and detritus. Resi dual vol ume was
cal cul ated for each sanple by subtracting the volunme occupied by the
nussel s fromthe total volume of the sanple. The volume of the
nmussel s was determned by recording water displacenent in a
calibrated cylinder. The total volume of the sanple was leulated
using the standard formula for the volune of a cylinder V= r"h (h =
thi ckness of mussel bed).

1,2,2.3 Data Analyses

Quantitative techniques of data analyses were applied in six ngjor
areas of this study:

1. Determnation of an optiml sanple size for the nussel beds
fromlocalities not sanpled during the 1975-1976 program

2. Calculation of nussel comunity species diversity, species
ri chness and species evenness for each area sanpl ed.

3. Physical characterization of nussel bed sedi nent based on
data from automatic settling tube analysis.

4, Conparison of intrasite variations in comunity structure
W th respect to sanples taken fromdifferent intertida
hei ght s.

5. Intersite conparison of Mytilus californianus conmunities
with respect to the entire southern California area under
i nvestigation
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6. Exam nation cf the relationship between physical-chemca
characteristics of the mussel bed habitat and comunity
di fferences.

1.2.2.3. | Sanple Size and Community Diversity

During the 1975-1976 program sanple size consideration was given to
the limited nunmber of mussel bed visited. In general, an area of
1500 cm (five cores of 300 cm’) was an optimal sanple for nost of
the nussel beds exam ned, This year’s program included several new
[J ussel bedsfrom a broader geographic range. It was again desirable
to consider the sanple sjze, Wwita the intent of ascertaining whether
1500 cm® wwas optimal for a nuch greater variety of structurally
di stinct mussel beds.

The optimal sanple size was graphically determned ‘by constructing a
species-area curve (Cain, 1938). The cunul ative nunber of species
was plotted against sanple size (nunber of cores) . The asynptote of
the curve deternmined by inspection. represented the optinmal sanple
si ze.

Species diversity was cal culated for each of the nussel beds sanpled
and for both the upper intertidal collection area A and the lower

intertidal collection area B, at all geographic *localities. Tile
calcul djions were based on a sanple size of 1500 cm (a total of five
300 cm cores). Two neasures of species diversity were enployed

The first was direct species counts of all norphologically distinct
speci es (Pianka, 1966; Cody, 1974). The species diversity index of
Shannon- W ener (Pieslou, 1966) was also cal culated from the follow ng
fornul a

s
H =-jz: Pi Log Pi |,
i=1

where H' = Species diversity
Pi = Proportion of the i th species in the sanple,

s = The total nunber of species
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The Shannon-Wener index is a conposite neasure which incorporates
both species richness and evenness of abundance into one tera. It is
informative to consider each conponent separately in order to
understand the variability of the index figures. The G eason index
(d eason, 1922) of richness was cal culated fromthe formula:

R = S/Log N,

where R = Species richness,

Total nunber of species,

w
1

N Total nunber of individuals,

Species evenness (pPielou, 1966), the second conponent of the
diversity index, was calculated fromthe fornul a:

J' = H’/[—I'K1

’

ax
where J' = Evenness of species representation in the sanple,
H = Species diversity (Shannon-W ener)
g = Maxi mum speci es diversity (Shannon-Wiener) With all

spsetes equal |y represent ed.

In addition to individual calculations of species diversity, richness
and evenness, average values for a locality were cal cul ated by
conbi ning the upper and |lower intertidal sanples. These values were
used for intersite conparisons.

1.2.2.3.2 Physical Characterization of Sedinent

Sedi nent size and size distribution characteristics were conputed
from data generated by automatic settling tube anal yses (Section
1.2.2.252). The paraneters neasured were based on sedinment size in

terms of phi (0) intervals (Krumbein, 1936). The cal cul ati ons,
perforned by conputer, included phi nean size, phi kurtosis and phi

skewness (Inman, 1952).
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1.2.2.3.3.  Conparison of Missel Conmunities

Wthin and between locality conparisons of mussel communities from
eleven geographic localities were conpleted wusing classificatory
techniques (Cifford and Stephenson, 19'75), Classification analysis
was perforned on the biotic data generated by the individual core
sanpl es collected within each geographic sanpling area in order to
assess the effect of intertidal height on community conposition.

In addition, an overall conparison of mussel comunities from all
geographic localities sanpled was perforned, In the overal
classification analysis, the biotic data for each geographic locality
was represented by an “A” upper intertidal collection, and a “B’
| ower intertidal collection. These col | ections corresponded to
biotic data with species abundance represented by an averazs value.
The average val ue was cal cul ated from the individual abundances of
the species in each core sanple.

Three different classifications were performed in this study:

1. The sanples (entities) from within a locality were
classified by their species conposition (attributes).

2. The collections (entities) from all geographic localities
were classified by their species conposition (attributes).

3. The species (entities) from all geographic localities were
classified in terns of their distribution anong the
geographic localities (attributes).

The first two classifications are referred to as normal anal yses,
while the third classification is the inverse analysis (Cifford and
St ephenson, 1975).

The classification procedure involves two basic steps:

1. The calculation of simlarities between entities based on
attributes

2. The sorting and clustering into hierarchical dendrograns of
the classified entities.

The "Bray-Curtis® index (Cifford and Stephenson, 1975) was used to
compute an inter-entity distance. A “flexible” sorting strategy was
empl oyed in the construction of the hierarchical dendrograms (Lance
and Wlliams, 1967; difford and Stephenson, 1975). The within site
classification analysis was performed on all identified species that
occurred in at |east one sanple. The overall between site
classification was perforned on all identified species that occurred
in a mnimmof six collections. The species counts were transforned
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prior to normal analysis by square root and species nean, and by
square root and species maximum prior to inverse analysis (Smth
1976) . The classification results were displayed in two different
ways. The within site comunity classification results are displayed
in the form of nornmal dendrograms. The overall between site
classification results are displayed in the formof a two-way
coi ncidence table (Cifford and Stephenson, 1975). The two-way
coi nci dence table conmbines the normal and inverse analysis results
into a summary form The synmbolic two-way table (Smith, 1976) was
used because it graphically condenses the results, yet preserves the
necessary information for data interpretation

1 .2.2.3.4 Relationship Between Community Conposition and
Habitat Features of the Missel Bed

Mussel community conposition is directly related to structura
features of the nussel bed habitat. Structural features of all the
nmussel beds sanpl ed were neasured, These neasurenents refl ect
differences in the availability, variety, and physical-chem ca
nature of mcrohabitats, food sources and shelter within the mussel
bed. They incl ude:

1. Missel bed thickness (Section 1.2.2.1).

2*  Quantity of sediments (Section 1,2.2.2.2).

3. Quantity of detritus (Section 1.2.2.2,2).

4. Residual volume (Section 1.2.2.2.2).

5. Quantity of course fraction material (Section 1.2.2.212).

6. Pore base of coarse fraction material (Section 1.2.2.2.2),

7. Mean sediment size (Section 1.2.2.3.2.).

8. Skewness of the sedinment (Section 1.2.2.3.2).

9. Kurtosis of the sediment (Section 1.2.2.3.2).

10.  Organic carbon content of the sedinent (Section ‘1.2,2,2.2).

11.  Quantity of tar in the mussel bed (Section 1.2.2.2.2).
These variables were considered in nultiple diseriminant anal ysis
(Hope, 1969; Cooley and Lohnes, 1971; Smith, 1976) performed on the

site groups defined by the overall (between site) classification

analysis.  Discriminant anal ysis produces a l|inear combination of the
measured vari abl es which maxi m zes the differences between predefine
groups. The linear conbinations describe a discrimnant axis which
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I's conposed of elenents fromthe original neasured abiotic vari abl es.
The proportion of each element’s contribution to the discriminant
axis is indicated by the absolute value of the coefficients of
separate determnation (Hope, 1969; Smith, 1976) and were expressed
as percent of the axis total. The higher the coefficient of separate
determ nation the nore influence the variable had on the formation of
the discrimnant axis. Prior to the discriminant anal ysis, variables
with distributions that departed appreciably from normality were
transformed (Cassie and M chael, 1968; Smith, 1976). These variables
and their respective transformations are listed in Table 111-1.2-3,
In addition, correlation analysis was performed on all pairs of
variables (Table 111-1.2-4). H ghly correlated variables (R = .90)
provi ded redundant information, and one of the pair was elimnated
fromthe discrimnant analysis,

1,2.3 Results and Discussion
1.2.3,1 Physiography of Collection Localities

The collection localities were typical_Mytilus californianus habitats
characterized by stable rocky substrates and |ocations exposed to
direct wave action and surge. Details of the location and physica
characteristics of each collection site are provided in Table
111-1.2-5, and summarized bel ow.

The Governnent Point collection area (Figure 111-1,2-2) is the nost
northern mainland |ocality. The nussel bed covered an area
approximately 3m x 4m, on a slightly elevated portion of the rock
substrate, adjacent to Dr. Littler's southern transect. There was an
intertidal height difference between the upper nussel bed collection
(A) and the |lower nussel bed collection (B) of O 15m (O 5 ft.). The
substrate was a large rock platform inundated with several tida

pool s and surge channel s, Tar deposits several centimeters thick
were observed on neighboring rocks, but no such tar remains were
observed on the nussels in either the upper or |ower sanpling areas.

Encrusting al gae, including_Ralfsia sp. and bl ue greens, were
observed on rock substrate that was not covered by mnussels in the
i mediate vicinity of the mussel bed.

The Goleta Point collection areas (Figure 111-1.2-3) occupied two
separate rock outcrops. Dr. Littler does not have transects
established at this locality. The upper intertidal sanples (A) were
collected from a mussel bed which covered the horizontal top of a
| arge rock outcrop, approximately %.8m x 12.2m (16 ft, x 40 ft.).

The rock was conposed of claystone and provided a very snooth
substrate. Large quantities of algae, including_Ulva sp. and
Gigartina sp. were observed on the surfaces of the nussels. Bare
areas of substrate were noted within the nussel bed, apparently
devoi d of any animals or plants. The lower intertidal sanpling area
(B) was |ocated on a neighboring rock outcrop. This rock substrate
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Table 111-1.2-3. Data Transformations Prior to Overal
Discriminant Anal ysis.

Abiotic Characteristic Transformation
1. Mussel bed thickness none
2. Intertidal height none
3. Dry weight of the sedinment log +1
4. Dry weight of the coarse
fraction sedinent |l og +1
Dry weight of the detritus log +1
Angl e of the substrate log -1-1
Total residual volune none
. Mean sedi ment size none
Sedi ment phi skewness none
. Sedi nent phi kurtosis none
Sedi nent organi c carbon content log +1
Dry weight of the tar log i-I
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Table 111-1.2-5. S

te Physiography of Mai

nl and Coll ection Localities

CGover nment  Poi nt Goleta Point Corona del Mar San Diego
1. Designation of Dr.
Littler's closest
transect basepoint Sout h None None Nort h
2. Maximum strai ght
line distance from
Dr. Littler's
cl osest transect
basepoi nt 34m None None 16.61m.
(111.5ft.) (54.5ft.)
3. Average intertidal
hei ght 0.97m 1.97m 3.81m 1. lém
(3.18f¢c.) (6.47) (12.96ft.) (3.8ft.)
4. Mussel bed description Pat chy Cont i nuous Cont i nuous Cont i nuous
Sandy beach nearby
(within 30m radius) Present Pr esent Pr esent Absent
6. Type of substrate Ro ck Ro ck Rock Rock
pl atform pl atform pl atform pl atform
7. Conposition of
substrate Sandst one Claystone Hardrock Sandst one
8. Texture of Substratel Rel atively Very Rugose & Rel atively
snoot h snoot h pitted snoot h
9. Angle of substrate 7° Hori zont al 8° 10°
related to horizontal
10. Difference between
upper & | ower 0.15mm 0.61m 0.37m 0.40m
col l ections (0.5fc.) (2ft.) (1.2ft.) (1.6fc.)

1 = The term pit (pitted) refers to depressions

() )

() )

in the substrate with rhe greatest dimension S5cm.
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Table 111-1.2-5. Site Physiography of Minland Collection Localities (Continued).

Gover nment Point Goleta Poi nt Corona del Mar San Diego

11. Deep pockets &

crevices Present Present Present Present
12. Average mussel bed

t hi ckness (cm 6.0 4.0 7.28 5. 66
13. Amount of encrusting

al gae present High Hi gh Medi um Hi gh
14. Docunented exposure

to natural oil

seepage Pr esent Pr esent Absent Absent
2 = The terms crevice and pocket refer to longitudinal depressions in the substrace with the greatest

di mensi on 10-20 cm
3 = Encrusting algae on nussels and surrounding “bare rock” 1-33% | ow, 34-66% medium, 67-100% high.

Ol originating from offshore seeps has been docunented but not at the specific site of mussel
bed collections.

o[



Table 111-1.2-5. Site physiography of island collection localities (Continued).

wE=-2 1 =-III

San M guel Santa Rosa Santa Cruz Santa Santa San Nicolas Sari
I sl and Island I's }and Barbara Catalina Islupd Clemente
Island Island i sl and
1. Designation of br. Littler's
closest transect basepoint North North Nor th Middle None Noruh None
2. Maxi mum straight 1line
distance from Or. Litrler's
cl osest transect basepoint 26.82m 3. 40m 25.76111 23, Olm None 18.29m None
(88.0f¢.) (11.17f¢) (84.5fc.) (75.5f¢.) (60. Ot,)
3. Average intertidal height 1. 6m 0. 86m 2.18m 11 1.27m 12111 1.16m
(5.28ft.) (2. B2ft.) (7.16f¢t.) (3.85ft.) (4.17f¢c.) (3.941t.) _ {3.8ifc.)
4. Mussel bed description Cent inuous Pat chy Pat chy Patchy Continuous | Contluuous Patchy
Sandy beach nearby
(wi ghin 30m radius) Present Present Present Abseut __ Absent Present Absent
6. Type of substrate Rock Rock Rock Rock Rock Rock Rock
platform platform platform platform platform platform platform
7. Cowposl tlon of substrate Hardrock Sandst one Hardrock Hardrock congl ome - Hardrock Hardrock
merate hard
rock small
pebbl e in-
C lusions
. 1 )
8. Texture of substrate Highly Rugose Few Highly Rugose Rel atively Rugose
pitted pits pitted smoo th
9, Angle of substrate rel ated _
to horizontal Horizontal 13° 5° Horlzontal 5¢ llorizontal Hoxizontal
]10. Difference between upper
& | ower 0.91111 0.46m 0.56m 0.06m | (). Sm 0.02m 0.74m
(3.0fc.) (1.5fc.) (1.83fc.) 0.20fc. ) | (i.66fc.) (0. 1ft.) (2.41ft.)

1" The term pit (pitted) re fers to depressions in Lhe substrale with the greatestdimensfonScm
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Table 111-1.2-5.

Site physigraphy of island collection

localities (Continued).

San Miguel Santa Rosa Santa Cruz Santa Sanla Siin Nfcolas San
Island island 1sland Barbara Catallna I'sl and C1leneante
Is land lsland lsland
11. Deep pockets & crevi ces2 Present Abseut Present Present Preseut Present Absent
12. Average mussel bed
thlickness (cw) 6. 97 4.92 ?2.25 4.62 7.28 8.96 9.80
13, Amount of encrus ting
algae present Low Medium Med L um Med ium High Low Medium
14. BDocumented exposure to
natural oll seepage Present Abseut Abseunt Absent Absent Absent Present

2 =
3 o=

4=01loriginating from of fshore seeps has been documented but

The te rms crevice and

pocket refer to longi tudinal depress Lons

Encrusting algae on the mussels and surrounding "bare' rock.

not at

the specific she of nussel

1-137 low, 34-677% wmedium, 67-100% high.

collect tons,

in the substrate with the grea tes t dlmension 10-20 cm.




was also conposed of c¢laystone, but slightly smaller, 3.7m x 7.6m(9
ft. x25 ft.), than the outcrop from which the upper sanple was
col | ect ed. The nussel bed covered nmost of the rock substrate, with
some bare substrate in evidence. The surfaces of the nussels in the
| ower bed were covered with algae including Ulva sp. and_Enteromorpha
. The difference in intertidal height between the upper and | ower
intertidal sanples was 0.6Mmm (2 ft.)

The Corona del Mar nussel bed (Figure 111-1.2-4) covers the top and
sides of a small rock outcrop, approximately 1.8m x 2,7m (6 ft. x 9
ft.). The substrate inclines toward the south approximately 8
degrees off the horizontal. The substrate rock was extrenely rugose
and pitted, The nussels which formed the beds were very dense and
wel | packed. The upper and | ower sanples werecollected from the
continuous nussel bed and were separated by an intertidal hneight
difference of 0.37m (1.2 ft.). This sanmpling area was established
several hundred meters away fromDr. Littler’s survey area because
there were no suitable nussel beds adjacent to Dr. Littler’s area.

