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Abstract - Rocky intert idal community 
structure was investigated at a site on the east 
shoreline of Santa Barbara Island, California by 
quarterly sampling over a 2-1/2 yr period. 
Zonational patterns of the macrobiota were 
determined by cluster analysis using percent 
cover data obtained from permanent quadrats 
established during the initial site visit. The 
resultant taxonomic and descriptive ecological 
data are discussed herein. Despite the fact that 
the study area was located on the leeward 
(sheltered) side of the island and did not receive 
direct wave shock, zonation of the biota was 
shifted dramatically upward. This elevated 
zonation is hypothesized to be the result of a 
persistent wave surge produced by refraction of 
the prevailing northwesterly swell around the 
northern and southern ends of the island. 
Vertical distributions of the dominant species 
of macrophytes and macroinvertebrates were 
compared between Santa Barbara Island and 
similar leeward sites on Santa Catalina Island 
(moderate surge impact) and San Clemente 
Island (low to negligible surge). For all species 
examined, vertical ranges were highest at Santa 
Barbara Island, intermediate at Santa Catalina 
Island and lowest at San Clemente Island. 

Introduction 

Santa Barbara Island is the smallest of the 
islands off southern California and, because of 
its size, is especially vulnerable to human 
perturbation. The island has been protected by 
National Monument status since 1938 and 
National Park status since 1980. It has a rugged 
terrain and is exposed to the prevai l ing 
northwesterly winds and swell. Also, it is 
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isolated from the mainland and other islands; 
the nearest land mass is Santa Catalina Island, 
nearly 40 km away. Despite the unique character 
of the island, there are no published studies on 
the macrobiota of its rocky intertidal zone. The 
only related research (Nicholson & Cimberg 
1971) is a survey of subtidal macrophytes from a 
site on the east side of the island. 

The present paper is based on undisturbed, 
repetitively-sampled quadrat data collected over 
a 2-1/2 yr period at a site on the leeward side of 
the island. Details of this study are contained in 
chapters by Seapy & Littler (1977, 1978a and 
1979) from the annual project reports to the 
Bureau of Land Management (now Minerals 
Management Services), Outer Continental 
Shelf Program, U.S . Department of the 
Interior. Biogeographical analyses of the rocky 
intertidal biota from the Southern California 
Bight (Seapy & Lit t ler 1980, for macro-
invertebrates; Murray et al. 1980, for 
macrophytes) also utilized this data base. These 
studies concluded that Santa Cruz Island had 
the strongest faunistic and floristic affinities 
with Santa Barbara Island. In turn, Santa 
Barbara and Santa Cruz Islands were 
intermediate between two southern islands 
(Santa Catalina and San Clemente Islands) with 
warm-water affinities and three northern and 
offshore islands (Santa Rosa, San Miguel and 
San Nicolas Islands, respectively) with cold-
water affinites. The species records that served 
as the basis for the study by Seapy & Littler 
(1980) are included in this volume (Seapy & 
Littler 1993). 

The study site on Santa Barbara Island was 
situated on the eastern side of the island, 
sheltered from the prevailing northwesterly 
winds and seas. In contrast with other sites 
investigated during the BLM Outer 
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Continental Shelf Program that also were 
located on the leeward sides of islands, 
zonation of the biota at Santa Barbara Island 
appeared to be shifted upward. This elevated 
zonation is hypothesized to result primarily 
from wetting of the shore by a persistent wave 
surge produced by refract ion of the 
northwesterly swell around the northern and 
southern ends of the island. Further, vertical 
ranges of component species would appear to 
be expanded secondari ly upshore by a 
reduction in desiccation stress, resulting from 
afternoon shading of the intertidal zone by 
steep cliffs located immediately behind the 
narrow shoreline. 

Study Area 

Santa Barbara Island is the smallest (2.6 km2) 
of the islands off the southern California coast 
(Phi lbrick 1967) and is distant from the 
mainland (about 61 km) and the other islands 
in the Southern Cal ifornia Bight; Santa 
Catalina Island (39 km to the east), San Nicolas 
Island (44 km to the southwest) and Anacapa 
Island (65 km to the northwest) (Fig. 1). The 
island is a marine terrace, sloping west to east 
with high vertical cliffs on its northern and 
western sides. 

Santa Barbara Island is part of the Channel 
Islands National Park, established in 1980 by 
the National Park Service. Although Indians 

Figure 1. Loca t ion of Santa Barbara Is land in the Southern California Bight and (inset) study area at Cave Canyon, Santa 
Barbara Island. 
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Figure 2. (A) Aerial photograph of study area on Santa Barbara Island. The diagonal indentation in the cliffs (upper center 
of photograph) marks Cave Canyon. (B) Northward view of shoreline at study site. Steep bluffs are located immediately 
shoreward of the narrow intertidal bench. The mouth of Cave Canyon is situated between the two bluffs. 
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used the island prior to the 1900's, they 
established no permanent sett lements. 
Livestock were allowed to graze and forage 
crops were raised on the island during the first 
quarter of this century. However, human 
impact has been limited since the establishment 
of the Channel Islands National Monument in 
1938. The island became an aircraft early-
warning outpost for the U.S. Navy during 
World War II, and in the 1950's the Navy used 
the island as a missile photographic tracking 
station. The National Park Service presently 
maintains a quonset hut and a primitive 
camping area on the east side of the island. 
Park Rangers perform the important service of 
educating visitors about preservation of the 
fragile terrestrial ecosystem. 