The San Diego locality is the nost southern nmainland site (Figure
111-1. 2-5) . The nussel bed is located on a broad sandstone outcrop
adjacent to Dr. Littler’s “northern” transect. The mussel s bl anket
the horizontal areas and extend onto vertical surfaces where the
substrate drops off abruptly into a surge channel. A thin film of
encrusting al gae covers |arge expanses of the substrate in the spray
zone above the nussel bed. The upper and |lower intertidal samples
were taken fromthe sane bed, and were separated by a vertica

di stance of 0.40m(1.6 ft.),

San M guel Island is the nost northern island locality (Figure
111-1. 2-6) . The collection site is |ocated near Cuyler Harbor
adj acent to Dr, Littler's “southern” transect, The nussel bed is
extensive and covers a steplike portion of the rock outcrop, The
substrate is arock conglomerate which contains nunerous inclusions
and pits. The macroscopi c al gae attached to the surface of the
nussel s included_Gigartina sp., _Ulva sp., and Porphyra sp.  The upper
and | ower collections were renoved fromdifferent “steps” of the
pl atform and were separated by an intertidal height difference of
0.91m (3.0 ft.).

The Santa Rosa Island locality (Figure 111-1.2-7) is located in a
smal | shal |l ow cove near Johnson’s Lee. The collection area is a
mussel bed which forms a conspi cuous band on the sandstone platform

The area is adjacent to Dr. Littler's “northern’! transect. The upper
and |l ower intertidal sanples were collected fromthe sane bed and
were separated by an intertidal height difference of o.4ém (1.5 ft.).

Al gae attached to the surface of the nussel bed included Gigartina
sp., Ulva sp., and Enteromorpha Sp.
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The Santa Cruz Island nussel beds occupy a gently sl oping rock

outcrop at WIlows Anchorage (Figure Ill1-1,2-8) . The collection area
Is adjacent to Dr. Littler’s “southern” transect. The substrate is
characterized by a highly irregular surface, including small pits and
crevices The nussel s occur in large patches which extend down to
the brown algal zone. Algae attached to the surface of the nussels
included Gigartina sp. and Ulva Sp. , Wwhile adjadent areas of

substrate supported encrusting bl ue-green algae. The upper and | ower

sanpl es were collected from patches of nussels separated by a
vertical distance of 0.56m (1.83 ft.).

The mussel beds sanpled on Santa Barbara |sland occupy a relatively
narrow rock shelf. The collection site is adjacent to Dr. Littler’s
"middle" transect (Figure 111-1.2-9). The substrate is a
congl omerate rock with a highly irregular and pitted surface, simlar
to that found on San Mguel Island. The nussel bed was very sparse
and patchy, Isolated clunps were sanpled at both the upper and | ower
intertidal areas. Small anmounts of algae including Gigartina sp. and
bl ue-greens were attached to the nmussel surface. The upper and | ower
sanpl es were separated by an intertidal height difference of 0.06m
(0.20ft.).

The mussel beds sanpled at Santa Catalina Island were |ocated on Bird
Rock in Big Fishermants Cove (Figure 111-1,2-10). There were no
survey areas of Dr. Littler’s study on Bird Rock. The extensive
nussel bed covered a large area formng a conspi cuous band on the
gently sloping substrate, The substrate was conposed of sandstone
rock with small pebble inclusions. The nussels had no macroscopic
al gae attached to their surfaces. The upper and |ower sanples were
separated by an intertidal height difference of 0.5m(1.66 ft.),

Tine collection site on San Nicolas Island is near Dutch Harbor and
landward of Dr, Littler's "northern" transect (Figure 111-1.2-11).
The extensive nussel beds cover large areas of the sandstone reef.
The reef is a broad platformdotted by occasional tidal pools and
narrow surge channels. The nussel bed is conposed al nost exclusively
of large, approximately 6to 10cm, | oosely packed nussels. The
nmussel beds contained many | arge abal one, _Haliotis cracherodii and
occasional large ow linpets Lottia gigantea. Macroscopi ¢ al gae
attached to the surface of the nussels included Endocladia sp. and

Porphyra Sp. The upper and lower sanples were separated by an
intertidal height difference of 0.02m (0.1 ft.).

The nussel bed sanples from San Clemente Island were collected from
two separate beds at Eel Point (Figure 111-1,2-12). Dr. Littler has
no established transects at this locality. The substrate was the
same at both collection areas. It was basaltic in nature, very hard

and rugose. There was no attached_nacroscgglc al gae on the surfaces
of the nussels in the upper collection. wever, _ Gigartinasp.was

111-1. 2-37



recorded fromthe surfaces of the nmussels in the | ower collection
The two collections were separated by an intertidal height difference
of 0.7m (2.41 ft.).

1.2.3.2 Sanpling the Missel Community

The structural qualities of the nussel bed vary from one geographic
locality to another, and the associated commnity varies accordingly.
In order to docunent the resident species in a specific area it is
neCﬁsiFry to determne an optimal sanple size for each nussel bed
sanpl ed.

During the 1975-1976 Bureau of Land Managenent ,(BLM program 2 sample
size of 1500 cnv (ffve core sanples of 300 cm) was determned to be
optimal for sanpling the average mussel bed. The determ nation was
based on data from relatively few geographic areas. This years's
program (1976-1977) included nmany nore geographic areas which
contained a much greater variety of structurally distinct nusse
beds. It is therefore desirable to ascertain whether the previously
determ ned optinal sanple size is also adequate for sanpling the
mussel beds at the new |ocalities.

The question is imediately raised:  What constitutes an optinma
sanpl e size? The perfect sanple size would be |arge enough to
incorporate at |east one respresentative of every species occurring

in a specific area. In nost cases this ideal is not practica
because many very rare species could only be collected if the entire
area were harvested, An optimal sanple size includes the animls

whi ch characterize an area by their frequency, density or coverage
and incorporates all except very rare species.

The sanpl e size considerations were based on species area curves
constructed for each collection (Appendix, Figures 111-1.2-33 through
111-1.2-41). The asynptote of the curve, determ ned by inspection
represented the optinal sanple size. The species area curves for
CGover nment Poi nt sunmer and winter upper (A) collections, Corona de
Mar A col lection, Santa Catalina Island A collection and San Clemente
I'sland B, collection all displayed an asynptote with a sanple size of
1500 cm or less (Appendix |, Figures 111-1.2-33, 111-1.2-34,
[11-1,2-37, 111-1,2-40 and 111-1.2-41). The collections fromthese

areas are representative of the nussel beds sanpled. The collection
size was largeenoughtoincludeboth the nore conmon as well as nmany

rarer occupants of these nussel beds.

Many of the species area curves did not display a well defined

asynptote, The species area curves Wwhich |acked the asynptote
general |y displayed a simlar shape. The curve(s) all exhibited a
sharp initial rise followed by a tapering or decreased rise. The

species area curves representing the Governnent Point sumrer and
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winter B collections, Goleta Point summer and winter A and B
collections and Santa Rosa Island summer and winter A and B
coll ections (Appendix, Figures 111-1,62-33 through 111-1.2-41) exhibit
this pattern. This sharp initial rise in the curve suggests that a
majority of the resident species were included in the initial core
sanpl es. The tapering in the rise of the curve indicated that
species were still being added (although at a declining rate) as the
sanmpl e size increased. The shape of these curves suggests that a
sanpl e size of 1500 cm  was |ess than optinal. However, it did
include all of the nore common and abundant species as well as sone
of the rarer forms. The collections are somewhat less than ideal for
provi di ng baseline data because some of the |ess abundant species and
patchily distributed animls were probably m ssed. However, these
collections as well as those discussed above exceed the size for
intersite conparisons which are discussed later (Section 1,2.4,5).

The species area curves for the Corona del Mar B collections and the
Santa Catalina B collection (Appendi x, Figures 111-1.2-37 and
111-1,2-40) did not display any asynptotes. The curves instead
exhi bitegd a sonmewhat continuous steep rise to a .

1500 cm (total surface area for five 300 cm Cores)samaﬁ§8ﬂé§“?g
suggest that these areas were under sampled. The irregular shape of
the Corona del Mar curve may indicate that a very unique fifth sanple
was responsible for the sharp rise at the end of this curve,
However, the Santa Catalina B collection probably only included a
percentage of the nore comon species fromthis area. A | arger
sanpl e should probably be collected to provide baseline data on the
rarer species fromthese areas.

For the purpose of this study overall the 1500 om sanpl e size was
adequate for sampling the mussel beds from nost localities. Thi s
size is particularly well suited for intersite conparisons of nusse
beds from different geographic areas, because in these conparisons
the rarer species are not included in the anal yses.
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1 ,2.3.3 Mussel Bed Conmmunity Conposition

The nussel beds surveyed during this study supported an extrenely
rich assenblage of fauna and flora. The total number of invertebrate
species was 481 representing 1 1 phyla (Appendix |, Table I11-1 .2-12) .
Thi s aumper shoul d be considered a conservative estinate of the total
number Of species present in the nussel community because those
entities identified only to higher taxonomic |evels probably include
more than one species. Thi s nunber of species represents a
significant increase over the 346 species recorded during the
1975-1976 program The increase is primarily a result of the
expanded sanpling program over last year, including nore geographic
localities and upper and |ower intertidal collections. The nunber of
species recorded from a. single collection ranged froma low of Y45 at
CGover nnent Point (summer A Table 111-1.2-8) to 2 high of 131 for
collection A from San Clemente Island (Table 111-1.2-8).

Three payla, the Annelida, Mollusca, and Arthropods, conbined to
contribute over 68% of the invertebrate species. These organi sns
occupy a wide range of habitats within the nussel bed and exploit a
variety of food resources. However, the detailed natural history of
nost species found in the nussel bed remains unknown and their
specific food and habitat requirements can only be inferred from
rel ated species or norphol ogical characteristics.

Al gae attached to the surfaces of the nussels in the collections were
identified and these species are listed in Appendix | Table
111-1. 2-13. The total nunber of species recorded from all the
localities was 63. The nunber of algal species recorded from a
single collection ranged froma lowof Oto a high of 16 from San
Di ego collection B Table 111-1.2-6. The nost comon attached al gae
generally included U va sp., Gelidium SP., _Polvsiphonia sp. and
Ceramium Sp. These groups were represented in several of the nussel
beds whi ch contained al gae.

In addition to identification of attached al gae, nunerous species of
detrital al gae, found trapped within the nussel beds, were also

i dentified. These species are listed in Appendix |, Table
111-1. 2- 14, The total nunbers of attached and detrital Species iIn
each collection are listed in Table 111-1.2-6. In general, the

nunber of detrital species exceeded the nunber of attached species,
since several species from neighboring areas were brought in by wave
and tidal action.

No attached al gae were separated fromthe detrital al gae during the
1975-1976 program primarily because the techniques were not
devel oped. Future nodifications of techniques should include a way
to quantify the abundances of the various species.
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Table 111-1.2-6. Total nunber of attached and detrital al gae species found
in upper (A) and lower (B) intertidal collection from each
locality.
Locality Col | ection Nunmber attached al gae Nunber detrital algae
CGover nment  Point ( Summrer) A 1 16
B 2 20
Governnent Point (Wnter) A 0 0
B 0 0
Goleta Point (Summer) A 15 17
B 9 15
Goleta Point (Wnter) A 0 0
B 0 0
Corona del Mar A 7 8
B 4 9
San Diego A 6 18
B L6 20
San M guel Island A 7 22
B 5 19
Santa Rosa Island (Sunmer) A 1 10
B 5 18
Santa Rosa Island (Wnter) A 0 0
B [ _ 0
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Table 111-1.2-6.

Tot al

nunber of attached and detrital algae species found in

upper (A) and | ower (B)
locality (Continued).

intertidal collections from each

Locality Collection Number attached algae Number detrital algae
Santa Cruz Island A 0 9
B 15 9
Santa Barbara Island A 5 8
B 3 6
Santa Catalina Island A 7 5
B 0 6
San Nicolas Island A’ 2 23
B 11 15
San Clemente Island A 12 19
B 1 6
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1.2.3.4 Mussel Community Diversity, Richness and Evenness

Sanders (1968) distinguished between various neasures of conmunity
diversity. Hi s distinctions are useful and wiil help clarify the
fol l owing discussion of nussel conmunity diversity. Those diversity
measures which calculate the percentage conposition by nunbers of the
various species are referred to as dom nance diversity indices, e.g. ,
Shannon- Wener index H'. Dom nance diversity indices are based on
information theory and have as their basic premse: The nore the
constituent species are represented by equal numbers of individuals,
the nore diverse the fauna. Diversity nmeasured by counting the
nunber of species is referred to as species diversity and has as its
basic premse: The greater the number of species, the more diverse
the fauna. Dom nance diversity indizes (H ) are actually conposite
measures incorporating both species richness (R) and evenness (J')
into a single nmeasure. It is difficult to interpret dom nance
diversity alone because the two subcomponents, J° and R nay
contribute differently to the diversity value. This may result in
areas with equal values of H' for entirely different species
conposi tions

Community diversity (both total nunber of species and the
Shannon-Wener index H), richness (R) , and evenness (J'), were
calculated for both upper (A) and lower (B) intertidal collections
fromall localities (Table 111-1.2-7). The values for each of these
measures represent aﬁ% estimate based on five core sanples (tota
surface area = 1500 cnT).

In addition, the upper and lower intertidal values were averaged and
represent an estimate of the species diversity, richness and evenness
for the entire nussel bed froma specific locality (Table 111-1.2-7).
The localities are ranked by the total nunber of species in Table
111-1. 2-7.

The patterns of species diversity and dom nance diversity within and
between localities did not agree in this study. The inconsistencies
reflect the inherent, wundesirable characteristics of nunerical
diversity indices. The within site conparison of diversity for A
(upper) and B (lower) intertidal collections from San Nicolas |sl and
illustrates such a contradiction which would result in an incorrect
interpretation of the data. The species diversities of the A and B
collections at San Nicolas Island are 100 and 79 respectively,
indicating that the A collection has considerably nore species than
the B collection. The dom nance diversity values for the A and B
collections are H = 1.756 and H = 2.921 respectively. The B
collection is nore diverse using the dom nance diversity index as a
result of the high evenness conponent. Anot her exanple of this
distortion occurs when one considers the overall rank by diversity of
the mussel beds sanpled from the various localities. The Santa
Catalina mussel beds-rank approximately in the middle of the range
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Table 111-1.2-7. Diversity, evenness and richness of nussel community collections.
Ranked by total number of species.
Rank Locality Nunber of Species Shannon- Wener H Eveness J' Ri chness R

1. Santa Cruz Island A 113 2.579 0.620 8. 706
B 126 2. 656 0.621 9, 449

X 120 2.618 0.621 9,078

2.  Corona del Mar A 107 2.732 0. 682 7.548
B 131 2.763 0. 640 9. 303

X 119 2.748 0. 661 8. 426

3.  San Clemente | sl and A 1 1 2.567 0. 630 7.706
B 91 2.164 0. 559 6. 531

X 111 2. 366 0.595 7.119

4, Santa Rosa I|sland (Summer) A 79 1. 546 0. 404 5.547
B 124 2.796 0. 686 7.817

Santa Rosa Island (Wnter) A 86 2.515 0.633 7.532

B 112 2.584 0.661 6. 889

X 101 2.361 0.596 6. 947

5. San Nicolas |sland A 100 1.756 0.476 5.716
B 79 2.921 0. 787 6. 989

X 90 2.339 0. 631 6, 353

6. San Mguel |Island A 93 2.141 0.612 4.758
B 85 1.855 0.503 5,435

X 89 1.998 0.558 5.097

7. Santa Catalina Island A 68 1. 060 0.318 3.231.
B 100 2. 049 0.500 7.861

X 84 1.555 0. 409 5.546

8. Santa Barbara Island A 73 2.476 0.630 7.077
B 69 2,454 0. 641 5.867
0.636 6472

)
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Table 111-1.2-7. Diversity, evenness and richness of nmussel community collections.
Ranked by the total nunber of species (Continued).
Rank Locality [ Number of Species | Shannon-Wicner H Fveness J' |, Richness R
1
9. San Diego A 65 2.188 0.631 4,273
B 73 2. 409 0. 689 4,338
X 69 2.299 0. 660 4. 306
10. Governnent Point (Summer) A 45 1.789 0. 537 4,143
B 100 1.937 0.479 7.062
Government Point (Wnter) A 57 1.083 0. 636 2.763
B 59 2.558 0. 689 6.157
X 66 1.842 0. 586 5.032
11.  Goleta Point (Summer) A 62 1. 650 0.476 4,011
B 53 1. 441 0. 4(39 3.780
Goleta Point (Wnter) A 48 1.619 0.491 3.732
B 63 1.401 0.420 3.105
X 57 1.528 0. 450 3.658




with regard to species diversity (84 species) (Tabie 111-1.2-7). The
dom nance diversity for this locality is H' = 1.555, which would
indicate that the diversity of this area is extrenely |ow. Only
Goleta Point ranks lower, wth a dom nance diversity of H' =1 .528,

and the least nunber of species (57) (Table II11-1.2-7).

Results such as those discussed above suggest that the measurenent of
dom nance diversity does not clearly reflect the diversity of an
ar ea. A nore informative, realistic and econom cal measure of the
variety of species is species diversity (species counts). The
presence of an aninal regardless of its numerical abundance inplies
its occupation of an ecological niche. This nmeans that a multi-
di mensi onal resource state exists by definition. The principle that
no two species can occupy the same niche (Volterra, 1926) suggests
that a nore diverse fauna exploits a greater diversity of resources.

The inclusion of evenness in the diversity index places all species,

regardl ess of trophic relationships, on an equal basis. For exanple

1000 smal | bival ves such as _Lasaea_subviridis whi ch may be found in
one sanmple from a nussel bed are given equal weight as 1000 Myvtilus
californianus which may form an entire nussel bed. The result is
that the index tends to be characterized by nunerically dom nant
or gani sns. This inplies ecological inmportance based solely on
nunerical abundance. Anot her problem with dom nance diversity
indices is that species which are colonial, encrusting or
individually indistinct, e.g., Porifera (sponges), Ectoprocta (noss
animals) cannot be incorporated into the calcul ation because of
enuneration problems.

Based on the preceding considerations the renaining discussion of
community diversity will be restricted to species diversity patterns.

Missel comunity diversity variations within a locality reflected
differences in the species conposition between upper (A) and |ower

(B) intertidal collections. There was not a consistent diversity
rel ati onship between A and B collections, that is the A collection
was not always the nost diverse of the pair. In 9 of the 14
localities the B collection was the nost diverse. In sone instances
the species diversity differences between upper and |ower sanples was
very slight. For exanple, the Governnent Point winter collection
di splayed only a 2 species difference (Table 111-1.2-7). These
results suggest that intertidal height differences alone do not
control intrasite community diversity. The differences that we see

may sinply reflect nmussel bed heterogeneity which is affected by
intertidal height as well as other factors.

The average species diversity for A and B collections from a given
locality was used as the comunity diversity for intersite
conparisons (Table Il11- 1.2-7 ). There were no all-enconpassi ng
patterns of species diversity between localities. Island nussel beds
did not consistently contain nmore species than mainland nmussel beds.
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In addition, no north-south trend in species diversity was noted.
Santa Cruz Island mussel beds were the nost diverse (120 species).
The Santa Cruz Island collections from 1975-1976 were also the
richest during that study. The nussel beds from Corona del Mar were
also very diverse with 119 species. The |owest species diversity was
recorded at Golista .point (57 species) . This area was selected to
replace tne Coal 011 Point collection locality (1975-1976 progran).
The diversity of Coal G| Point nmussel beds contrasted with those
found at Goleta Point because Coal G| Point was anmong the richest
mussel beds sanpled during the 1975-1976 program

1.2.3.5 Community Differences Associated Wth Upper and Lower
Intertidal Collections

The effect of intertidal height differences on intrasite community
conposition was investigated at all localities. Cl assification
anal ysis was enpl oyed involving the cal culation of inter-sanple
simlarity and the construction of hierarchical dendrograms. Each
dendrogram figure contains a relative scale of simlarity. The scale
runs fromO to 200 with decreasing simlarity asnunmbers yet nigher,
The simlarity between elenents is obtained by relating the
hori zontal dendrogram |ines connecting entities to the simlarity
scale on the figure.

The following discussion summarizes the data presented in the
dendrograms (Figures 111-1.2-14 through 111-1.2-27).

The classification results for sanples collected from Gover nment
Point during the sumer and winter are displayed in Figures
111-1.2-14 and 111-1.2-15. The summer A and B sanples were clearly

different. The primary dendrogram split (Figure 111-1.2-14)
separates the upper and |ower sanples at the 90 ievel of simlarity.
The winter sanples were |less distinct. The dendrogram (Figure

111-1.2-15) does not display the same clean division between the
upper and | ower sanples as the sunmmer sanples. Samples 1, 3,4 and
5A cluster together. Sanple 2A clusters with samples 1, 2, 3, and
. Sanple 4B is very unique and does not cluster with any other A
or B sanples.

The classification results for the sanples collected from Goleta
Point during the summer and winter are displayed in Figures
111-1.2-16 and 111-1.2-17. The dendrograns for both sumrer and
wi nter collections exhibit well defined dendrogram splits separating
A and B sanples at the 72 and 92 levels of simlarity,

The classification results for the sanples collected at Corona del
Mar are displayed in Figure III-1.2-18. The dendrogram cont ai ns
three distinct clusters. G oup one contains sampies 2A, 3A, 5A and
| B. Goup two contains sanples 2B, 3B, 1A and 4A Goup three
contains sanples 43 and 58. The mixture of A and B sanples in the
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Figure 111-1.2-14. Dendrogram fromintertidal height conparison
of Governnent Point sumer sanpl es.
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Figure 111-1.2-15. Dendrogram fromintertidal height conparison
of Covernnent Point w nter sanples.
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Figure 111-1.2-16. Dendrogram fromintertidal height conparison

of Goleta Point sunmer sanples.
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Figure III-1.2-17. Dendrogram fromintertidal height conparison

of Goleta Point winter Sanpi es.

111-1. 2-49




SCALE OF SIMILARITY
- Deocreasing Similarity

200 180 160 140 120 100 80 60 40 20 0

§SAMPLE
NUMBER

CORONADEL MAR

AUGUST 28, 1976

Figure 111-1.2-18. Dendrogram fromintertidal height conparison
of Corona del Mar sanple.
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Figure 111-1.2-19. Dendrogram fromintertidal height conparison
of San Diego sanples.
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Figure 111-1.2-20. Dendrogram from intertidal height conparison
of San M guel Island sanples.
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Figure IIT1-1.2-21. Dendrogram fromintertidal height conparison
of Santa Rosa Island sunmer sanpl es.

111-1. 2-51




SCALE OF SIMILARITY
-¢————— Decreasing Similarity —
200 180 160 140 120 100 80 60 40 20 0

T
i aA
5A

e E—
3 A SAMPLE

B
B
8
B

[ARV B

SANTA ROSA ISLAND
JANUARY 18, 1977

Figure ITI-1.2-22. Dendrogram fromintertidal height conparison
of Santa Rosa Island w nter sanples.
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Figure 111-1.2-23. Dendrogram fromintertidal height conparison
of Santa Cruz Island sanpl es.
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Figure 111-1.2-24.

Dendrogram fromintertidal

hei ght conparison

of Santa Barbara Island sanples.
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Figure 111-1.2-25.

Dendrogram fromintertidal

hei ght conparison

of Santa Catalina Island sanples.
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Figure 111-1.2-26.
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of San Nicolas Island sanples.
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Figure 111-1.2-27.
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dendrogram indicates that they are sinmilar and intertidal height
di fferences do not appear to have any significant effect on the
biotic conposition of these nmussel beds.

The classification results for the sanples collected at San Diego are
di splayed in Figure 111-1.2-109. The dendrogram contains tnrse
distinct groups. Goup one includes samples 2, 3, 4 and 5A G ou
two contains sanples 1, 2, 3, and 4B as well as sanple 1A Sampls S
forms the third group by itself. The m xture of sanple 1A in grou
two and the unique position of sanple 5B suggest that intertidal
hei ght by itself is not controlling the conposition of these sanples.

The classification results for the sanples collected at San Miguel
Island are displayed in Figure 111-1.2-20. The primary dendrogran
split separates the upper fromthe | ower sanples at the 32 level of
simlarity.

The classification results for sanples collected from Santa Rosa
Island during the summer and wi nter are displayed in Figures
111-1.2-21 and 111-1.2-22. Bot h sumrer and w nter dendrograns
contained primary dendrogram splits, separating A and B sanples at
the 96and 84 levels of simlarity,

The classification results for sanples collected from Santa Cruz
Island are displayed in Figure 111-1,2-23. The primary dendrogranm

split separates the upper and |ower samples at the 64 levelo
simlarity.

The classification results for sanples collected from Santa Barbara
Island are displayed in Figure I11-1,2-24. There are no zzjor
dendrogram splits which clearly separate the A from B samplss. Tais
indicates that the sanples fromthe upper and |ower intertidal areas
are not distinctly different.

The classification results for sanples collected from Santa Catalina
Island are displayed in Figure 111-1.2-25. The primary dendrogran
split separates A and B sanples at the 38 level of simlarity,

The classification results for sanples collected from San Nicolas
Island are displayed in Figure 111-1.2-26. The primary dendrogram
split separates the upper and lower sanples at the 88 |level of
simlarity.

The classification results for sanples collected from San Clemente
Island are displayed in Figure 111-1.2-27. The dendrogram contains
three distinct cluster groups. Goup one contains samples 2A, 3A 1B
and 23. G oup two contains sanples 3, 4 and 5B. G oup three
contains sanples 1, 4 and 5A. The absence of a primary split clearly
separating the A and B sanples suggests that intertidal height

differences do not significantly affect the nussel community
conposition at this locality.
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In summary, several of the nussel beds exhibited community
differences associated with intertidal height variations including
those collected at Governnment Point (summer), Goleta Point (summer
and winter) , San Mguel Island, Santa Rosa |sland (summer and
winter), San Mguel Island, Santa Rosa Island (summerand w nter),

Santa Cruz Island, Santa Catalina Island and San Nicolas |sland
(Figures 111-1.2-24, 111-1.2-16, 111-1,2-17, 111-1.2-20 through
111-1. 2- 26). The dendrograms all contained primary divisions which
clearly separated wupper and |ower collections, This separation
indicates that the upper sanples were different fromthe | ower
sampl es and both groups exhibited close internal consistency. The
dissimlarity between collections resulted from variations in species
conmposition as well as abundance. The degree of dissimlarity was
not proportional to the physical height difference between the
col I ecti ons. That is, collections separated by greater intertida

hei ght differences were not necessarily nore dissimlar. Thi s
relationship was also true for species diversity differences between
A and B collections (Table 111-1.2-8).

Community analysis of collections from Government Point (w nter),
Corona del Mar, San Diego, Santa Barbara Island and San Clemente
Island (Figures 111-1.2-15, 111-1.2-18, 111-1.2-19, 111-1.2-24, and
111-1.2-27) do not display dendrogram divisions which clearly
separated upper and |ower sanples. These results suggest that there
Is less dissimlarity between upper and |lower intertidal sanples and
that intertidal height is not the only factor which may be associated
with sanple differences.

The fact that several collections displayed community variations
associated with intertidal height differences does not necessarily
mean that “intertidal height" itself is the controlling factor; that
I's, an animals’ physiological response to this factor is controlling
the species distribution.

The tenperature data presented in Figure 111-1.2-28 suggest that the
speci es occupying the internal matrix of the musssl bed are insul ated
agai nst extreme thermal stress. The internal tenperatures at |ow
tide are close to anbient water tenperatures and generally less than
mussel bed surface or anbient air tenperature. Oher factors related
to intertidal height differences such as the length of time out of
the water, exposure to salinity changes from fresh water input or any
of the habitat structural features may be nmore directly responsible
for the commnity differences which were reveal ed. In an attenpt to
determne which factors were the nost inportant, individua
discriminant anal yses were conducted. The results of these anal yses
proved unsatisfactory and are not presented here. The main probl em
was associated with the small nunber of sanples that were taken. The
analyses results were distorted because the nunber of attributes
measured on the sanples exceeded the nunber of sanples. Norris
(1971) generally discusses this problem in relation to multiple
discriminant anal ysis.
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Table 111-1.2-8. The difference between upper and |ower inter-
tidal height and species diversity differences.

Nunber of Differences In
Locality Col | ection Speci es Intertidal Height (m
Government Point  ( Sunmmer) g lgg 0.35
Government Point (Wnter) Q 2; 0.14
Goleta Point (Summer) A % 1.21
Goleta Point (Wnter) ‘g‘ gg 0. 6i
Corona del Mar 'g‘ igz 0. 36
San Diego é‘ ?g 0.40
San Mguel Island é‘ gg’ 0.91
Santa Rosa Island (Sumer) é‘ 1;2 0.47
Santa Rosa Island (Wnter) 'g‘ 1f26 0.15
santa Cruz |sland s e 0.56
Santa Barbara Island é‘ Z;S 0.05
Santa Catalina Island é‘ 183 0.32
san Nicolas | sl and A o 0.02
san Clemente |sland 2 o 0.74

{
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The conclusions that can be drawn about the effect of intertida

hei ght on intrasite comunity conposition nmust be limted as a result
of the preceding discussion. W can say that large intrasite
comunity differences do exist as illustrated by sanples taken from
upper and lower intertidal portions of the nussel bed. The specific
fazctors which are responsible for the conmunity variations remain to
be defined. The fact that greater intrasite community heterogeneity
exists than was previously thought, suggests that sanpling procedures
should be nmodified to study this trend. The only way te sort out the
effect of height would be to do simultaneous horizontal and vertica

col I ections. A shift fromthe present concentrated sanpling of
cores, to a systematic random approach is recommended. Further, an
intensive sanpling program at a selected locality (collection of 30 +
random sanpl es) conbined with abiotic nmeasurenents would provi de the
necessary data to determine which specific factors control intrasite
community conposition

1.2.3.6 Mussel Community Simlarity Analysis Between Localities

Inter-conmunity simlarity analyses were performed usi ng
classificatory techniques. The anal yses produced normal (site) and
i nverse (species) dendrograns which were then arranged in a two-way
coi nci dence table. The normal dendrogram contains clusters of
localities based on simlarity of faunal conposition. The inverse
dendrogram contains clusters of species with simlar distribution
patterns anong the localities. The two-way coincidence table
conbines the normal and inverse analyses into a form which summarizes
the results. The cells of the two-way table characterize the site
groups wWith respect to faunal conposition and abundance and contain
synbol s representing relative abundances based on the species maxinum
abundance. The synbol s allow reduction of the physical size of the
table, and preserve the information necessary for interpretation of
the group separations

The site groups which result from the normal analysis are |abel ed
Wi th arabic numerals for easy reference in subsequent discussions of

the two-way table. Speci es groups Wwhich result fromthe inverse
anal ysi s contain many speci es. Each species group is labeled with
capital arabic letters for easy reference. In order to interpret the

species conposition of a specific group, it is necessary to refer
directly to the two-way table (Figure 111-1.2-29). The phylum of a
particul ar species can be found in Appendix |, Table 111-1.2-12.

The analysis revealed four major patterns which corresponded to
characteristic species assenbl ages occupying the nussel beds from the
various geographic areas (Figure 111-1.2-29). These incl uded: (1)
Clusters of localities which display a north-south pattern with
respect to the simlarity of their respective mussel comunities, (2
The unique dissimlarity of the mussel community found at Goleta
Point , (3) Clusters of species whose highest abundances
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characterize selected localities, (4) Species groups ubiquitous to
all mussel beds exam ned.

The overall classification, which includes all upper and lower
intertidal sanples as well as summer and winter collections shows two
primary divisions and one secondary split in the nornal dendrogram,
thus resulting in four clusters of sites.

One primary dendrogram di vi Sion separates site group 1 fromsite
groups 2 and 3 (Figure 111-112-29). Site group 1is conposed of
southern mainland localities including Corona del Mar and San Di ego
as well as the southern islands of Santa Barbara, Santa Catalina and
San Clemente. Site group 2 included the northern channel islands,
San Mguel, Santa Rosa, Santa Cruz and al so San Nicolas Island. The
most northern mainland locality, Government Point was also part of
this cluster but was secondarily split off to formsite group 3.
Site group 4 is composed of animals collected at Goleta Point. This
pattern suggests that two distinct faunal provinces are represented
in the nussel communities sanmpled this year. During the 1975-1976
programthis same pattern was visible, but because of the limted
geographi c coverage |ess conplete conmunity information was avail able.

The inverse analysis yielded 7 species groups |abeled A through G
Species group A is a ubiquitous assenblage of organisns found in

practically athe mussel beds sanpl ed. The overal | abundances of
the species in this group were slightly higher in sanples fromsite
groups 1 and 2. This group included several species of |inpets
Collisella digitalis, g¢dnus C. limatula and C. pelts, the
nenerteans _Emplectonema graclle, Paranenertes peregrina and the crab

Pachvgrapsus crassipes. Additional ubiquitous species were scattered
anong the other species groups including species group F and included
t he barnacl es_Pollicipes polymerus, Chthamalus dalli, C. fissus, the
polychaetes Naineris dendritica, Lumbrineris zonata and ot hers.
General ly the ubiquitous species are less restricted in their
distribution than many other nussel comunity inhabitants. They
woul d be anticipated occupants in any nussel beds within the southern
California area

Species in species group B were primarily confined to site groups |

and 2. However, selected species e.(., Eupomatus gracilis and
Petrolisthes carbilloi were found in all site groups. Repr esent a-

tives from species group C were found in all site groups. However
site groups 3and 4 contained fewer species fromgroup C than site
groups 1 and 2. Site group 2 is characterized by high relative
abundance of species from species group D.  These same species occur
in | ower abundances in site groups 1, 3and 4.

Species group E is represented in site groups 1 and 2. Most of the

species in species group E occur in high abundances in the |ower
sanpl es from Government Point (site group 3). The species from
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species group E are rare anong sanples in site group 4, and occcur in
very | ow abundances, Species in species group F characterize site
group 4 in high relative abundances. These sane species are
represented in site groups 1, 2 and 3 in rmuch lower relative
abundances. The species in species group G characterize the mussel
beds represented in site group 1. These species are rare in site

group 2 collections and alnost totally absent fromsite groups 3and
4,

In general there was greater intersite variability than intrasite
variability. This observation is illustrated by the clustering of
upper and lower collections together for a particular locality. One
not abl e exception to this observation was the clustering of’ Llower
collections from Santa Rosa Island with the Santa Cruz Island
collections . The Santa Rosa upper collections clustered with the San
Miguel | sl and and San Nicolas Island collections.