The study area is located on the east coast of 
the island (Fig. 1) at the mouth of Cave Canyon 
(33°28'43"N, 119001 '36"W). The rocky 
intertidal zone consists of a narrow, sloping 
bench 5-15 m in width that extends from the 
base of a 40-50 m high cliff to an abrupt dropoff 
into the subtidal zone (Fig. 2), at a tidal level 
between about +1.0 ft and -2.0 ft (relative to 0.0 
tidal datum at Mean Lower Low Water). The 
substrate consists of an irregular volcanic rock 
composed principally of andesitic tachylite 
vesicular lava (C. V. Robinson, pers. comm.). 

Although the study area was located on the 
east side of the island and, as a result, was 
sheltered from the predominant northwesterly 
winds and seas, a substantial wave surge 
(evident in the aerial photograph of the study 
area in Fig. 2A) was consistently present at the 
study site. Because the wave surge resulted 
from refraction of the northwesterly swell 
around both the northern and southern ends of 
the island, a longshore movement of the surge 
across the study site that came from both the 
north and south commonly was observed. 
Where the northerly and southerly surges 
converged, they reinforced each other, thus 
accentuating the height that the surge rose on 
the shore. These surge conditions made work 
on the lower portion of the intertidal bench 
either difficult or impossible. An extensive bed 

of kelp (  M a c r o c y s t i s p y r i f e r a ) was situated 
immediately offshore from the study area. The 
kelp bed appeared to dampen surface 
turbulence, but not to reduce the impact of the 
surge on the intertidal zone. Surge conditions 
prohibited access to the lower shore during 
winter (January) and spring (April) in 1976 
when surge height averaged about 6 ft (2 m). 
During winter and spring in 1977, the surge 
averaged about 4 ft (1.3 m) and made sampling 
of the lower shore difficult. Surge was minimal 
during summer, averaging 2 ft (0.6 m) and 2.5 
ft (0.8 m) for 1975 and 1976, respectively. The 
fall periods experienced intermediate surge 
conditions of 5 ft (1.5 m) and 2.5 ft (0.8 m) for 
1975 and 1976, respectively. 

Materials and Methods 

Species abundances (percent cover for 
macrophytes; percent cover and density for 
macroinvertebrates) were assessed by means of 
a stratified quadrat sampling design. Because 
the study area consisted of a narrow sloping 
bench, it was necessary to select several 
locations where the slope was gradual enough 
to accomodate an adequate length of transect 
line oriented perpendicular to the shoreline. 
Four such locations were chosen, ranging in 
length from 7 m on the North transect line to 
10 m on the South line. With reference to the 
mouth of Cave Canyon, the North transect line 
was situated 79 m to the north, the Middle 
North line was 7 m to the north within the 
small cove formed at the mouth of the canyon 
(Fig. 2B), and the Middle South and South 
lines were 19 m and 24 m, respectively, to the 
south along a relatively broad and uniformly 
sloping section of the shoreline (Fig. 2B). 
During the initial visit in August 1975, the 
North, Middle North and South transect lines 
were established. The Middle South line was 
added in November 1975. 

The upper end (0 m) of each transect line 
was established by permanently affixing an 
eyebolt in the substratum at a level on the 
shore above which marine macroorganisms 
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were absent. Each transect line was oriented at 
right angles to the shoreline and permanent 
quadrats were established at 1.0 m intervals 
along each line to the maximal distance down 
the beach where sampling could be 
accomplished. The precise location of each 
quadrat was marked by driving studs into the 
rock at the quadrat's center and one of the 
corners; usually the upper left. A plastic tie-
wrap was attached to the center stud to assist in 
subsequent relocation of each quadrat and to 
distinguish the center from the corner studs. 

The shore profile varied among the four 
transect lines. The North line had a relatively 
constant slope of 16° and extended downshore 
from +10.5 ft to a steep dropoff at about +1.0 ft 
into the subtidal zone. As a result the lowest 
permanent quadrat that could be sampled 
safely and consistently was at +2.0 ft. The 
Middle North line extended from +9.5 ft to 
+2.3 ft, below which the shoreline dropped off 
steeply. The upper half of the shore sloped 
evenly (about 20°), whi le the lower half 
consisted of a series of three platforms. The 
Middle South and South lines were located on 
an extended and relatively broad area. The 
Middle South line reached from +10.8 ft to 
+1.7 ft and sloped steeply (26°) along the upper 
one-fourth of its length, while the remainder of 
the line was at a 10° slope. The South line 
extended from +11.9 ft to +3.1 ft, with about a 
16° slope along its length. Seaward of the last 

quadrats on both the Middle South and South 
lines, the substratum dropped off precipitously 
into the subtidal zone. Due to the surge 
encountered on the lower shore, the lowermost 
quadrats were usually difficult to work even 
during minus tide periods. 