As di scussed above, the localities sanmpled divided along a
north-south trend with site group representing the southern
localities and site groups 2 and 3incorporating northern collection
areas. The mussel bed community from Goleta Point, Site Goup 4,

stood out as wunique in the classification analysis (Figure
111-1. 2-29). There were three primary reasons for this distinction.

Overal |l the nussel comunity fromthis locality was the |east diverse
among those sanpl ed. In addition the species which were present
occurred in relatively |ow abundances. Finally several species from
species group F (Figure 111-1.2-29) displayed their highest

abundances in nussel beds fromthis locality.

Point Conception, California, has |ong been regarded as the dividing
l'ine between northern (colder water) and southern (warmer wat er)
provinces of species (Johnson, and Snook, 1967; Light et al., 1970).
A very generalized diagram of water circulation patterns occurring in
the southern California area is presented in Figure 111-1.2-30. This
figure depicts primarily surface water circulation based on
oceanogr aphi ¢ observations using several techniques including current
neters, weighted and unweighed drift cards and other hydrographic

dat a. The di agram does not depict subsurface current, |ocalized
gyres or seasonal anonmlies which are known to exist. However, the
patterns illustrated suggest that planktonic |larval recruits may be

carried to some localities in site group 1 from southern warm water
source areas and to mussel beds in site groups 2 and 3from northern
cold water source areas (with some overlap between all areas). It
shoul d be noted that there are no clear cut divisions, or exclusions
of species. Many of the species span the entire range of localities
visited but display their highest abundance in specific areas, One
exanple is the species in species group E which occur nore frequently
and in higher abundance in site groups 2 and 3 (Figure 111-1.2-29).
These species include the predatory gastropod Nucella emarginata, the
sea spi der _Pycnogonum Stearnsi, the scale worm Halosvdna johnsoni and

111-1. 2-63




)

t9-2 1-I11

()

‘)

. 121° 1za’ JETYS e S i, v’
6 x | t [ a5']
' CALIFORNIA
CURRENT
] ' i + ] + ]
O-COAL OL PO NT
scare my MiLES
4/'\ 0
* + t 1 i t 1 1
SANTA BARB/A? cﬁjl
34 SAN MIGUEL |<‘b\ \ Lps ANG}TEES i + v a4’
SANTA cnuz \:
\ \ i ' t | +
PACIFIC  OCE: \\\\ SANIA BARBARA 1. q \
SANTA CAMLINAT\D\)\A ! ! '
/‘\‘
SAN NICOLAS 1.
34 ' + 33"
SAN CLEMENTE 1.
" SAN DIEGO
*
.‘\ + t /f/_-
> DAVIDSON| __=ie™
CURRENT |
+ [l
2y 120° us 18 T
Figure I11-1. 2-30. Generalized ocean circulation pattern in southern California study area.




others . The same pattern exists for species from species groups 3
and C where selected animals from these groups display tneir highest
abundance in either northern or southern localities (site groups 2
and 3 or 1 Figure 111-1.2-29). The follow ng exanples will serve to
illustrate this. The small bival ve G ans _subguadrata, the gastropod
Homalopoma baculum and the slipper shell linpet Crepipatella
lingulata, all occur in both northern and southern nussel beds but
exhi bit hi gher abundances in the southern nussel beds (site group 1).

The opposite trend is illustrated by the follow ng species which
exhibit their highest abundance in the northern nussel beds (site
groups 2 and 3), and include the periwinkle snail Littorina
scutulata, the syllid polychaete Typeosyllis hyalina, and the tube
dwel I'i ng polychaete Chone minuta.

The classification results are apparently inconsistent with the
generalized circulation pattern presented in Figure [11-1 .2-30. One
woul d predict, based on the illustrated current patterns, that the
mussel comunities on Santa Barbara Island, Santa Catalina Island and
San Clemente |sland would resenble the mussel communities found on
the northern channel islands and Government Point nore than mainl and
nussel beds found at Corona del Mar and 3San Di ego. In fact the
opposite pattern emerged (Figure 111-1 .2-29) . However, Figure
III-1.2-30 represents, at best, a generalization of the surface
current regime of the study area and, as discussed above, does not
depict local gyres, or seasonal anomolies. Gven the nature of the
bottom topography, the interplay of water nasses, and the climatol ogy
of the area, it is likely that the net current pattern is nore
conplex than that illustrated in Figure 111-1.2-30.

The net circulation pattern illustrated in Figure 111-1.2-31 is
suggested, based on the generalized surface currents, and the
bi ol ogi cal data which was included in the classification analysis
(Figure 111-1.2-29), The major difference in this circulation
pattern is a large warm water gyre which swi ngs around Santa
Catalina, Santa Barbara, and San Clemente |sl ands. Such a net
current pattern would better explain observed sinilarities between
southern mainland and island nussel comunities, and the differences
between these and the nore northern sites, and San Nicolas |sland.

1.2.3.7 Seasonal Differences in the Missel Comunity
During the 1975-1976 program sem -annual and quarterly sanpling of

the nussel comunity was enployed to determine if seasonal
differences existed in the presence or abundance of species. No

overal| seasonal patterns were discovered, |In general, the
conposi tion and abundance of nussel bed inhabitants remained constant
t hroughout the year. Intersite differences in communities obscured

any intrasite variations.

This year three localities were visited during the sumer and winter.
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These sites included Governnment Point, Goleta Point and Santa Rosa
I sl and. When considered in the overall classification analysis
(Figure 111-1.2-29) intersite differences masked any intrasite
di fferences which may have resulted from seasonal influences.
I ndi vi dual exam nation of the species conposition and diversity
suggest that no =major differences existed between summer and winter
collections .  The one exception may be the difference between summer
and winter B collections from Government Point which contained 100
and 59 species respectively (Table 111-1.2-7). This difference may
i ndicate a seasonal effect, However, many of the nussel conmunities
exhibited large diversity differences which reflected heterogeneity
within the nussel bed. This is an alternative which nay also explain
the observed "seasonal" difference. It is not possible at this time
to distinguish between the influence of one orboth of these factors
on the conmunity conposition.

1.2.3.8 Discriminant Analysis of Missel Bed Abiotic Characteristics

The mussel community differences described in the section 1.2.3.6 are

controlled by two general categories of variables. The first is
between habitat variables, which as described above, are primrily
associated with hydrographic conditions. These include current and

wat er masses operating in the Southern California bight which
transport planktonic larval recruits to distant settlenment areas.
Hydrographic features generally regulate which faunal provinces are
represented in the community by their place of origin.

Wthin habitat features are nore localized and operate within each
specific geographic area. These features include the abiotic
characteristics measured within the nussel bed, reflecting physical
and chemical differences (as well as biological interactions not
measured in this study). These local factors affect the internal
nussel bed environnent. The associ ated fauna depend on this
environment for food, habitat and shelter.

Miul tipl e discriminant anal ysis was enployed to identify the nost
inportant abiotic factors associated wth nussel conmunity
differences. Thirteen nussel bed abiotic features were neasured
during this study (Section 1.2.2.3.4) and were included in the
di scrimnant analysis. Sone of these variables provide conbinations
of resources for selected nmussel community species. For exanpl e,
sedi nent provides both habitat and food for some deposit feeding
polychaetes. The discriminant anal ysis produced |inear conbinations
of variables which best separated predefine groups fromthe
classification analysis.

The relative inportance of a variable in the construction of a
disceriminant axis i s indicated by the magnitude of its respective
coefficient of separate determnation. The coefficients of separate
determ nation are tabulated (Table H-1.2-9) and the coefficients of
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Table 111-1.2-9.  Coefficients of separate determimation for the
overall discrimnant analysis. (The magnitude
of those elenents underlined indicates their
relative inportance in the formation of the
discriminant aces).

AXi s

Abiotic Characteristic il 2
1. Mussel bed thickness 7.2 3.9
2. Intertidal height 0.1 0.0
3. Dry weight of the sedinent 0.3 6.7
4. Dry weight of the coarse

fraction sedi ment* 29.6 37.6
5. Dry weight of the detritus 1.6 10.3
6. Angle of the substrate 7.0 0.4
7. Total residual volune 0.9 6.0
8. Mean sedi nent size 10.6 1.0
9. Phi skewness of the sedi ment 3.5 17.2
10. Phi kurtosis of the sedinent 5.4 1.0
11. Organic carbon in the sediment 3.1 5.7
12. Tar weight 30.6 10.1

*Pore base of coarse fraction sediment was highly correlated (r=.89)
with the weight of coarse fraction. Therefore, only the weight of
coarse fraction sedinent was considered in this analysis.
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the nost inportant variables are indicated on the discriminant axes
(Figure 111-1.2-32). The group neans for each variable considered,
are listed in (Table 111-1.2-10). The vector diagram on Figure
[11-1.2-32 indicates the direction of increase for the inportant
vari abl es. In addition, the direction of increased species diversity
is indicated on this figure. The inportant variables are interpreted
in relation to the overall comunity structure and diversity
differences . Interpretation of inportant variables in relation to
sel ected species requires individual consideration of the species and
its natural history. This was not attenpted in this study.

Two diseriminant axes were required to separate the four site groups
fromthe overall classification (Figure 111-1.2-29). The nost
inportant variables on the first axis are: the quantity of tar (T),
quantity of coarse fraction material (CF and correl ated pore base
PB), and the nean sedinent size (MSS) (Tables 111-1 .2-9 and
111-1, 2-10), The nmost inportant variables on the second axis are:
quantity of coarse fraction naterial (CF with its correlated pore
base PB), skewness of the sedinment distribution (?s), quantity of
detritus (D) and the quantity of tar (T), The vector diagram
i ndi cates that species diversity increases with the quantity of
coarse fraction naterial with its associated pore base, increased
mean sediment size and a shift to positive skewness of the sedinent

di stribution. Diversity decreases wWith increases quantities of tar
and detrital material.

The nost inportant variabl es associated with nussel conmmunity
differences were primarily habitat related (Figure 111-1.2-31).
These included quantitative differences in the nunber of
m crohabitats provided by coarse fraction material and its associated
pore base. Coarse fraction naterial constituents included shell
fragments and small pebbles (Table 111-1.2-11). These materials
provi ded surfaces for attachment of sessile species including the
polychaetes Phragmatopoma californica, Chone minuta, the barnacles
Balanus glandula, Chthamalus fissus, the coelenterate Anthopleurs
elegantissima, and many others too nunerous to mention here. Coar se
fraction material also provides grazing surfaces for several species
including the linpets, Collisella pelta and Collisella scabra and
ot hers, Pore base of the coarse fraction naterial provides "homes",
shelter and spatial separation for many notile species within its
hol es and crevi ces.

Qualitative differences in the character of trapped sedinent wthin
the nussel bed was also associated with comunity differences. These
characteristics included the nean size of the sediment and the
skewness of the sedinent distribution. These features directly
affect the nature of the sedinent mcrohabitat within the nussel bed
and thus the species which inhabit this environment, Many of the
polychaetes and molluses, two of the dominant groups in this study,
are dependent on the sediment nicroenvironnent. They sel ectively
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Figure 111-1.2-32.

Key to site synbols:

Overal | discriminent analysis. The inportance

of each abiotic variable on an axis is indicated
by the magnitude of its coefficient of separate
determnation in parentheses. Arrows in the vector
diagram illustrate the direction of increase

of each variables nean score.

to abiotic variable
brackets):

Key abbreviations

(in

A - Covona del Mar A O - Santa Rosa lIsland (Summer) A CF - Coarse fractionmateria j,

B - Corona del Mar B P - Santa Rosa Ilsland (Winter) 8 D - Detritus

C - San Diego A Q - san Miguel Island A H - Species diversity (species counts)

D - San Diego B R-San M guel sland B MSS - Mean sediment size

E - Santa Barbara |sland A S - San Nicolas Island A PB - Pore hase of coarse fraction material

F - Santa Barbara Island B T - San Nicolas Tsland B PS-Phi skewvmess of sedi nent
G - Santa Catalina I[sland 4 U - Government Point(Winter) A T - Tar quantity
H - Santa Catalina Island B V - Government Point (W nter) B
I - San Clemente Island A W - Government Point (Summer) A
J - San Clemente Island B X - Government Point (Summer) R
K - Santa Cruz Island A Y - Goleta Point (Summer) B
L - Santa Cruz Island B Z - Goleta Point (Winter) B
* - Goleta poine (Summer) A

M-santaRosa | sl and ( Sunmrer)

B
N - Santa Rosa Island (Wnter) &
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Table I11-1.2-10 Group means from overall

di scrimnent analysis.

Abiotic Characteristic >rouP yumber from C assification
L 2 3 4

1. Mussel bed thickness 6. 0860 6. 4006 4.8825 3.0920
2. Intertidal height of the

substrate 1.1710 1.4196 1,0220 1. 8100
3. Dry weight of the sedinent* 4. 3598 5. 5527 3.9855 5.2695
4. Dry weight of the coarse

sedi ment * 4, 9873 5. 7857 5.4733 4.4215
5. Dry weight of the detritus* 0. 9800 1.2087 1.7203 2.0394
6. Angle of the substrate* 1.9289 2. 0670 1. 8780 1. 3631
7. Total residual volune 037.5361 935.9539 649.2600 484.0752
8. Mean sedi ment size 1.6203 1. 5550 1. 6525 1. 9820
9. Phi skewness of the

sedi ment 0.2991 0.1230 -0.0935 -0. 1105
10. Phi kurtosis of the

sedi ment 0.1759 0.4252 -0.0245 0.7835
11. Organic carbon content of

the sedinent* 0.5960 0.4153  0.4343 0.5645
12. Tar weight* 0. 0020 0. 0518 0. 3333 0.3574 |

*Log +1 transformed prior to analysis.
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Table 111-1.2-11. Coarse fraction conposition.

1. Shell debris
a) broken pieces
b) enpty and worn-away shells including snails,
barnacl es and nussel s
2. Small rocks and pebbles ( > 2 mm dianeter)
3. Broken and surf-beaten worm encasenents

4,  Foreign objects e.g. glass and lead fish weights and fish line
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inhabit this area and this selectivity iS in part governed by the
qual itative differences in the sediment {Kanter, 1373).

I ncreased species diversity of the mussel bed community was
associated with the quantitative and qualitative differsnces .| the

habitat features discussed above. The nunber of speciss increased
with greater quantities of coarse fraction material and its
associated pore base, an increase in the nean s:izs of tragped

sediment and the nore positive skewness of the sediment distribution
(Figure 111-1.2-32).

The quantity of tar trapped within the nussel bed was recorded as an
index of oil exposure and was one of the nmpst inportant factors in
the discrimnant analysis (Table 111-1.2-9). This factor was of
primary inportance on axis I and of secondary impor:ancs on axis II

(Table 111-1.2-9, Figure 111-1.2-32). The presence of tar was
interpreted as a chemcal variable in the internal nussel bed
environnent . The presence of this substance and its chenmical nature

must be considered factors with which inhabitants or potenti al
i nhabi tants nust contend. Two di stinct community features are
associated with the presence of tar in the nussel bed. The first is
illustrated in the vector diagram of Figure 111-1.2-32, Those mnussel
beds which contained the greatest quantities of tar, e.g.,

Governnent Point and Goleta Point, contained the | owest nunbers of
speci es overall. During the 1975- 1976 programt he observed quantity
of tar trapped within the nussel bed was also an important variable.
The second quarter discriminant anal ysis results suggested that | ower
speci es diversity was associated with the greater quantltles of tar
i.e., San Mguel Island nussel bed sanples contained the |owest
nunber of species and the highest quantities of tar among the mussel
beds conpar ed. Tar was also inportant in the third quarter
diseriminant anal ysi s, Coal Q1 Point mussel beds contained the
hi ghest quantities of tar and also the greatest nunber of species
(74).  San Mguel Island sanples fromthis same period contained tar
and again supported a |low diversity of 55species. The present
findings and those from |l ast year's program suggest that tar is
associated with community diversity differences, but its effect is
not consistent. This probably reflects the potentially different
nature of each type of tar trapped within the nussel bed. This ma
ultimately reflect the varied chem cal conposition of original oi

sources of the tar.

The second comunity feature associated with high quantities of tar
Is that selected species display their greatest abundances in these
nussel beds, for exanple species in species groups E and F (Figure
111-1.2-29) which characterize Governnent Point and Goleta Point.
The observations discussed above suggest that many species cannot
live in the presence of tar while this second observation indicates
that sel ected species may adapt or acclimate to thrive in the
presence of tar.
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We do not have the chem cal support to docunent the origin of the tar

found in the nussel beds at Government Point and Goleta Point. It is
presuned that this tar originated fromnatural oil seeps offshore
(Figure I'11-1 .2-33) . It woul d be highly desirable to analyze this

tar in the future to ascertain its source and chem cal nature.

The quantity of detritus was of secondary inportance on axis Il

(Figure I11-1.2-31) . This was the only food related measure anong
the significant variables. Detritus was conposed primarily of algal
material (Appendix, Table 111-1.2-14). This material can provide

food directly for several species including amphipods, Hyale
lumulosa, Hvale G californica, and isopods Ligia goccidentlis,
Idotea P. wosnesenskii. The higher quantities of detritus were
generally associated with Governnent Point and Goleta Point nussel
beds which had | ower species diversities. This resource apparently
did not supply a limting factor since the increased quantity did not
support greater species diversity.
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1 .2.5 Recommendations

1. Additional sanpling localities should be added to provide nore
conpl ete geographic coverage. The areas should include nainland
areas near Ventura and Carlsbad, California. To increase
geographi c coverage and to exam ne intra-island variability
additional collections sites should be established on the
opposite side of all island localities presently being sanpled.
In addition collection sites should be established on Anacapa
I sl and.

2. Add a collection area north of Point Conception near Point
Arguello for conparison wth the currently exam ned northern
localities.

3. Sampl ing should be discontinued on Santa Barbara |sland because
accessi bl e nmussel beds are too patchy for future collections.

4. A systenmatic random process for selection of sanpling areas

repl ace the present aggregated pattern of core sanples. This
woul d al | ow di scontinuation of "upper" and “lower” intertidal
sanpl ing

5. An intensive sanpling program should be initiated at one
locality. This program woul d include approximately thirty
random sanpl es collected over the entire intertidal/(vertical)
and horizontal range of the mussel bed. The data collected

should provide information on wthin locality community
heterogeneity, and the physical data to decide on the nost
important within habitat factors responsible for comunity
di fferences.

6. Species diversity (species counts) replace the use of dom nance
diversity indices, e.g., Shannon-Wener index.

2. I ncl ude hydrographic data describing currents, water nasses and
ot her oceanographic features of the Southern California Bight

into the discrimnant analysis.

8. Document the origin and nature of tar (G l) found within the
nussel bed

1.2.6 Summary

The communities associated W th_Mytilus californianus (nmussel) beds

from el even geographic localities in Southern California were
exami ned. The localities included four mainland sites - Government
Poi nt, Geleta Point, Corona del Mar and San Diego; and seven offshore
islands including - San Mguel Island Santa Rosa Island, Santa Cruz
Island, Santa Barbara Island, Santa Catalina |Island, San Nicolas

111-1.2-76



Island and San Clemente Island. In general, the 1500cm® sample Size
adopted during the 1975-1976 program proved adequate for sanpling
most of the structurally diverse nussel beds this year. This sanple
size supplied information on the characteristic and abundant species
inhabiting a particular nussel bed, and provided data which was well
suited to intersite comunity conparisons. This sanple size was too
small in several instances to include the rarer, |ess abundant
speci es. The nussel conmmunities from all localities contributed to
the master species |ist which contained conservatively 481 species of
animal s and 63 species of algae. The nost diverse collections cane
from Santa Cruz Island and Corona d=1 Mar, and these areas contained
120 and 119 species respectively. The lowest diversity was recorded
for the nussel beds from Goleta Point which contained 57 species.
Mussel comunity samplas Were collected from upper and | ower
intertidal areas occupied by the aussel peds within a locality. In
general , comunity differences both in conposition and abundance were
associated with these collections.

In the overal|l community simlarity analysis, three significant
patterns were reveal ed. The mussel comunities divided along a
north-south pattern of community simlarity. The northern localities
wWth simlar communities included Governnent Point, San Miguel
Island, Santa Rosa Island, Santa Cruz Island, and San Nicolas | sl and.
The southern group was conposed of mnussel comunities from Corona del
Mar, San Diego, Santa Barbara Island, Santa Catalina Island and San
Clemente | sl and. The nussel communities found at Goleta Point were
extremely unique in both conposition and abundances of species. In
general the northern and southern communities were characterized by
sel ected groups of species exhibiting their highest relative
abundances of individual localities, wth sone species ubiquitous to
all communities.

The nost inportant mussel bed feature associated with comunity
differences were quantitative and qualitative differences in the
potential mcrohabitats. Those features associated with greater
species diversity included the quantity of coarse fraction shell and
rock debris (with its associated pore base) the nmean size and phi
skewness of the trapped sedinent. Those features associated with
decreased species diversity included greater quantities of tar and
detritus trapped within the nussel bed.
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GOVERNMENT POINT SEPTEMBER 24, 1976
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Figure 111-1.2-34. Species area curves for Governnent Point (Summer),
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GOLETA POINT OCTOBER 6, 1976
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GOLETA POINT JANUARY 19, 1977
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SANTA ROSA ISLAND OCTOBER 7, 1976
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SANTA ROSA ISLAND
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SANTA CATALINA ISLAND
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Figure 111-1.2-41. Species area curves for Santa Catalina Island.
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SAN CLEMENTEISLAND SEPTEMBER 9, 1976
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Table 111-1.2-12. Faunal Species Present at Minland Collection Sites
ISLAND SITES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina Sun Clemente
1976 1976 19177 1976 1976 1976 1976 1976
Summer Sunmer W nter Summer Sunmmer Summer Sunme ¢ Summe r
BIOTIC COVPOSI TI ON AR AB AB AB AR AB AR AB
I. PHYLUM PORIFERA
A CLASS CALCAREA
Leucandra heathi *
I'l. PHYLUM CNIDARIA
A. CLASS HYDROZOA
Abietinaria sp. + +
Aglaophenia sp. +
Sertularia sp. +
B. CLASS ANTHOZOA
Anthopleura xanthogrammica ++ ++ ++ 4+ + + + ++
Actiniaria tip. +i ++ ++ ++ + =+ 3
Anthopleura sp. + ++ + + + +
Anthopleura elegantissima + +
Anthozoa sp. k -k ++
Epiactis prolifera +
® °
() () () () 0 e o
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Table 111-1.2-12 (Continued).

Faunal Species Present

at

Maui . nl and

Coll ection Sites

| SLAND S1TES

San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sunmer Summer W nter Sunmer S umme T S umme T Summer S umme T
BIOTY C COMPOSITION AB AB AB AB AU AB AU Att
{11. PHYLUM PLATYUELMINTHES
Leptoplanidae sp. ++ ++ ++ ++ + ++ ++ ++
Freemania litoricola -1 ++ t
Alloioplana ap. + ++
Stylochus franciscanus +
Notoplana sp. t +
Alloioplana californica + ++ + t +
Placyhelminthes sp. A +
Platyhelminthes sp. +
Turbellarla sp. +
IV, PHY LUM NEMERT EA
A. CLASS ANOPLA
Lineidae sp. ++ i-t ++ ++ t+
Cerebratulus sp. t
Micrura pardalls +
Lineus pictifrons ++ +
Heteronemertea sp. +
Nemertea sp. ++ +t ++ ++ ++ + ++ (23
+

Tubulanus pellucidus
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Table 111-1.2-12 (Conti nued).

Faunal Species Present

at Miinland Collection

Sites

LSLAND SITES

San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sunder Summer Wnter Sumer Summer Sumer Sunmer Sunmrer
BIOTIC COWPCSI TI ON AR AB AB AB AR AB AB AB
B . CLASS ENOPLA
Emplectonema gracile ++ ++ ++ + t + +
Nemertopsis gracilis ++ ++ ++ + =
Paranemertes peregrina + ++ ++ ++ -+t ++ + +t
Amphiporus sp. |-t ++ ++ ++ ++ ++ ++ +
V. PHYLUM SIPUNCULIDA
Phascolosoma agassizii + ++ ++ ++ i-t ++ -+ +
Themiste sp. +
Sipuncula sp. + + ++ + + + +
VII. PHYLUM ANNELIDA
A. CLASS OLIGOCHAETA
0ligochaera ep. ++ ++ -1t 4+ [ +
B. CLASS FPOLYCHAETA
Arabella semimaculata ++ -tot + ++ ++ 4+ ++ +H
Boccardia proboscidea + + ++
L ® o L ) () () ) ()
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Table 111-1.2-12

(Continued). Faunal Species Present

at Mainland Collection Sites

| SLAND S 1TES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sumer Summer Wnter Sunmer Summer Summer Suume I Sunmer

BYOLIC COML' LXSI'|"1ON AR AB AB AB AB Ab AB AR
B. CLASS POLYCHAETA (Cent’d.)

Chone minuta ++ + ++ Tt

Cirratulidae sp. +

Cirriformia spirabrancha +

Eupomatus gracillis + + +

Hemipodus borealis +

Lumbrineris zonata ++ + ++ + ++

Nerels vexillosa ++ ++

Notomastus tenuis 1 |

Onocoscolex pacificus + + + I

Phragmatopoma californica + + ++ ++ i ti

Typosyllis hyalina ++ + ++ ++ + LR} ++ i+

Typosyllis "“fasciaca sp. D + + ++ + ++ i+ ++ 1

Naineris dendricica ++ t+ + ++ -t ti

Spirobranchus spinosus + ++ + + En3 i

tlalosydna brevisetosa + + + +

Typosyllis alternata + ++ ti- + -+ + +t

Typosyllis armillaris 3 i

Exogone lourei k 44 + ++ 3 I-t It

Terebellidae sp. ++ + ++ " | N

Polydora sp. + - +

Typosyllis cf aciculata + + k o _




Table 111-1.2-12 (Continued). Faunal Species Present at Miinland Collection Sites

| SLAND SITES

96-7 " T-1II1

San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina san Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sunmer Summer Wnter Sunmer Sunmer Sunmer Sunmer S umme 1

BIOTIC COVPOSI TI ON AB AB As AB AB AB AB AB
B. CLASS POLYCHAETA (Cont * d . )

Polyophthalmus pictus + ++

Pareurythoe californica +

Tharyx sp. + +H + ++ ++ + 4+

Chaetozone Sp. +

Orbiniidae sp. + + + + 1+

Capitellidae sp. + + + +

Polydora websteri +

Naineris sp. +

Phyllodacidae sp. + ++ + + +

Polynoidae sp. ++ +

kxogone Sp . + + +

Cirriformia luxuriosa +

Lumbrineridae sp. + + +

Syllis gracilis +

Vermiliopsis 1nfundibulum ++

Anaitides medipapillata +

Polycireus sp. ++

Maldanidae o9p. +

Nereis mediator ++ ++ ++ + It ++ ++ ++

Anatcides sp. + +t +

Typosyllis adamanteus +

Axiothella rubrocincia + +
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Table 111-1.2-12

(Conti nued).

Faunal Species Present at

Mai nl and Col |l ection Sites

ISLAND STTES

Ssn Miguel Santa Rosa Santa Cruz Santa Barbara Sun Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
S umme 1 Summer Wnter Summe r S umme r Sunime [ Sumer S uume [

BIOTIC COVPOSI ' |’ 10N AB AB AB AB AB A AB Al
B. CLASS POLYCHAETA (Cent’ d. )

Lumbrineris japonica + +

Polydora socialis + t+

Cirriformia tentaculata +

Sabellidae sp. + + ++ t t L

Syllidae sp. -+

Branla sp. + ++ ++ + t +t tt

Sabellaria gracilis ++

Odontosyllis phosphorea + =+ +

Perinereis monterea + L33 ++ ++ + + +-F

Lumbrineris sp. H + ++ ++

Sigalionidae sp. A + ++ ++ + ++

Branchiomaldane vincentidl 4+ + + 4+ + + +

Caulleriella sp. +

Caulleriella bioculata + 1 I

Caulleriella alata + ++ +

bodecaceria conchayrum + + +

Clrratulus cirratus + 1t

Scyphoproctus wculatus + n

Medlomastus californiensis ++ + +

Notomastus lineatus + 1 ¥

Thormora johnstoni
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Table 111-1.2-12 (Continued).

Faunla Species | ?resent

at Mainland Coll ection

Sites

BIOTIC CONPOSI TI ON

1SLAND SITES

S5an Miguel
1976
Sumer
AB

Santa Rosa
1976 1977

Summer Winter

AB

AB

Santa Cruz Santa Barbara
1976 1976
Sunmer Sunmer
AR AB

San Nicolas Santa Catalina
1976 1976
Sunmer Sunmer

AB AB

San Clemente
1976
Sunmer
AR

B. CLASS POLYCHAETA (Cont'd.)

Rhynchospio arenincola
Boccardia columbiana
Boccardia tricuspa
Polydora giardi
Polydora pygidialis
Lumbrineris erects
Scolelepis acuta
Halosydna johnsoni
Bocecardia sp.

Fabricia sp.

Oriopsls ap.

Potamilla sp. A

Syllis elongata
Syllides sp.

Nereils sp.

Typosyllis variegata
Nothria stigmacis
Onuphidae sp.
Spirorbinae sp.
Chrysopetalidae sp.
Protodorvillea gracilis
Schistomeringos longicornis

ER

S R S Ao S

oo+

1

-

S

Iz

1%
1

PR

-t
++ 34

+ ++

- -+ -

i

++
++

Tt

+

() )

) )
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Table 111-1.2-12 (Continued).

Faunal Species Present at Minland Collection Sites

BIOTLC COMPOSITION

| SLAND SYTES

B. CLASS POLYCHAETA (Cont ' d . )

Eulalia sp. A

Eulalia quadrioculata
Typosyllis sp.

Schis tocomus sp. A
Odontosyllis sp.
Megalomma pigmentum
Eteone pacl fica
Anailcides madeirensis
Phyllochaetopterus prolifica
‘yposyllis 'fasciaca' sp.
Arabella sp.

Paraonidae sp.

Synelmis albini
Salmacina cribranchiata
Eunice antennata
Autolytinae ap.

Nothcia sp.
Chaegoptreridae sp.

San Miguel Sant a Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clewente
1976 1976 1977 1976 1976 1976 1976 1976
Sunmer Summer W nter S unme 1 Summer Summer Summer Summer
Ab AB AR AB AU AU AB AB

+ + +
+ +
++ + + (23
+
t ++ + t
+
+ +
i-t + +
+ + t
+
4
I
4
+ ++

+

+
-
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Table 111-1.2-12 (Continued).

Faunal Species Present at Minland Collection Sites

BEOTIC COMPOSITION

| SLAND § ITES

San M guel
1976
Summer
AB

Santa Rosa

1976
Sunmrer
AB

1977
W nt er
AB

Santa Cruz
1976
Summer
AB

Santa Barbara Santa Catalina San Clemente
1976 1976 1976
Sunmer Summer Sunmrer S umme I

AB Al AB AB

San Nicolas
1976

B. CLASS POLYCHAETA (Cent’ d.

Sabellaria cementarium
Capitella capitata
Potamilla sp. B
Idanthyrsus sp.
Thelepus crispus
Pista sp.

Serpula vermicularis
Autolytus ap.
Dorvilleidae sp.
Eulalia sp. B
Sabellaria sp.
Cossura nr. candida
Puleanotus bellis

i++7‘++i

+

() )

O

——_
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Table 111-1.2-12

(Conti nued).

) o

Faunal Species Present

at Mainland Collection

()

Site

I SLAND SI TES

Santa Cruz Santa Barbara

San Nicolas Santa Catalina

San (lemente

T0T-2°1-III

1976 1976 1976 \ 1976 1976
Summer Wnter Sunmer Sunmer Sumer Sunmer S ummer
BIOTIC COMPOS1TION AB AB AB AB AB
VIII. PHYLUM MOLLUSCA
A. CLASS GASTROPODA

Collisella strigatella -t ++ + -+ 4
Conus californicus + +
Crepipatella llngulata ++ + + + ++
Epitonium tincture ++ -+ + ++ i-t
Fissurella vol cano +H +- H n n
Liotla fenestrata + +
Homalopoma luridum + +
Lacuna marmorata +
Lacuna unifasciata + i+ + +
Littorina planaxia + + kY +H ++ 4
Littorina scutulata 4+ +H ++ + + -+ s
Lottia gigantea i+t + ++ ++ ++ ++ + ot
Mitrella carinata + ++ + +
Ocenebra circumtexta + ++ ++ 4+ ++ + R
Odostomia nota + + + -+
Opalia funiculata + ++ +
Tegula funebralis i-t ++ +t
Thais emarginata i-t + + ++
Trimusculus reticul ates 4
Triphora pedroana +
Turbonilla kelseyi + ! t +
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Table 111-1.2-12 (Continued). Faunal Species Present at Minland Collection Sites
| SLAND SITES
San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Surmer Surmer Wnter S umme T Sunmer Sunmer Sunmer Sunmer
BIOTIC COVPCSI TI ON AR AB AB AB AB AB AB M
VI1 | . PHYLUM MOLLUSCA
A. CLASS GASTROPODA (Cent’ d. )
Haliotis cracherodii + + + + + ++
Barleeia californica + + + H + ++
Mi tra idae ++ +
Acanthina spirata + 1
Collisella digitalis ++ ++ + ++ ++ * ++
Collisella pelta ++ ++ ++ ++ ++ + ++ +
Collisella scabra + + + +
Mitrella aurantiaca + +
Acanthina punctulata +t
Collisel | a limatula + 4+ ++ ++ ++ + ++ +
Amphissa versicolor + + + + ++ +
Seila montereyensis + ++ +H + + -+
Balcis thersgites ++
Homalopoma baculum +H + ++ ++ + t-
Cerithiopsis carpenter ++ ++ ++
Nudbranchia sp. + -1t + + +
Barleela haliotiphilia + i-t +t +t + + ++
Littorina soO. i-t
O () 0 ° ) ® ° ® L
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Table 111-1.2-12

(Continued). Faunal Species Present at Minland Collection Sites

BIOTIC COVPCSI TI ON

I SLAND SI TES

m M guel Santa Rosa Santa Cruz Santa Barbara
1976 1976 1977 . 1976 1976
Sunmmer Surmer W nter Summer Sunmmer
AR AB AR AD AB

San Nicolas
1976
Sumer
AB

Santa Catalina
1976
Sunmer

AB

San Clemente
1976
Sumer
AB

VII1. PHYLUM MOLLUSCA
A CLASS GASTROPCDA (Cent’d.)