Site visits were made at approximately 
quarterly intervals in early August, early 
November, late January and early April during 
1975-1976 and 1976-1977. A single visit was 
made in early April 1978. During the first year 
of study the number of quadrats from which 
abundances of the macrobiota were censused 
increased from 30 during August 1975 to 39 in 
November 1975, but then decreased to 30 in 
both January and April 1976. The reduction in 
number of quadrats sampled in January and 
April was due to the presence of the extremely 
heavy surge conditions discussed above. 

For the determination of species abundances 
as a function of tidal height (methods described 
below), the quadrats were grouped into 1.0 ft 
tidal intervals (Table 1). Due to the steep slope 
of the upper beach, the +11.0 to +11.9 ft 
interval was represented by only one quadrat. 
To increase the number of replicates in this 
tidal interval to three, two quadrats were added 
1.0 m away from, and at right angles to, the 
second highest quadrat on the Middle South 
line during the initial visit of the second year of 
the study (August 1976). Similarly, a quadrat 
was positioned 1.0 m to the south of the second 
lowest quadrat on the Middle North line to 
increase the number of replicates in the +2.0 to 
+2.9 ft tidal interval from three to four. After 
these quadrat additions, a total of 43 
permanent quadrats were available. During the 
1976-1977 and April 1978 site visits, all 43 
quadrats were sampled, except for August 1976 
when 41 were utilized. Over the course of the 
study a grand total of 352 quadrats were 
assessed. 

During each site visit the quadrats were 
censused for macrophyte cover and for 
macroinvertebrate cover and density by 
methods summarized below. Further details are 
given elsewhere (Seapy & Litter 1978b; Littler 
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1980). In the field, each quadrat was 
photographed with Kodachrome color 
transparency film (ASA 64) and Kodak infrared 
film. Field sketches were made of the 
distribution of each algal species in each quadrat 
as an aid to the subsequent determination of 
percent cover in the laboratory by a point-
intercept method from the projected quadrat 
photographs. The infrared slides were 
particularly useful in determining the presence 
of blue-green algae (Cyanobacteria) and aided 
in discrimination of the different species of 
Rhodophyta which could not be separated in 
the color slides. Invertebrate densities were 
determined visually in the field and recorded 
directly on waterproof paper. Percent cover of 
invertebrate taxa was determined in the 
laboratory by the point-intercept method at the 
same time that algal cover was assessed. 

Abundances of the various taxa were tabulated 
by quadrats and the quadrats were subsequently 
arranged into 1.0 ft tidal intervals. Mean 
abundances of each taxon were then computed 
for each tidal interval for use in plotting kite 
diagrams of taxon abundance as a function of 
tidal height. For each taxon, the mean abundance 
values for each tidal interval were summed and 
then divided by the total number of tidal 
intervals sampled to obtain grand mean 
abundance values for each taxon during each site 
visit. Patterns of zonation were determined 
objectively by cluster analysis of the quadrat 
samples during each site visit using the percent 
cover data for the macrophytes and macro-
invertebrates. Dominant cover organisms in each 
cluster group were then selected to characterize 
each zone identified by the cluster analysis. 

Difficulties were encountered in distin 
guishing certain closely related taxa in the field 
and abundance data were therefore combined. 
For the macrophytes two species of Gelidium 
(G. coulteri and G. pusillum) were combined. 
Among the invertebrates the small barnacles 
Chthamalus fissus and C. dalli, the chitons 
Nuttallina fluxa and N. californica and the 
bivalves Septifer bifurcatus and Brachidontes 
adamsianus were combined. 

Results 

Taxonomic Composition of the Macro-
biota: Over the course of the study a total of 
195 taxa were sampled, of which 91 were 
macrophytes (Table 2) and 104 were 
macroinvertebrates (Table 3). The majority of 
the macrophytes were Rhodophyta (59 taxa), 
followed by Phaeophyta (20) and Chlorophyta 
(8). The macroinvertebrates were dominated 
by the Mollusca (51 taxa), of which 35 were 
Gastropoda, 10 were Bivalvia and 6 were 
Polyplacophora. The Crustacea included 15 
taxa, followed by the Porifera (11), Ascidiacea 
(8), Cnidaria (8) and Echinodermata (7). 

Abundance of Taxa: Averaged over the 
tidal intervals sampled and as a grand mean for 
the 9 site visits, blue-green algae (Cyano
bacteria) contributed the greatest areal 
coverage (49.0%) in the intertidal zone (Table 
4); all other taxa averaged less than 8.0% cover. 
Blue-greens dominated cover because: 1) the 
component microscopic filaments form a mat 
of variable thickness over the rocky substratum 
as well as over the calcareous shells and plates 
of molluscs and barnacles and 2) the presence 
of even a thin layer of blue-greens was 
detectable by the infrared photographs. In the 
upper intertidal zone where macroscopic algal 
cover is low to absent, blue-greens commonly 
approached 100% cover over the available 
surfaces. Lower on the shore the presence of 
high macrophyte cover, combined with the 
grazing activities of gastropods and chitons, 
reduced blue-green cover to low levels. 