Lucapinella callomarginata
Sinezona rimuloides
Siphonaria brannani
Barleela subtenuis
Diodora sp

Collisella conus
Acmaeidae sp.

Gastropod sp.

Crepidula coeil
Teinostoma supravallatum
Calyptraeldae sp.
Odostomia eucosmia
Odostomla astricta
Odostomla vicola
Odostomla sp.

Gastropoda sp. B
Ceratostoma nuttalli
Granula subtrigona

TFf++
SR o s

iz -

tii ¢

b . e Y

+

*1

R - s

+ o+ o+

o ) ) ®
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Table 111-1.2-12 (Conti nued).

Faunal Species Present

at Mainland Collection Sites

BIOTIC COMT” OSITION

VIII. PHYLUM MOLLUSCA
A. CLASS GASTROPCDA (Cent’ d.

Dendrodoris sp.
Cerithiopsis cosmia
Odostomia virginalis
Serpulorbis squamigerus
Petaloconchus sp.
Gastropod sp. A
Crepidula fornicata
Tricolia sp.

Alvinia aequisculpta
Tegula sp.

Collisella sp.

Triphora ap

Haliotls sp.

Homalopoma ap.

Odostomia navisa
Cerithiopsis sp
Odostomia aepynota
Parviturbo acuticostatus
Cyclostremiscus sp.
Alvinia purpurea

ISLARD SITES

San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1.976 1977 1976 1976 1976 1976 1976
Summer Sumer Wnter Summer Summer Sumer Summer Sumer
AB AB AB AB AB AU AB AB
+
+
+
+ +
+
+
+
¥
+
{_
+
+
+
+ +
+ +
+
+
+
+
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Table 111-1.2-12 (Continued). Faunal Species Present at Mainland Collection Sites
1SLAND S| TES
an M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Summerxr Summer Wnter Sumer Sunmmer Sumer Sunmmer Summer
BIOTIC COWPOSI TI ON AB AB AB AB AB AB AB AB
VI, PHYLUM MOLLUSCA
U. CLASS PELECYPODA
Brachidontes adamsianus ++ ++ ++ ++ + ++ 4
Chama pellucida + + + +
Glans subquadrata + + + + ++ + ++ ++
Hiatella arctica + + + ++ + + +
Lasaea subviridis ++ * + + +H " + ++
Modiolus capax ++ ++ + +t +
Mytilus californianus H 4+ H +- -H 4+ ++ +1
Mytilus edulis + ++ it
Septifer bifurcatus ++ ++ ++ +H ++ ++ +H
Kellla laperousii + + + ++ + ++
Senel e rupicola ++ ++ 1+
Gregariella chenui + +
Milneria kelseyi +
Cumingia californica +
Pelecypoda ap. + ++ ++ +H H +
Mytilidae ap. + + ++ ++ + ++ ++ ++
Modiolus sp. +
Lithophaga plumula kelseyi + + + +
Pseudochama exogyra + +
Semele ap. +
Milneria mni na +
§] o o o [ ) 0 @
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Table 111-1.2-12 (Continued). TFaunal Species Present at Miinland Collection Sites
| SLAND SI TES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1.976 1976
Sunmer Summer W nter Sumer Sunmer Sunmer Sumer Sunmmer

JIQTIC COVPOSI TI ON AB AD AR AB AB AB AB AB
"IL. PHYLUM MOLLUSCA
B. CLASS PELECYPODA (Cent’'d.)

Leptopecten latiauratus +
C. CLASS PCLYP LACOPHORA

Mopalia muscosa It ++ ++

Nuttallina fluxa f-t ++ ++ ++ ++ +H + +

Cyanoplax hartwegii ++ + + + ++ ++ ++ HE

Lepidozona californtensis +

lLepidozona Sp. +

Lepidozona asthenes ++

Nuttallina ap. + + +

Polyplacophora sp. + +

Mopalia sp. +

Callistochiton palmulatus +

Chaetopleura sp. +

Acanlthochitona avicula +
D. CLASS CEPHALOPODA

Cct opus__ap. +
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Tabl e 111-1.2-12 (Conti nued).

Faunal Species Present at

Mai nl and Col l ection Sites

ISLAND SITES

San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1916 1976 1976 1976 1976
Sumner Surmer Wnter Sunmer Summer S umme Summer Summer
BIOTIC COMPOSITION AB AB AB AB AB AR AB AB
Ix. PHYLUM ARTHROPODA
A. CLASS CRUSTACEA (CIRRIPEDIA
Tetraclira squamosa
rubescens ++ ++ ++ ++ ++ ++ i+ +
Balanus glandula - ++ ++ ++ ++ ++ ++
Chthamalus dalli - +t +t ++ ++ +t ++ 1+
Chthamalus fissus ++ ++ ++ -t ++ ++ +t ++
Pollicipes polymerus ++ ++ ++ t-t ++ ++ -H i-t
Tetraclita squamosa elegans ++ ++ ++ +H ++ n ++ +
Balanus tintinnabulum
californicus + + ++ ++ -
Cirripedia juvenile unid, + ++ ++ -1 + + + a3
Cilrripedia dead ++ + ++ ++ + + ++
Syp
B. CLASS CRUSTACEA
(ORDER ISOPODA)
Cirolana harfordi ++ ++ + ++ ++ 1t ++ ++
Idotea pentidotea
wosnesenski i . ++
Jaeropsis dubia + + + ++ + 1
Sphaeromatidae Sp. + t+ + ++
Sphaeromatidae sp. 1 + -1t ++ t + t-k t-t
Jaeropsis sp. r
) ® T ® ¢ °® ® o o
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Tabl e 111-1.2-12 (Conti nued),

Faunal Species Present at

Mai nl and Col l ection Sites

1SLAND S ITES

San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
S ummer Sumner Winter Supmer S umme 1 Supmer Summer S unme T

BIOTIC COVPOSI TI ON Au AR AB AB AR AB AB AB
B. CLASS CRUSTACEA

( ORDER 150P0ODA) (Cont'd.)

Valvifera sp. +

Cryptochir balani +

laniropsis tridens + t-i ++ + t

Sphaerowmacidae sp. 2 ++ + +

Paranthura elegans +

Ianiropsis sp. +

Anthuridae sp. {

Paranthura elegaus +

Mesanthura occldentalis + o +
. CLASS CRUASTACEA

(ORDER AMPHIPODA)

liyale frequens + 1 i+ i

Hyale grandicorais

call fornica -t ++ i1 +F = ++ 1

Aoroides columbiae ++ ++ | ++ it [] ti

Maera simile + + 1 +

Amplthoe sp. ++ ++ 1 ++ t H

Chevalia aviculae
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Table 111-1.2-12 (Continued).

Faunal Species Present at Minland Collection Sites

ISLAND SITES

San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Summer Sumer Wnter Sunmrer Summer Summer S ummer Sumner
BIOTIC COMPOSTTION AR AB AB AB AB AB AB AB
C. CLASS CRUSTACEA
(ORDER AMPHIPODA) (Cont' d. )
Hyale anceps ++ i-k + -H ++ -H ++ ++
Elasmopus sp. ++ ++ + ++ ++ +4 -+ +t
Jassa falcata + ++ ++ ++ +t . 1 ++
Parallorchestes ochotensis + +
Paramoera mohri ++ + 13
Eusiridae sp. ++ / tt
MHyale plumulosa - +t ++
Photis Sp. ++ ++ + +
Anphipoda sp. ++ ++ ++ It + +
Pontogenela sp. +
D. CLASS CRUSTACEA
( SUBroER  CAPRELLIDEA)
Caprellidae sp. t ++ +
Perotripus brevis + +
i) () f) () ¢ 0 o ) °
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Table 111-1.2-12 (Continued). Faunal Species Present at Minland Collection Sites
ISLAND SITES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catal i na San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sunmmer Sunmmer Minter Sumer Sunmer S umme T Summer Summe 1

BIOTIC COVPOSI TI ON AB AB AB AB AB AB AB AB
£, CLASS CRUSTACEA

(ORDER TANAIDACEA)

Synapseudes intumescens ++ + ++ ++ ++ (23

leptochelia sp. 1 + i-t

Anatanais sp. t

Tanaldacea sp. +

Pancolus californiensis + 1+
. CLASS CRUSTACEA

(ORDER DECAPODA)

Hemlgrapsus nudus + +

Pachygrapsus crassipes ++ ++ ++ + + T ++ 4

Petrolisthes cabrillol ++ t i-t + +

Pugetrtla producta + + + +t

Fabia subquadrata + + i- +

Cycloxanthops novemdentatus + 1

Paraxanthias taylori +

Pagurus hirsuciusculus + + +

Pagurus samuelils + +-1

Lophopanopeus sp. + +

Pinunotheres concharum +

Pachycheles Sp. + +
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Table 111-1.2-12 (Continued).

Faunal Species Present at Miinland Collection Sites

BIOTIC COVPCSI TI ON

| SLAND S1TLES

San M guel
1976
Summer
AB

Santa Rosa
1976 1977
Summer

AB

W nt er
AB

Santa Cruz
1976
Summer
AR

Santa Barbara
1976
Summer
AR

San Nicoelas
1976
Summer
AB

Santa Catalina
1976
Sunumer

AB

San Clemente
1976
S upme r
AB

F. CLASS CRUSTACEA
(ORDER DECAPODA) (Coat'd. )

Petrolisthes sp.
Pagurus sp,

G CLASS PYCNOGONIDA

Achelia simplissima
Halosoma viridintesrinale
Pycnogonum stearnsl
Ammothella tuberculata
Lecychorhynchus hilgendorfi
Ammothe 1la nenziest

+

—_

+ +

H. CLASS CRUSTACEA
( ORDER OSTRACODA)

Rutiderma rotunda
Rutiderma sp.
Rutlderma sp. B
Rutiderma judayi

++

11

—_—
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Table 111-1.2-12

b 1) (!

(Conti nued).

Faunal Species Present at Minland Collection Sites

BIOL'IC COVPCSITION

| SLAND S1TES

San M guel Santa Rosa Santa Cruz
1976 1976 1977 1976
Summe 1 Summer W nter Summer
AB Al AR AB

Sant a Barbara San Nicolas Santa Catalina
1976 1976 1976
Sunmer S umme r S uimer
AB AB AB

San Clemente
1976
sulie
AB

1. CLASS CRUSTACEA
(SUBORDERGAMMARTDEA)

Lysianassas mac romerus

J. CLASS CRUSTACEA
(ORDER CUMACEA)

Cumacea sp.

K . CLASS COPEFODA
(ORDER HARPACTICOIDA)

Harpacticoida Sp.

A+ ++

L .CLASS | NSECTA

Halacaridae Sp.

X, PHYLUM ECHINODERMATA
A . CLASS ASTEROIDEA

Pisast er sp.
Leptasterias pus 1lla
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Tabl e 111-1.2-12 (Conti nued).

Faunal Species Present at Mainland Collection Sites

Bl OTl1 C COMPOSITION

| SLAND SITES

San Miguel

Summer

1976

AR

Santa Rosa

1976 1977

Summer W nter

AB

AB

Santa Cruz
1976
Summer
AR

Santa Barbara
1976
Sumner
AB

San Nicolas

1976
Summer
AB

Santa Catalina
1976
Sunmer
AB

San Clemente
1976
Summner

AB

X.

A

PHYLUM ECHINODERMATA
CLASS ASTEROIDEA (Cent'd)

Asteroidea sp.
Patiria nini.aFa

CLASS ECHINOIDEA

Strongylocentrotus purpuratus
Strongylocencrotus Sp.

i1

CLASS HOLOTHUROIDEA

Cucumarla curata
Leptosynapta alblcans
Hlolothuroidea sp.
Pachythyone rubra

-1t
i-t

. CLASS OPHIUROIDEA

Amphipholis squamata
Ophiactis simplex

12

i1

0
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Table 111-1.2-12 (Continued).

Faunal Speci

es Present

at Maiuland Coil.ectic)n Sites

BIOTIC COMPOSITION

| SLAND S1ITES

m M gue
1976
Sunmer

Santa Rosa

1976

1977

Santa Cruz
1976

Summer Wint er Sulmer

AB

AB

AB

Santa Barbara
1976
S umme T
AB

San Nicolas
1976
S e T

Al

Santa Cataliuna
1976
S unme T

Au

San Clemunt ¢
1976
S wimne r
AB

X. PHYLUM ECHINODERMATA
D, CLASS OPHIUROIDEA (Cone’d)

Ophiopteris papillosa
Ophiothrix spiculata
Ophiucoidea sp.

XI. PHYLUM ECTOPROCTA

Microporella californica
Membranipora tuberculata
Cryptosula pallasiana
Celleporaria brunnea
Hippothoa hyalina
Thalamoporella cualifornica
Bugula californica
Microporella ciliata
Cellaria mandibulata
lLagenipora punctulata
Tricellaria rernata
Chapperia patula
Tricellaria occidentalis
Costazia costazi
Parasmictina collifery

1+

1

13

+ 1

+ e

11
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Table 111-1.2-12 (Continued).

Faunal Species Present at Miinland Collection Sites

ISLAND SITES

San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina Sun Clemente
1976 1976 1977 1976 1976 1976 1976 1376
Sunmer Sumer Winter Sumer Sumer S ume U S umwe T Sumue g

Bl OTl1 C COVPCSI TI ON AR AB AB A AB Al AR Al
XI. PUYLUM ECTOPROCLA (Cont'd.)

Penetrantia coacharum + + +

Fillcrisia franciscana ++ ++ + + t

Crisis occldentalis + +

Scrupocellaria californica ++ t +

Cauloramphus spinferum ++ + +t t \

Cellaria mandibulata i- i-t -1t ++ 1

Bugula neritcina +

Rhynchozoon rostratum ++ + -t + ‘+

Hippopodina californica +

Tubulipora tuba + ++ 4

Hippoporella gorgonensis + + + t

Chaperiella patula t

Diaperoecia californica + + 4

Veleroa veleronis +

Lyrula hippocrepis + 4+ + t

Scrupocellaria diegensis + ++

Hippodiplosia insculpta + + + +

Costazia robertsoniae t +

Lichenopora buskiana +

Copidozoun tenuirostre ++

Bicrisla edwardslana + + i

® () ® ® o 0 L L




Table 111-1.2-12

(Conti nued).

Faunal Species

Present at

Mai nl and Col | ection Sites

BIOTIC COVPOSI |’ 10N

ISLAND SITES

Santa Barbara
1976
Sunmer
AB

Stints Catalina
1976
Sunmer
AB

San Clemente
1976
S umme T
Al

XI. PHYLUM ECTOPROCTA (Cent * d .

Schizoporella cornuta

Bugula minima

Antropora tincta
Neonesidea phleaeri
Phidolopora pacifica
Lagenipora punctulata
Crisis serrulata
Tricellaria occldentalis
Conopeun_comnensal e

Santa Rosa
1976 1977
Sumer Wnter
AB AB
++

+

++

+

1.

—_

+

“T-2°1-I1I

L
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Table 111-1.2-12 (Continued).

Faunal Species Present

at Mainland Collection Sites

SITE
Gover nnent  Poi nt Goleta Poi nt Corona del San Diego
1976 1977 1976 1977 1976 1976
Sunmer W nt er Summer Wnter Summrer Sunmer
BI OTI C COVPCSI TI ON AB AB AB AR AB AB
. PHYLUM CNIDARIA
A CLASS ANTHOZOA
Anthopleura xanthogrammica + i-t
Actiniaria sp. A + ++ ++ ++
Anthopleura sp. + + + +
Anthopleura elegantissima +
Anthozoa sp. +
Alcyonaria sp. +
II. PHYLUM PLATYHEIMINTHES
Lept opl ani dae sp. ++ ++ + + ++ 1t
Freemani a litoricola +
Stylochus franciscanus + +
Allojoplana californica + *
IIT. PHYLUM NEMERTEA
A. CLASS ANCPLA
Li nei dae i-t ++ + ++ ++
Lineus pictifrons + + +
@ i e ‘) 4 e t
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Table 111-1.2-12

(Conti nued).

Faunal Species Present at

Mai nl and Col l ection Sites

SITE
Government Poi nt Goleta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sunmer W nter Summer Wnter Sunmer Summrer
BI OT1 C COWVPOSI TI ON AB AB AB AB AB AB
B. CLASS ENOPLA
Emplectonema gracile -H i-1 1- -kt ++ ++
Nemertopsis gracilis +(- + + -H +
Paranemertes peregrina i- + + i-t ++
Amphiporus sp. + t-t ++ ++ -H i-t
V.  PHYLUM SIPUNCULIDA
Phascolosoma agassizii + ++ + + i-t
Sipumcula sp. i- + + +
Phascolosoma sSp. +
v.  PHYLUM ANNELI DA
A CLASS OLIGOCHAETA
Enchytraeidae sp. +
Oligochaeta S P. - -+ ++ ++
B. cLass POLYCHAETA
Arabel |l a sem macul at a + ++ ++ ++ ++
Boccardi a proboscidea + -ki- + -0+t +
Chone minuta +

)
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Table 111-1.2-12 (Continued).

Faunal Species Present

Mai nl and Col l ection Sites

SITE
Gover nnent Poi nt Goleta Point Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Summer W nt er Sunmer W nt er Sunmer Sunmer

Bl OTI C COVPCSI Tl ON AB AB AB AB AB AB
B. CLASS POLYCHAETA (Cent’d.)