Macrophyte cover was dominated by 
coralline algae, with a combined average of 
19.3% (Table 4). The articulated corallines, 
Corallina officinalis var. chilensis (7.6%), C. 
vancouveriensis (4.2%) and Bossiella orbigniana 
dichotoma (1.0%), contributed a greater total 
cover (10.9%) than the crustose taxa (6.5%), 
which included Lithophyllum proboscideum 
(5.3%) and Hydrolithon decipiens (1.2%). Two 
species of large brown algae, Halidrys dioica and 
Egregia menziesii, were abundant on the lower 
shore, with average cover values of 5.7% and 
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2.4%, respectively. Cover by the latter species 
dropped dramatically between August 1975 
(10.9%) and January 1976 (1.5%) and had not 
recovered by the end of the study (0.3% in 
April 1978). During both 1975-1976 and 1976
1977, the abundance of E. menziesii went from 
a high level in the fall to a low level in the 
spring. This pattern of seasonal decline 
undoubtedly is the result of a loss of stipe tissue 
during the physically-stressful winter periods 
and a subsequent recovery between spring and 
fall. Among f leshy red algae, Gigartina 
canaliculata (3.8%) and Rhodoglossum a f f i n  e 
(2.0%) were the only taxa that averaged more 
than 0.7% cover. Like E. menziesii, Iridaea 
cordata var. cordata declined from an initial high 
cover (2.4% in August 1975) to low cover 
(0.9%) in January 1976, and never recovered 
after that. Ephemeral red algae, Ceramium spp., 
showed an interesting pattern of a high spring 
abundance during all three years of the study. 

Only 13 taxa of macroinvertebrates averaged 
0.1% cover or greater (Table 5). In terms of 
percent cover, sessile forms were dominant, 
with a combined total of 12.6% for 8 taxa. For 
the mobile invertebrates, the 6 top-ranked taxa 
contributed a total of only 1.3% cover. The 
most important sessile forms were barnacles, 
which totaled 6.4% cover, and consisted of 
Chthamalus fissus / C. dalli (3.3%), Tetraclita 
rubescens (2.1%) and Pollicipes polymerus (1.0%). 
Bivalves totaled 4.7% cover and included 
Cha?na arcana (2.8%) and Mytilus californianus 
(1.9%). Gastropods, anthozoans and 
polychaetes were represented by single sessile 
species; Petaloconchus montereyensis (0.7%), 
Anthopleura elegantissima (0 .5%) and 
Phragmatopoma californica (0.3%), respectively. 
Among the mobile macroinvertebrates only the 
sea urchin Strongylocentrotus purpuratus (0.7%) 
and the small, but numerous, littorine snail 
Littorina keenae (0.3%) contributed cover that 
averaged greater than 0.1%. 

The macroinvertebrate taxa occurring in 
highest densit ies (Table 6) were sessile 
barnacles, which totaled 2,109 individuals m-2 

and included Chthamalus fissus / C. dalli (1,389 

m-2), Tetraclita rubescens (545 m-2) and Pollicipes 
polymerus (175 m-2). One gastropod, 
Petaloconchus montereyensis (324 m-2) and four 
bivalves, Mytilus californianus (151 m-2), Chama 
arcana (42 m-2) and Septifer bifurcatus / 
Brachidontes adamsianus (22 m-2) were also 
important numerically. The remaining taxa 
were mainly mobile gastropods that totaled 617 
m-2 and included 10 species, the most abundant 
of which were Littorina keenae (324 m-2), 
Siphonaria brannani (70 m-2), Macclintockia 
scabra (62 m-2), Lottia pelta (21 m -2) and 
Littorina scutulata (21 m-2). A long-term pattern 
of increase was shown by Littorina keenae, 
which increased steadily over the course of the 
study from 63 m-2 in August 1975 to 469 m-2 in 
April 1978. A pattern of general decline was 
shown for M y t i l u  s californianus, from a high of 
257 m-2 in November 1975 to a low of 75 m-2 

in April 1977. By April 1978, however, M. 
californianus had recovered slightly (to 116 m-2). 

Community Structure and Vertical 
Zonation: The November 1975 site visit was 
selected for analysis of community structure 
because it provided the most complete set of 
quadrat samples (39) during the first year of 
study. The August visit was not used because of 
the low number of quadrats sampled; the 
Middle South transect line was not established 
until the November visit. The January and 
April visits represented incomplete data sets, 
since the lower shore quadrats were not 
accessible due to the heavy surge conditions. 
The dendrogram resulting from the cluster 
analysis for November indicates 6 major groups 
distinguished at a correlation coefficient level 
of 0.50 (Fig. 3). The locations of the quadrats 
comprising each group along the four transect 
lines are indicated in Figure 4A using the 
cluster group symbols from Figure 3. The 
quadrats have been repositioned in Figure 4B 
according to their tidal heights. Heavy dashed 
lines have been added to separate the quadrat 
groups and define vertical zones on the shore 
in Figure 4B. These zones occur at 
approximately the same tidal levels on each of 
the transect lines, although the zones are 
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Table 2. Macrophytes sampled at Cave Canyon, Santa Barbara Island between August 1975 and April 1978. Taxa present 

in transect samples (x) are distinguished from those collected in the vicinity of transect lines (c). 
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Table 4. Mean cover (%) of macrophyte taxa (averaged over all tidal intervals) at Cave Canyon, Santa Barbara Island from 
August 1975 to April 1978. Only those taxa are included whose long term (or grand) mean cover was 0.3% or greater. 

1975-1976 1976-1977 1978 Grand 
Taxon Aug Nov Jan Apr Aug Nov Jan Apr Apr Mean 

Blue-green algae (Cyanobacteria) 28.6 23.0 54.0 42.3 60.1 59.9 57.4 53.0 63.0 49.0 
Corallina officinalis var. chilensis 3.6 6.3 5.6 6.3 9.0 9.4 10.7 10.7 6.7 7.6 
Halidrys dioica 9.2 6.6 5.0 1.8 3.9 6.2 6.8 7.4 4.5 5.7 
Lithophyllum p r ob o s c i d  i um 3.6 4.7 5.4 2.7 4.1 6.1 7.9 7.3 5.6 5.3 
Corallina vancouveriensis 2.2 3.5 2.5 2.3 3.9 6.8 7.5 6.0 3.0 4.2 
Gigartina canaliculata 4.9 5.5 5.0 4.7 4.0 2.1 2.8 2.9 2.1 3.8 
Egregia menziesii 10.9 5.6 1.5 0.5 1.7 0.3 0.2 0.5 0.3 2.4 
Rhod o g l o s s  um a f f i n  e 1.3 1.3 1.0 2.2 2.4 2.0 2.8 3.2 2.0 2.0 
Hydrolithon decipiens 1.6 1.9 1.5 3.7 0.2 0.3 0.4 1.1 0.4 1.2 
Bossiella orbigniana dichotoma 1.4 2.6 0.3 0.3 0.7 1.1 0.5 0.6 1.4 1.0 
Laurencia pacifica 0.9 0.6 0.4 0.2 0.8 1.3 0.7 0.9 0.7 0.7 
Pterosiphonia baileyi 0.8 0.3 0.2 0.3 1.3 1.2 0.5 0.8 0.5 0.7 
Diplura simulans 0.1 0.1 <0.1 <0.1 0.9 1.3 1.1 1.8 0.9 0.7 
Gigartina spinosa 0.6 0.7 2.0 0.3 0.8 0.5 0.2 0.4 0.1 0.6 
Ceramium spp. 0.1 0.1 0.1 1.3 <0.1 0 <0.1 2.2 1.2 0.6 
Blue green colony <0.1 <0.1 <0.1 <0.1 0.1 0.9 1.0 3.0 0.1 0.6 
Iridaea cordata var. cordata 2.4 0.7 0.1 0.4 0.4 0.2 <0.1 0.1 0.1 0.5 
Gelidium coulteri 0.6 1.2 0.1 0.5 0.8 0.1 0.4 0.3 0.3 0.5 
Pseudolithoderma nigra 0.6 0.6 0.5 0.3 0.5 0.4 0.4 0.5 0.5 0.5 
Cylindrocarpus rugosus 0.3 0.6 0.4 0.3 0.4 0.4 0.8 0.9 0.1 0.5 
Endocladia mu r i c a t  a 0.6 0.7 0.4 0.9 0.4 <0.1 <0.1 <0.1 0.5 0.4 
Cryptopleura crispa 0 0.3 0 0.8 0.3 0.5 1.0 0.5 0.1 0.4 
Ralfsiacea <0.1 <0.1 0.4 0.1 0.4 0.6 0.6 0.6 1.1 0.4 
P l o c am i  um violaceum 0.1 0.1 0.2 <0.1 0.3 0.3 0.4 0.4 0.6 0.3 
Pachydictyon coriaceum <0.1 <0.1 0.6 0.2 <0.1 0.3 0.4 0.4 0.7 0.3 

shifted slightly higher on the South transect 
line, and the Zone I and II boundary on the 
Middle North line is extended somewhat 
downshore. 

Zone I extended highest on the shore and 
ranged from about +8 to +12 ft (Fig. 4B) and 
was characterized by very low macro-
invertebrate cover. Among the quadrats 
comprising the A cluster group, only the 
littorine snail Littorina keenae and, lower in the 
zone, the small acorn barnacle Chthamalus fissus 
/ C. dalli were conspicuous, averaging 0.3% and 
1.5% cover, respectively. The low cover value 
for L. keenae is misleading, however, since these 
small snails occurred in high density among the 
A quadrats, averaging 95 m-2. 