Chrysopetalum occi dent al +

Cirratulidae sp. + + i- t

Eulalia aviculiseta +

Eupomat us gracilis ++ -H + ++ ++ -1

Hem podus borealis +

Lumbrineris zonata + ++ ++ -1 i +

Nerei s vexillosa ++ ++

Not onmast us tenuis ++ ++ ++ +

Oncoscolex pacificus +

Phr agmat opoma californica -t + + ++

Pl atynerei s bicanaliculata +

Typosyllis hyalina ++ ++ +H -H -t-t ++

Typosyllis "fasciata" sp. D ++ + + -H -t i-t

Naineris dendritica + ++ ++ H ++

Spi robranchus spinosus +

Halosydna brevi setosa + +

Typosylliis alternata ++ + + | + +

Not hria sp. +

Exogone lourei + + -H +

Terebellidae Sp. ot + +

Polydora sp. + +

Typosyllis cf aciculata + +

Polyophthalmus pictus + + + ++ +

Tharyx sp. + + + -H- ++




Table 111-1.2-12 (Continued). Faunal Species Present at Miinland Collection Sites

SITE

Gover nnent Poi nt Goleta Poi nt Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Summer W nter Sunmmer Wnter Sunmer Sunmer

Bl OTI C COVPGSI TI ON AB AB AB AB AB AB

TeT-2°1-111

B. CLASS POLYCHAETA (Cent’d.)

Chaet ozone sp. + +
Polydora limicola
Capitellidae sp. +
Pol ydora websteri
Phyllodocidae sp. +

Polynoidae sp. +

Exogone sp. + |
Cirriformia luxuriosa ++
Lumbrineridae Sp.
Maldanidae sp. +

Nerei s nediator ++ |1 +F ++
Anaitides sp. +
Axiothella rubrocincta
Lumbrineris japonica
Polydora socialis +
Cirriformia tentaculata i-t ++
Sabellidae sp. +

Syllidae sp. ++

Brania sp. I+t i-t ++
Sabellaria gracilis
Odontosyllis phosphorea
Perinereis nonterea -1
Lumbrineris sp. + -1

+ +
T
++ 1
+

Tt.3 13 f.-

N

I3
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Table 111-1.2-12 (Continued).

Faunal Species

Present at Minland Collection Sites

SI TE
Gover nnent Poi nt Goleta Poi nt Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sumrer W nter Sunmmer W nter Sunmer Sunmer

BIOTIC COVPOSI TI ON AB AB AB AB AB AB
B. CLASS POLYCHAETA (Cent’'d.)

Sigalionidae sp. A -H-

Branchiomaldane vincentii + +

Caulleriella bioculata ++ + +

Caulleriella alata + +

Cirratulus cirratus +

Medi omast us californiensis -+ + ++ +

Boccardia columbiana +- +

Boccardia hamat a +

Spi oni dae sp. A + +

Boccardia tricuspa +

Nereis sp. -H + -H -H

Typosyllis variegata -H + +

Halogydna | ohnsoni + + + +

Thelepus crispus + +

Spirorbi nae sp. -H +

Eulalia quadrioculata -t H + H- +

Nothria stigmatis + -t

Eteone pacifica - + + +

Onuphi dae sp. -t +

Eulalia sp. A + ++

Fabricia sp. + +t- ++ +

Marphysa sp. +

Sabellaria cementarium + + +

| 1) I i) ] ® ¢
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Table 111-1.2-12

(Conti nued).

Faunal Species Present

at Mainland Collection Sites

Bl OTl1 C_COVPOSI TI ON

SITE

Gover nment  Poi nt
1976 1977
Sumer Wnter

AB AB

Goleta Poi nt

1976

Sunmer W nt er

AB

Corona del Mar
1976 1976
Sunmer Summrer

AB AB AB

San Di ego
1977

B.

CLASS POLYCHAETA (Cent’ d.)

Typosyllis sp.
Cirriformia sp.

Armandia bioculata
Schistocomus hiltoni
Oriopsis sp.

Syllides sp.

Synelmis albini
Salmacina tribranchiata
Protodorvillea gracilis
Anaitides nmmdeirensis
Eunicidae sp.

Euni ce antennata
Paraonidae Sp.

+ 7

+ 4+ + +

\U

PHYLUM MOLLUSCA
CLASS GASTROPODA

Collisella strigatella
Crepipatella lingulata
Epitonium tincture
Fissurella vol cano
Homalopoma luridum
Lacuna unifasciata

T3
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Table 111-1.2-12 (Conti nued).

Faunal Species Present at Minland Collection Sites

Bl OTI C COVPOSI TI ON

SITE

Gover nnent
1976
Sunmer

AB

Poi nt
1977
W nt er
AB

Goleta Poi nt

1976 1977

Sumer W nter
AB AB

Cor ona del
1976
Sumrer

San Diego
1976
Sumer

VI.
A

PHYLUM MOLLUSCA (Cent’d.)
CLASS GASTROPODA

Nudibranchia sp.
Barleeia haliotiphilia
Littorina sp.

Caecum californicum
Fartulum occi dental
Fartulum orcutti
Crepidula sp.
Crepidula aculeata
Nucella canaliculata
Matron |ividus
Odostomia turricula
Iselica fenestrata
Turbonilla tenuicula
Tricolia pulloides
Amphithalamus tenuis
Alvinia cosmia

Si nezona rimuloides
Barleeia subtenuis
Diodora sp.
Collisella conus
Haliotis sp.
Cerithiopsis sp.
Gastropoda sp.

“i4+t+F o+ T4+ o+ FI OIE

il

(1
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Table 111-1.2-12 (Continued).

Faunal Species Present

)

at Mainland Collection Sites

SI TE
Gover nment  Poi nt Goleta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sumer W nter Summer Wnter Summer Sunmer

Bl OT1 C COVPCSI TI ON AB AB AB AB AB AB
VI. PHYLUM MOLLUSCA (Cent'd,)
A CLASS GASTROPODA

Littorina planaxis ++ + -H i-t ++

Littorina scutulata + ++ + ++

Lottia gigantea + + + ++ H

Ccenebra circumtexta -H-

Odostomia nota + + +

Opalia funiculata +

Tegula funebralis -H it + ++

Thai s emarginata ++ + + + ++

Trimusculus reticul ates +

Turbonilla kelseyi + ++

Haliotis cracherodii +

Barleeia californica + + +

Acanthina spirata + ++

Collisella digitalis ++ -H ++ ++ ++ ++

Collisella pelta -i-t -H -H -t ++ |-t

Collisella scabra + +

Mitrella aurantiaca +

Acanthina punctulata +

Collisella limatula + -+ + ++ ++

Anphi ssa versicolor + +

Seila montereyensis +

Homalopoma baculum ++

-} +-

Cerithiopsis carpenter
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Table 111-1.2-12 (Continued).

Faunal Species Present

at Miinland Collection Sites

BIOTIC COVPOSI TI ON

SITE

Gover nmrent
1976

Poi nt

1977

Sumer W nter

AB

AB

AB

Goleta Poi nt Corona del MNar San Diego
1976

Sumer

1977 1976 1976
W nt er Sunmer Sumrer
AB AB AB

VI.
A

PHYLUM MOLLUSCA (Cent’ d.)
CLASS GASTROPCDA

Acnaei dae sp.
Tricolia sp.
Tegula sp.
Collisella sp.
Barleeia sp.
Thais sp.

H
+ ++

+ +

CLASS PELECYPCDA

Brachidontes adansi anus
Chama pellucida

3 ans subquadrata
Hiatella arctica
Lasaea subviridis
Modiolus capax
Mytilus californianus
Mytilus edulis
Protothaca stam nea
Septifer bifurcates
Kellia laperousii
Semele rupicola

lrus lamellifer

T+F-

o+ o+

tat,

i+

1

© ot

g

1

i-t

Io<:
+F

FofoxTroiisg
+¢ o

)
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Table 111-1.2-12 (Continued). Faunal Species Present at Minland Collection Sites

L¢i-¢ £-1==

SITE
Governnment  Poi nt Goleta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sumrer Wnter Sunmer W nter Sunmer Sunmer
Bl OT1 C COVPCSI TI ON AB AB AB AB AB AB
B. CLASS PELECYPODA (Cent’d.)

Gregariella chenui +

Cumingia californica ++

Mytilidae sp. ++ ++ -H * ++ [t

Pelecypoda sp. + + ++ +- ++

Protothaca sp. + +

Chaceia ovoidea +

Modiolus rectus +

Veneri dae sp. +

CLASS PCLYPLACOPHORA
Mopalia muscosa ++ ++ ++ +
Nuttallina fl uxa ++ + + 4 ++ H-
Cyanoplax hartwegii ++ + [-1 ++ ++
Lepi dozona sp. + + .-t

Lepi dozona asthenes ++
Nuttallina Sp. + +
Polyplacophora sp. + i-t + ++
Mopalia sp. +
Dendrochiton sp. +
Cyanoplax dentiens +
Acanthochitona avicula +
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Table 111-1.2-1.2 (Continued).

Faunal Species

Pr esent

at

Mai nl and Col | ection Sites

Bl OTl1 C COVPCSI T1 ON

SITE

Gover nmrent
1976

Poi nt

1977

Summer W nter

AB

AB

Goleta Poi nt

1976

1977

Sunmer W nt er

AB

AB

Cor ona del

1976

Sunmer

AB

Mar

San Diego
1976
Sunmer
AB

VIT.

A

PHYLUM ARTHROPCDA
CLASS CRUSTACEA (CIRRIPEDIA)

Tetraclita squanpbsa rubescens

Balanus glandula

Chthamalus dalli

Chthamalus fi ssus

Pollicipes polymerus

Tetraclita squanpsa elegans

Balanus tintinnabulum
californicus

Balanus crenatus

Cirripedia juvenil e unid.

Cirripedia dead

Ti=f1t

FE.7

il o e e

n g

T~

++

b e

-t-

Iz

e e e

1

R

1

CLASS CRUSTACEA
(ORDER ISOPODA) (Cent’d.)

Cirolana harfordi
Idotea pentidotea
wosnesenski
Jaeropsi s dubia
Sphaeronati dae sp. 1
Par ant hura elegans
Dynamenella sheareri
Mesanthura occi dental s
Ianiropsis tridens

I+

+1

o () 11

()
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Table 111-1.2-12 (Continued).

Faunal Species Present at Minland Collection Sites

SI TE
Gover nnent Poi nt Goleta Point  Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sumrer Wnter Sumrer Wnter Sumrer Sunmmrer
BI0TIC COVPOSI Tl ON AB AB AB AB AB AB
B. CLASS CRUSTACEA
(ORDER ISOPODA) (Cent * d . )
Isopoda sp. +
Cirolana sp. +
Sphaer onati dae sp. 3 +
C. CLASS CRUSTACEA
( ORDER AMPHIPODA)
Hal e frequens + t-t ++
Hyale grandicornis
californica + + -t ++ + ++
Aoroides columbiae + i-t
Ampithoe sp. ++ + |-t t-t ++ ++
Elasmopus cf serricatus +
Hyale anceps + + ++ |-t ++
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Table 111-1.2-12 (Continued).

Faunal Species Present

at Mainland Collection Sites

SITE
Gover nnent Poi nt Goleta Point Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sunmer W nter Summer Wnter Summrer Sunmmer
BI OTl1 C COVPCSI Tl ON AB AB AB AB AB AB
B. CLASS CRUSTACEA
( ORDER 1S0PODA) (Cent’d.)
Elasmopus sp. i-t ++ + ot * +
Jassa falcata ++ -H -t-1 ++
Parallorchestes ochotensis + + +
Paramoera mohri ++
Eusiridae sp. -1t
Anphi poda sp. + + ++ +
Paraphoxus Spi nosus +
Photis sp. + +
Hyale plumulosa + +
Ant huri dae sp. +
Gammar opsi s thonpsoni +

t}
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Table 111-1.2-12 (Continued). Faunal Species Present at Minland Collection Sites
SITE
CGover nment  Poi nt Goleta Poi nt Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sumer Wnter Summer Wnter Sunmer Summer
Bl OTl C COVPOSI Tl ON AB AB AB AB AB AB
D. CLASS CRUSTACEA
( SUBORDER CAPRELLIDEA)
Perotripus brevis i-t
Caprellidae sp. + +
E. CLASS CRUSTACEA
(ORDER TANAIDACEA)
Synapseudes intumescens + -l
Pancolus californiensis + ++
Leptochelia sp. 1 * ++
Tanai dacea sp. +
F. CLASS CRUSTACEA
( ORDER DECAPODA) (Cent’'d.)
Pachygrapsus crassipes -H t-t -t ++ ++ i-t
Petrolisthes cabrilloi * |-t + + + ++
Pugettia products + +
Fabi a subquadrata + +
Pagur us hirsutiusculus +
Pagur us samuelis + +
Maj i dae sp. +
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Tabl e 111-1.2-12 (Conti nued).

Faunal Species Present at

Mai nl and Col | ection Sites

SITE
Gover nnent Poi nt Goleta Poi nt Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sumrer W nter Sumrer W nter Sunmrer Sunmer

Bl OTI C COVPGSI Tl ON AB AB AB AB AB AB
F. CLASS CRUSTACEA

(ORDER DECAPODA) (Cent’d.)

Pinnotheres concharum +

Brachyura sp. +

Megalopa sp. +
G CLASS PYCNOGONIDA

Achelia simplissima +

Halosoma viridintestinale -t + H

Pycnogonun St ear nsi + + ++

Ammothella tuberculata +

Nymphopsis spinosissima +

Lecythorhynchus hil gendorfi i-t

Anoplodactylus erectus +

Achelia chelata +
H. CLASS COPEPCDA

( ORDER HARPACTICOIDA)

Har pacti coi da sp. + + ++ +- + t
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Table 111-1.2-12 (Continued).

Faunal Species Present at

Mai nl and Col l ection Sites

Bl OTl C_COMPOSI T1 ON

I, CLASS CRUSTACEA
(ORDER OSTRACODA)

Rutiderma rotunda
Rutiderma sp. B
Ruti derma sp.
Rutiderma j udayi
Ruti der ma _hartmanii

J. CLASS CRUSTACEA
(ORDER CUMACEA)

Cunacea sp.

ITII. PHYLUM ECHINODERMATA
A. CLASS ASTEROIDEA

Pi saster sp.
Asteroidea sp.
Pisaster ochraceus

B. CLASS ECHINOIDEA

Strongylocentrotus purpuratus

SITE
Gover nnent  Poi nt ol eta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Summer W nter Sunmer W nter Sunmmer Sunmer
AB AB AB AB AB AB
++ ++
-H- +
+
+
R
+
+
+ +
+
+ +
+ +

Echinoidea sp.
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Table 111-1.2-12 (Continued).

Faunal Species

Present at Mainland Collection Sites

SI TE
Gover nment  Poi nt Goleta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Summer Wnter Sunmer W nter Sunmer Sunmrer

Bl OT1 C COVPOSI TI ON AB AB AB AB AB AB
C. CLASS HOLOTHUROIDEA

Lept osynapta sp. +
D. CLASS QPHIUROIDEA

Amphipholis squamata -l

Ophiactis sinpl ex -H-
Ophiuroidea s P. +
[ X. PHYLUM ECTOPROCTA

Microporella californica +

Menbr ani pora tuberculata +

Hi ppot hoa hyalina ++ ++ + + t

Thalamoporella californica + +

Cellaria mandibulata + + +

Tricellaria occidentals ++ ++ bt +

Scrupocellaria californica + -H + + -H +

Cauloramphus spiniferum + - + ++ +

Filicrisia franciscana + + + i-t +

Crisis serrulata + i- + +

Bugula neritina + + +

Lichenopora buski ana ++ +

o () ® () ° ® e




Table 111-1.2-12 (Continued).  Faunal Species Present at Mainland Collection Sites

SITE
Gover nment  Poi nt Goleta Poi nt Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sunmmer Wnter Summer Wnter Summrer Sunmer
Bl OT'l1 C_ COVPOSI TI ON AB AB AB AB AB AB
| X. PHYLUM ECTOPROCTA (Cent’d.)
Scrupocellaria varians +
Parasm ttina collifera +
Hippoporella gorgonensis +
Scrupocellaria diegensis + +
Rhynchozoon rostratum + +
— Costazia costazi i-1
- Crisulipora occidentals +
L Diaperoecia californica +
o Scrupocellaria bertholetti +
AR
&
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Table 111-1.2-13.

Attached Al gae at Island Collection Sites

BIOTIC COMPOSITION

ISLAND SITES

san Miguel
1976
Sunmer
AB

Santa Rosa Santa Cruz
1976 1977 1976

Summer Wnter Summer
AR AB AR

Santa Barbara
1976
Summer
AB

San Nicolas
1976
Swume

AU

Santa Catalina

1976
S umme £
AB

San Cl emente
976

S uluhe I©
Al

THE ALGAE

DIVISION Chlorophyta
CLASS Prasinophyceae
ORDER Prasinocladales

Prasinocladus marinua?

CLASS Chlorophyceae
ORDER Ulotrichales

Monostroma sp.
Ulva californica

ORDER Cladophorales

Cladophora microcladioides

ORDER Codiales

DIVISION Phaeophyta
CLASS Phaeophyceae
ORDER Dictyosiphonales

Melanosiphon intestinalis

() )
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Tabl e

I11-1.2-13 (Continued).