Zone II, between about +5 and +8 ft, was 
defined by the large cluster group B (Figs. 3 
and 4B). The most conspicuous species in this 
zone were suspension-feeding macro-
invertebrates, including the bivalve Mytilus 

californianus (7% mean cover among the 
quadrats in the B cluster group) and the 
barnacles Chthamalus fissus / C. dalli (12%) and 
Tetraclita rubescens (6%). The stalked barnacle 
Pollicipes p o l y m e r  u  s (1%), which is associated 
with M. californianus, occurred in higher 
densit ies in the next zone. Among the 
macrophytes, only two, Endocladia muricata 
(3 % mean cover) and Corallina officinalis var. 
chilensis (3%), were moderately conspicuous in 
this zone. Chthamalus fissus / C. dalli, E. 
muricata and T. rubescens were maximally 
abundant in the center of this zone, while M 
californianus occurred in highest density lower 
in the zone (Fig. 5). 

Zone III was represented by the C cluster 
group and extended from about +4 to +5 ft 
(Fig. 4B). Cover in this zone was dominated by 
Corallina officinalis var. chilensis (mean of 29%), 
Chama arcana (26%) and Pollicipes polymerus 
(4%). Several of the s u s p e n s i o n  - f e e d i n g 

284 



Table 5. Mean cover (%) of macroinvertebrate taxa (averaged over all tidal intervals) at Cave Canyon, Santa Barbara Island 
from August 1975 to April 1978. During initial visit in August 1975, percent cover was not enumerated (NE) for several 
species of tube-dwelling gastropods and polychaetes. Only those taxa are included whose long term (or grand) mean cover 
was 0.1% or greater. 

1975-1976 1976-1977 1978 GranGrandd 
TaxoTaxonn Aug Nov Jan Apr Aug Nov Jan Apr Apr MeaMeann 

Chthamalus fissus/C. dalli 2.5 4.3 2.8 2.6 5.6 3.5 2.7 4.0 1.3 3.3 
Chama arcana 1.3 3.5 3.8 3.6 1.7 2.5 3.9 4.6 0.3 2.8 
Tetraclita rubescens 2.1 2.0 1.8 1.2 2.9 2.4 2.4 2.2 2.2 2.1 
Mytilus californianus 4.0 2.8 2.2 2.8 2.0 1.3 0.9 0.9 0.8 1.9 
Pollicipes polymerus 0.7 0.7 0.6 1.1 1.1 1.1 1.2 1.2 1.3 1.0 
Petaloconchus montereyensis NE 1.3 1.1 0.6 0.3 0.5 0.8 0.8 0.5 0.7 
Strongylocentrotus purpuratus 1.2 0.6 1.0 0.5 0.3 0.3 0.6 0.8 0.7 0.7 
Anthopleura clegantissima 0.3 0.3 0.6 0.5 0.4 0.4 0.8 0.6 0.7 0.5 
Littorina keenae 0.2 0.2 0.1 0.2 0.4 0.3 0.6 0.5 0.2 0.3 
Phragmatopoma californica NE 0.3 0.1 0.1 <0.1 0.5 0.3 0.3 0.4 0.3 
Siphonaria brannani 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 
Macclintockia scabra 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.1 <0.1 0.1 
Nuttallina fluxa /N. californica 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.1 <0.1 0.1 

invertebrates from Zone II ranged downward 
into Zone III, including Mytilus californianus 
(11%), Tetraclita rubescens (3%) and P. 
polymerus. Two macrophytes, Gigartina 
canaliculata (13%) and Corallina vancouveriensis 
(4%), contributed lower average cover than C. 
officinalis var. chilensis in this zone, but became 
important lower on the shore (Fig. 5). 

Zone IV, characterized by the D cluster 
group, ranged from about +3 to +4 ft (Fig. 4B) 
and was dominated the macrophytes Gigartina 
canal i cu la ta (43%), Corallina officinalis var. 
chilensis (16%), C. vancouveriensis (14%), 
Egregia menziesii (13%) and Halidrys dioica 
(13%) (Fig. 5). 

Zone V was defined by cluster group E and 
extended downshore from about +3 ft (Fig. 4B). 
Like Zone IV, this zone was dominated by 

Microphyte cover, although the colonial sand-
tube polychaete Phragmatopoma californica (7% 
mean cover) occurred in moderate density (Fig. 
5). A number of algal species were abundant 
here and included Halidrys dioica (30%), Egregia 
menziesii (24%), Bossiella orbigniana d i c h o t o m  a 
(13%), Corallina vancouveriensis (10%) and C. 
officinalis var. chilensis (8%). 
In the cluster analysis (Fig. 3) the single 
quadrat at meter 7 on the North transect line 
defined a separate cluster group (F). The 

exclusion of this quadrat from the E cluster 
group was due to the high percent cover of 
Egregia menziesii (63%). Because the abundance 
of E. menziesii declined precipitously after this 
site visit, subsequent cluster analyses grouped 
this quadrat with the E group. For this reason 
the creation of a separate zone represented by 
this single quadrat was deemed unjustified. 

Discussion 

The most striking feature of the rocky 
intert idal zone on the east side of Santa 
Barbara Island was the apparent effect of the 
pers istent wave surge on the species 
composition and vertical zonation of the 
biota. Suspension-feeding invertebrates 
(pr imar i ly barnacles, bivalves and tube-
dwelling polychaetes) were abundant, despite 
the fact that the study area was located on the 
leeward side of the island and received no 
direct wave shock. Seapy & Littler (1978b) 
and others (e.g., Lewis 1964; Stephenson & 
Stephenson 1972) have reported that 
suspension-feeding invertebrates become 
abundant on shorelines exposed to direct wave 
shock, while these species decline in density, 
exist lower on the shore, or simply do not 
occur in sheltered habitats. 

The unusual nature of the study area on 
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Table 6. Mean density (number of individuals m-2) of macroinvertebrate taxa, averaged over all tidal intervals, at Cave 
Canyon, Santa Barbara Island from August 1975 to April 1978. During initial visit in August 1975, tube-dwelling 
gastropods and polychaetes were not enumerated (NE). Only those taxa are included whose long-term (or grand) mean 
density was two or more individuals m-2. 

1975--1976 1976-1977 1978 GranGrandd 
TaxoTaxonn Aug Nov Jan Apr Aug Nov Jan Apr Apr MeaMeann 

Chthamalus
Tetraclita

 fissus /C. dalli 
rubescens 

708 
207 

1277 
352 

2376 
439 

1539 
404 

1539 
764 

974 
574 

856 
546 

1015 
961 

2219 
661 

1389 
545 

Littorina keenae 63 270 317 312 381 344 377 382 469 324 
Petaloconchus montereyensis 
Pollicipes polymerus 
Mytilus californianus 
Siphonaria brannani 
Macclintockia scabra 

NE 
148 
216 

20 
39 

239 
141 
257 

80 
103 

206 
100 
199 
134 

91 

278 
172 
183 
90 
75 

116 
202 
128 
82 
81 

258 
181 
104 
41 
63 

322 
179 

78 
57 
46 

328 
238 

75 
63 
52 

213 
212 
116 
60 
51 

272 
175 
151 
70 
67 

Spirorbis spp. 
Spirobranchus spinosus 
Nuttallina fluxa/N. californica 
Chama arcana 

NE 
NE 

16 
12 

65 
37 
56 
72 

28 
36 
4 4 
66 

41 
54 
56 
84 

3 
34 
38 
17 

29 
45 
40 
25 

72 
66 
31 
40 

108 
92 
44 
46 

100 
78 
59 
15 

62 
61 
43 
42 

Lottia pelta 
Septifer bifurcatus/Brachidontes
Littorina scutulata 

adamsianus 
9 
7 
4 

40 
45 
12 

24 
36 
24 

27 
37 
83 

31 
8 

13 

24 
12 
14 

30 
14 
9 

24 
20 
11 

17 
18 
15 

25 
22 
21 

Strongylocentrotus purpuratus 
Anthopleura elegantissima 
Fissurella volcano 

14 
10 
4 

23 
12 
12 

41 
14 
18 

13 
16 
11 

8 
6 

10 

15 
16 
10 

17 
14 
12 

18 
18 
13 

23 
21 
25 

19 
14 
13 

Ocenebra circumtexta 2 13 9 9 9 8 6 5 9 8 
Lottia strigatella 
Megabalanus californicus 
Cyanoplax h a r t w e g i  i 
Pachygrapsus c ra s s i p e s 
Balanus glandula 
Lottia digitalis 
Lottia limatula 

6 
0 
6 
4 
2 
3 
3 

3 
0 
8 
4 
2 
2 
4 

6 
3 
5 
2 
1 
5 
3 

12 
<1 

2 
3 
1 

<1 
3 

1 
2 
2 
5 
8 
2 

<1 

5 
3 
4 
6 
0 
4 
1 

4 
5 
1 

<1 
0 

<1 
<1 

6 
20 

3 
<1 

0 
<1 

2 

<1 
23 

5 
1 
1 
2 
1 

5 
5 
4 
3 
2 
2 
2 

Santa Barbara Island can be dramatized by 
comparing the vertical distributions of 
dominant cover organisms between Santa 
Barbara Island and sites from similar leeward 
locations on other islands investigated at the 
same time during the BLM's Outer 
Continental Shelf Program. The sites located 
on the northeast sides of Santa Catalina and 
San Clemente Islands were selected because 
they are comparable in exposure to the 
prevailing northwesterly swell. The intertidal 
zones at all three locations were narrow, with 
steep cliffs situated immediately shoreward of 
the intertidal benches. Thus, shading during 
late afternoon hours was approximately 
comparable at each locality. The Santa Catalina 
Island site was located on a headland at the east 
side of Big Fisherman's Cove and received a 
limited amount of wave surge from swells 

refracted around the north-west end of the 
island. The San Clemente Island site was 
located in Wilson Cove and largely was 
sheltered from wave surge. Thus, the three 
sites provided a gradient of wave surge 
exposure, ranging from high (Santa Barbara 
Island) to intermediate (Santa Catalina Island) 
to low (San Clemente Island). 