Attached Al gae at

()

| sland Collection Sites

ISLAND STTES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
S umme 1 Summer MWinter Sumer Sumer sulie I Summer sulme L
| C1OCI C COVPOSI TI ON AR AB AB AB AR AB AB AU
ORDER Scytosiphonales
Endarachne binghamiae t
Colpomenia_ginuocsa + r
ORDER Diccyotales
ORDER Chordariales
| _Cylindrocarpus_rugosua? +
DIVISION Rhodophyta
CLASS Bangiophyceae
ORDER Bangiales
Porphyra perforata? ++ + +1
|_Porphyra_schizophyila? +
CLASS Floridevphyceae
ORDER Nemallales
Gelidium coulteril + |
| Celidium pusillum + + + | " i
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Table 111-1.2-13 (Continued). Attached Algae at Island Collection Sites
ISLAND SITES
San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 197} 1976 1976 1976 1976 1976
Summer Summer Winter Sunmrer Sunmer Suluner Sumer s ulnne €
BIOTIC COVPOSI TI ON AB AR AB AR Al Al AB AB
ORDER Cryptonemiales
Corallina vancouverinsis + ++
Bossiella plumosa +
Haliptylon gracile + + +t
Coralline frags. +
Endocladia muricaca + !
Carpopeltis bushiae + L +
ORDER Gigarcinales
Plocamium violaceum +
Pecroglossum parvum? +
Gigarcina canaliculata ++
Gigartina sp. + +
Rhodoglossum affine +
ORDER Rhodymeniales
Coeloseira compressa +
OKRDER Ceramiales
Ce ramium Sp. + + ++ + +
® L o ) L e ) o ®
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Table 111-1.2-13

(Continued).

Attached Al gae at

Island Collection Sites

MAI NLAND SI TES

Gover nnent Poi nt Goleta Point Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sumer W nter Summer Wnter Sunmer Sunmer
Bl OTl1 C COVPOSI Tl ON AB AB AB AB AB AB
ORDER Ceramiales (Cent’'d.)
Polysiphonia sp. +
Pterochondria woodii var.
woodii + +1-
Amplisiphonia pacifica + +1-
Chondria decipiens -1
+

Laurencia lajolla
Laurencia Sp.




Table 111-1.2-13 (Continued),

Attached Algae at Island Collection Sites

MAI NLAND SITES

or1-7 1-111

Gover nnent  Poi nt Goleta Poi nt Corona del Mar San Diego
1976 1977 1976 1977 1976 1976
Sunmer W nter Sumer W nter Summrer Summer

Bl OTI C COVPOSI TI ON AB AB AB AB AB AB
ORDER Gigartinales
Plocamium violaceum +
Plocamium sp. +
Gymnogongrus leptophyllus +
Gigartina canaliculata + +
Gigartina sp. +
ORDER Rhodynmeni al es
Rhodymenia Sp.
Coeloseira Cionpressa +
ORDER Cer ani al es
Ceram um sp. + + +
Centroceras clavulatum +
Callithamnion paschale +
Pol ysi phonia hendryi var.

gardneri +
Polysiphonia hendryi var.

hendr yi + +
Pol ysi phoni a paniculata +
Polysiphonia scopulorum var.

villum ++

() 1) )
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Table I11-1.2-13 (Continued).

Attached Al gae at

| sland Collection Sites

Bl OTI C COVPCSI Tl ON

MAI NLAND SI TES

Gover nment Poi nt
1976 1977 1976
Sunmer W nter Summer

AB AB AB

Goleta Poi nt

Corona del Mar
1977 1976
Wnter Sunmrer
AB AB

San Di ego
1976
Sunmer

CLASS Florideophyceae
ORDER Nemaliales

Gelidium coulteri
Gelidium purpurascens
Gelidium pusillum
Gelidium sp.

+1-

ORDER Cryptonemiales

Corallina offlcinalis var.
chilensis

Corallina vancouverinsis

Corallina sp.

Bossiella orbigniana ssp.
orbigniana

Bossiella sp.

Calliarthron cheilosporioides

Calliarthron sp.

Haliptylon gracile

Jania crassa

Carpopeltis bushiae

R

IFf+ 444




Tabl e 111-1.2-13 (Continued).

Attached Al gae at

| sland Collection Sites

BIOTIC COVPOSI TI ON

MAI NLAND SITES

Gover nent  Poi nt

1976

Sunmer

AB

197

7

W nt er

AB

Goleta Poi nt Corona del Mar San Diego

1976 1977 1976 1976

Summer Wnter Sunmer Sunmer
AB AB AB AB

THE ALGAE
DI VI SI ON Chlorophyta

CLASS Chlorophyceae
ORDER Ulotrichales

Enteromorpha intestinalis
Ent er onor pha conpr essa
Enteromorpha flexuosa?
Enteromorpha prolifera
Ulva californica

U va lactuca

1= T-111

S S

ORDER Cladophorales

Cladophora grami nea
Cladophora microcladioides

DI VI SI ON Rhodophyt a
CLASS Bangi ophyceae
CRDER Bangiales

Porphyra perforata?

) () ) ]

)
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Tabl e

()

I11-1.2-13 (Continued).

)

Attached Algae at

island Collection Sites

BIOTI1C COMPOSITION

ISLAND SI1TES

San M guel
1976
Sumer
AB

Santa Rosa

1976

Sumer Winterx

Aft

1977

AB

Santa Cruz
1976
Summer
AB

San Nicolas Santa Catalina
1976 1976 1976
S wme [ S qume T Sunmer

As AB AB

Santa Barbara

San Clemente
1976

S umer
AB

ORDER Ceramiales (Cont'd,)

(k111 thamnionacutum
Ttffaniella suyderiae?
Polysiphonla decussata
Polysiphonla hendryl var.
hendryi
Polysiphonia nathanielii

Polysiphonia scopulorum var.

villum
Polysiphonia sp.
Prerochondria woodit var.

woodii
Amplisiphonia pacifica
Chundria decipiens
Chondria nidifica
Chondria sp.
Laurencla crisps
Laurencia decidual?
Laurencia lajolla
Laurencia pacifica
Laurencla sp.
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Table 111-1.2-14.

Detritus at

| sland Col | ection Sites

B1OTiC COVPCSI TI ON

ISLAND SITES

San Miguel
1976
Summer
AB

Santa Rosa
1977

1976

Summer Winter

AB

AB

Santa Cruz

1976
sume
AB

r

Santa Barbara
1976
Sunmer
AB

San Nicolas

1976

Summer

AB

Santa Catalina
1976

Summer

AB

San Clemente
1976

S umwe T
AB

CLASS aAnglospermae
SUBCLASS HMonocotyledunes

| Phyllospadix sp.

+

++

+

THE ALGAE
DI VI SION thlorophyta

CLASS Chlorophyceae
ORDER Ulocrichales

Ulva californica
Ulva dactylifera
Ulva expausa
Ulva lactuca
Ulva rigida

Ulva sp.

+F

ORDER Codiales

Codium _sp.

U VI SION Phaeophyta
CLASS Phacophyceae
ORDER Dlcryosiphonales

Halorhipis winstonii

) (]
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Table 111-1.2-14

(Conti nued).

Detritus at Island Collection Sites

MAI NLAND SI TES
CGover nment  Poi nt Goleta Poi nt Corona del Mar San Diego

1976 1977 1976 1977 1976 1976

Sumrer W nter Summer Wnter Sunmer Sunmer
Bl OTI C COVPOSI TI ON AB AB AB AB AB AB
ORDER Ceramiales (Cent’d.)
Pterosiphonia bail eyi + ++ +
Pterosiphonia pennata +
Pterochondria woodii var.

woodi i +*+ ++ ++

Amplisiphonia pacifica i- ++ i-t
Chondri a nidifica +
Chondria sp. +
Laurencia crisps +
Laurencia pacifica +
Laurencia splendens +
Laurencia sp. + ++
Neoptilota_californica +
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Table 111-1.2-14

(Conti nued).

Detritus at Island Collection Sites

BI OT1 C COVPGSI TI ON

MAI NLAND SI TES

Gover nmrent
1976

AB

Poi nt
1977

Summer W nter

AB

Goleta Poi nt Corona del Mar
1976 1977 1976
Summer W nter Sunmer

AB AB AB

San Di ego
1976

Sunmer
AB

ORDER Rhodymeniales

Rhodymenia sp.
Rhodymneni a californica

ORDER Ceramiales

Antithamnion Sp.
Ceramium Sp.
Centroceras clavulatum
Callithamnion paschale
Anisocladella pacifica
Nienburgia ander soni ana
Acrosorium uncinatum
Cryptopleura Crisps
Rhodoptilum plumosum
Polysiphonia hendryi var.
gardneri
Polysiphonia hendryi var.
hendryi
Polysiphonia indi gena
Peclysiphonia nathanielii
Polysiphonia scopulorum var.
villum
Polysiphonia Sp.




LyT-¢°T-ITI1

Table 111-1.2-14 (Continued).

Detritus at

| sl and Collection Sites

MAI NLAND SI TES

Gover nnent Poi nt Goleta Point Corona del MNar San Diego
1976 1977 1976 1977 1976 1976
Sumrer W nter Sumer Wnter Sunmer Sunmer

Bl OTI C COVPCSI Tl ON AB AB AB AB AB AB
ORDER Cryptonemiales (Cent’'d.)
Bossiella orbigniana -t +
Bossiella orbigniana SSp.

dichotoma +
Bossiella orbigniana Ssp.

orbigniana + +
Bossiella sp. + +
Haliptylon gracile + + ++
Jania crassa ++
Endocladia muricata + +
Prionitis sp. + ++
Callophyllis sSp. +
CORDER Gigartinales
Plocamium cartilagineum + + ++
Gracilaria verrucosa ++
Gracilaria sp. +
Ahnfeltia gigartinoides +
Ahnfeltia plicata ++
Gymnogongrus leptophyllus + +
Gigartina canaliculata {48 +
Gigartina leptorhynchos? +
Gigartina tepida +
Gigartina sp. il +

+ +

Rhodoglossum affine

()
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Table 111-1.2-14 (Continued). Detritus at Island Collection Sites
MAI NLAND SI TES
Gover nnent Poi nt Goleta Point Corona del Mar San Di ego
1976 1977 1976 1977 1976 1976
Sumrer W nter Surmmer Wnter Sunmer Sunmer
Bl OrI C COVPGSI Tl ON AB AB AB AB AB AB
DI VI SI ON Rhodophyta
CLASS Bangiophyceae
ORDER Bangiales
Por phyra thuretii? ++
Porphyra Sp. +
CLASS Florideophyceae
CORDER Nemaliales
Gelidium coulteri e -t
Gelidium purpurascens ++ ++ ++
Gelidium pusillum ++ +
Gelidium robustum +
Gelidium sp. + ++ +
ORDER Cryptonemiales
Pi kea californica +
Lithothrix aspergillum +
Corallina frondescens? +
Corallina pinnatifolia? +
Corallina vancouveriensis -t-t ++
Corallina sp. ++ +
Bossiella chiloensis + +
@ o o ° ) () o )
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Table 111-1.2-14 (Continued).

()

) o

Detritus at Island Collection Sites

()

MAI NLAND SI TES

Gover nnent
1976

Bl OTl1 C_COMPOSI T1 ON AB

Poi nt
1977

Sumer Wnter

AB

Goleta Poi nt Corona del Mar

1976 1977 1976

Sumer Wnter Summrer
AB AB AB

San Diego
1976
Sunmer
AB

CLASS Angi osper mae
SUBCLASS Monocotyledones

Phyllospadix sp. ++

THE ALGAE
DI VI SI ON Chloxophyta

CLASS Chlorophyceae
ORDER Ulotrichales

Ent eronorpha intestinalis
Ulva californica +
U va lactuca
Ulva lobata +
U va sp. +

~ 17

Dl VI SI ON Phaeophyta
CLASS Phaeophyceae

ORDER Dictyotales

Dictyota flabellata
Zonaria farlowii
Dictyotales Sp.

+ 71

()
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Table I11-1.2-14 (Continued). Detritus at Island Collection Sites
|
| ! ISLAND SITES
San Miguel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 | 1976 1977 1976 1976 1976 1976 1976
Summer Summer W nter Sumer Sumer S e r Summer S umme r

BIOTIC COMPOSITION AB Al An AB AB AB AB AB
ORDER Ceramiales
(Cent 'd. )
Polysiphonia brodiaei? +
Polysiphonia decussata +
Polysilplionia hendryi var.

gardnerdi + + ++
Polysiphonia hendryi var.

hendryi 4 ++ + +
Polysiphonia pacifica var.

pacifica
Polysiphonia pacifical |
Polysiphonia scopulorum var.

villuw + +
Polysiphonia sp. +
Prerosiphonta batileyi ++ ++ +
Prerosiphonia pennata t
Pterochondria woodii var.

woodii ++ ++ + t
Amplisiphonia pacifica ++ + i + +
Chondria decipiens +
Chondria nidifica + +
Laurencia pacifica + 4+ i+ t
Laurencia snyderiae + + +
Laurencia sp. +t+ + +
Rhodomela sp . + +

() () o () () () () ) )
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) )

Tabl e

)

I11-1.2-14 (Conti nued).

)

Detritus at

)

Island Collection Sites

)

()

)

BIotTiC COVWPCSI TI ON

TSLAND S ITES

San M gue
1976
Summer
AB

AB

Santa Rosa
1976 1977
Summer W nter

AR

Santa Cruz
1976
Sumuier
AB

Santa Barbara
1976
Suwmmer
AB

San Nicolas
1976
s UHRE U

AB

Santa Catalina
1976
Summer

AU

san Clemente
1976
summe L
AR

ORDER GLGARTINALES
(Cent’ cl.)

Gymnogongrus leptophyllus
Gymnogongrus sp.
Stenogramue interrupta
Gigartina canaliculata
Gigartina corymbifera?
Gigartina papillata?
Gigartina spinosa?
Gigartina tepida
Gigarrina ap.

Rhodoglossum affine

T Fattad

+

++

++

++

ORDER Ce ramial es

Ceramium sp.
Microcladia boreulis
Callithamnion biseriatum
Callithamnion paschale
Cryptopleura crispa
Botryoglossum farlowianum
var. farlowianum
Rhodoptilum plumosum
Polysiplionia acumlnata
Pleonosporlum squarrosum

+
o+

++

++

)
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Table 111-1.2-14 (Continued). Detritus at Island Collection Sites
ISLAND SITES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Santa Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sunmer Summer W nter Summer Sunmrer Summey Summer Summer

BI0TIC COVPOSI TI ON AB AR AB AB AR AB AB AB
ORDER Crypt onemlales
(Cent’ d.)
Corallina vancouveriensis +
Corallina sp. + +
Boasiella californica spp.

californica + +
Bossiella chiloensis + +
Bossiella orbignilana +
Bossiella orbigniana asp.

orbigniana +
Bossiella plumosa +
Bossiella sp. ++ + + ++
Calliarthron sp. +
Haliprtylon gracile ++ + ++ ++ + +
Endocladia muricata + + + +
Carpopeltls bushiae +r
Prionitis Sp. ++ + +
ORDER Gigar tinales
Plocamium cartilagineum ++ 1 + +
Plocamium violaceum +
Plocamium sp. ++
{ir ac 4 Yartia varru co ga ++ 4

) ()




Table 111-1.2-14 (Continued). Detritus at Island Collection Sites

£CT-2" 1-I11

LSLAND STTES
San M guel Santa Rosa Santa Cruz Santa Barbara Suu Nicolas Santa Catalina Sai | Clemente
1976 1976 1977 1976 1976 19/6 1976 1976
Summer Summer W nter Summer S umme 1 S unine I S umme v S uune 1

BIOTIC COMPOSETION AB Al Aft AB AB AS AB Aft
DI VI SI ON Rhiodophyta
CLASS Banglophyceae
ORDER Bung.isles
Porphyra lanceolata? +
Porphyra perforata? -+ 44
Porphyra sp. + + +
CLASS Florideophyceae
ORDER Nemaliales
Gelidiuwm coulteri ++ 11 +
Gelidium purpurascens + + ++ ++ AR3 ++ +
Gelidium pusillum -t
Gelidium robustum t +
Gelidium sp. ++ + ++
Prerocladia capillacea +
ORDER Cryptonemiales
Lichotheix aspergillium + 1 H
Corallina offlcinalis A+
Corullina officinalis var.

chilensis + + +
Corallina piunatifolia? +
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Table 111-1.2-14

(Conti nued).

Detritus at Island Collection Sites

| SLAND 81tES
San M guel Santa Rosa Santa Cruz Santa Barbara San Nicolas Sunta Catalina San Clemente
1976 1976 1977 1976 1976 1976 1976 1976
Sumer Summer Winter Sunmmer Summer S e r S umuer Sutnex
BIOTIC COVPCSI TI ON AR AB AB AB AB AB AB AB
ORDER Scytosiphonales
Endarachne binghamiae +
Colpomenia sinuosa 4
OKRDER Dictyotales
Dictyota flabellata +
Pictyopreris undulata +
OKDER Laminariales
Macrocystis sp. ++
ORDER Fucales
Cystoseira osmundacea + 4
(N ) (] ) t) () t) ) )
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