Kite diagrams for the dominant cover 
organisms at Santa Barbara, Santa Catalina and 
San Clemente Islands are given in Figures 6 
and 7. In all cases, vertical distributions were 
shifted downward on the shore, progressing 
from Santa Barbara to Santa Catalina to San 
Clemente Islands. The suspension-feeding 
bivalves Mytilus californianus and Chama arcana 
occurred lower on the shore and in very low 
abundance at Santa Catalina Island, whereas 
they were absent at San Clemente Island. 
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C O R R E L A T I O N C O E F F I C I E N T 

Figure 3. Cluster analysis dendrogram for all quadrats sampled in November 1975 at Cave Canyon, Santa Barbara Island. 
Quadrats are coded by number (meters downshore on each transect line, with 0 at top of line) and either N, M N , M S, or S 
(refering to North, Middle North, Middle South or South transect lines). 

Although the vertical distributions of the 
barnacles Chthamalus fissus / C. dalli and 
Tetraclita rubescens were lower on the shore at 
Santa Catalina and San Clemente Islands than 
at Santa Barbara Island, their abundances did 
not decrease dramatically like the bivalves. 
This result could be related to higher 
nutritional requirements by the bivalves 
supported by the increased water movement 
provided by the surge. 

The macrophytes Gigartina canaliculata and 
Egregia menziesii exhibited downward shifts in 
the vertical levels on the shore where their 
maximal abundances occurred (Fig. 7). 

Although the upper limits to the vertical 
distributions of Corallina officinalis var. chilensis 
(Fig. 6) and Halidrys dioica (Fig. 7) were at 
sequentially lower shore levels between the 
three sites, the abundance peaks for these two 
species were at the same vertical heights on 
both Santa Catalina and San Clemente Islands. 

The occurrence of two species of 
invertebrates from Santa Barbara Island were 
part icular ly noteworthy. The pulmonate 
limpet, Siphonaria brannani, ranked seventh in 
overall abundance among the invertebrates, 
averaging 70 individuals m-2 (Table 6). Among 
the 23 sites investigated during the BLM's 
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F i g u r e 4. Location of quadrats comprising cluster groups identified in Figure 3: A) along transect lines as a function of 

distance downshore (in meters) and B) along transect lines repositioned according to tidal heights. Dashed lines have been 

added to separate cluster groups and to define vertical zones on the shore. 

Outer Continental Shelf Program, we only 
recorded this species from the present study 
site and from Crook Point, San Miguel Island 
(Seapy & Litt ler 1992). During helicopter 
surveys of the northern Channel Islands, we 
observed low numbers of 5. brannani at the 
west end of Santa Rosa Island. According to 
Keen (1971:852), S. brannani "is characteristically a 

southern Californian form, reported at 
Cape San Lucas, Baja California, but not found 
there in recent years." This species was not 
included in the intertidal fauna of the Gulf of 
California by Brusca (1980), and the record 
from Cabo San Lucas could have been 
erroneous. Thus, it appears plausible that 5. 
brannani occurs only on the islands of the 
southern California Bight. The second species, 
the sea cucumber Pseudocnus californicus, was 
recorded from only two sites in the Southern 
California Bight; Cave Canyon, Santa Barbara 

Island and West Point, San Nicolas Island. 
This species has not been reported previously 
from north of Isla Santa Margarita in southern 
Baja California (M. Bergen, pers. comm.). 
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Figure 5 . Ver t i ca l d is t r ibut ions of dominan t cover o rgan i sms plotted as k i te d i ag r ams at Cave Canyon , Santa Barbara 
Island in November 1975. W i d t h s of kites represent mean abundances in each 1-f t t idal interval . Dashed l ines were added 
at the tidal levels ident i f ied in F i gu r e 4 to separate the five zones on the shore. 
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Figure 6. Comparisons of vertical distributions (as kite diagrams of percent cover) for four species of invertebrates and one 
species of macrophyte sampled at Cave Canyon, Santa Barbara Island (SBA) in November 1975, Big Fisherman's Cove, 
Santa Catalina Island (SCA) in November 1975 and Wilson Cove, San Clemente Island (SCL) in December 1975. Mean 
abundance data for each 1-ft tidal interval for Santa Catalina and San Clemente Islands from Littler (1977). 
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Figure 7. Comparisons of the vertical distributions (as kite diagrams of percent cover) for three species of macrophytes at 
Santa Barbara Island (SBA) in November 1975, Santa Catalina Island (SCA) in November 1975 and San Clemente Island 
(SCL) in December 1975. Mean abundance data for each 1 - f t tidal interval for Santa Catalina and San Clemente Islands from 
Littler (1977). 
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