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Abstract. — A total of 213 macrophyte taxa was identified from 21 rocky intertidal
sites in southern California, with 194 identified to the level of species, 14 to genus,
and 5 to family. Eight southern California taxa were added to distributional records
reported in the Marine Algae of California. The number of taxa ranged from 107
at Government Point, Santa Barbara County, to 51 at West Point, San Nicolas
Island. No significant differences (Mann-Whitney two-sample test) in number of
taxa were obtained between island and mainland or between sand-influenced and
sand-free intertidal sites. Similarly, no significant difference (Kruskal-Wallis non-
parametric ANOVA by ranks) was found in the numbers of taxa collected among
sites exposed to warm, intermediate and cold water masses. It appears that site-
specific combinations of environmental conditions determine species richness at
southern California intertidal sites rather than large-scale patterns in abiotic en-
vironmental parameters.

Southern California coastal waters are characterized by a rich flora of benthic
marine macroalgae and seagrasses. The relatively large coastal area, which includes
a total of ca. 917 km of shoreline distributed over a latitudinal range of only ca.
212 km, exhibits much variation in exposure to wave action, ocean water masses,
thermal regimes, and in substratum composition. This high degree of habitat
heterogeneity is believed (Murray et al. 1980; see also Abbott and Hollenberg
1976) to contribute strongly to the high diversity of macrophytes known to occur
in southern California waters.

Despite its taxonomic richness, knowledge of the southern California marine
macrophyte flora is still best described as being in the early stages of exploration
(see Murray 1974), Marine macroalgal floristics of southern California were ad-
vanced dramatically by Abbott and Hollenberg (1976) who provided taxonomic
descriptions, distributional data and taxonomic keys for 669 species of California
seaweeds. Unfortunately, little additional progress has been made in our taxo-
nomic understanding of southern California seaweeds since Abbott and Hollen-
berg’s (1976) classic work, and today floristic knowledge is poorly developed for
most of the southern California region. This is particularly true for the seaweeds
occurring on the relatively pristine and biogeographically important Southern
California Islands where taxonomic contributions during the last 12 vears have
been limited to species lists provided with ecological (Littler 1979) and geograph-
ical (Apt et al. 1988) surveys. This situation contrasts greatly, for example, with
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the considerable progress that has been made (e.g., Scagel ct al. 1986; Gabrielson
et al. 1987) in advancing our understanding of the systematics of the seaweeds of
northern Washington, British Columbia and southeast Alaska.

This paper provides lists of marine macroalgae and seagrasses collected from
21 southern California intertidal sites during the 1975-1979 ecological sampling
program sponsored by the U.S. Department of Interior, Bureau of Land Man-
agement (now referred to as Minerals Management Services). Previous versions
of these records have been used for distributional analyses of macrophytes oc-
curring in southern California waters (Murray et al. 1980; Murray and Littler
1981). However, the species lists generated for these sites are currently available
only in unpublished governmental reports. These distributional data for intertidal
seaweeds and seagrasses are of particular value considering the paucity of recent
floristic information on southern California macrophytes.

Methods

Marine macroalgae and seagrasses were collected from 21 rocky intertidal sites
located in southern California between Point Conception and the United States-
Mexico border (Fig. 1; Table 1). Seven stations were located on the mainland and
14 were established on the eight Southern California Islands or Channel Islands
which have been divided (Philbrick 1967) into Northern (San Miguel, Santa Rosa,
Santa Cruz, and Anacapa) and Southern (San Nicolas, Santa Barbara, Santa Cat-
alina, and San Clemente) groups. A minimum of one station was established on
each island, with seven stations located on members of the Northern and seven
on members of the Southern Channel Island groups.

Study sites encompassed the geographic extent of the southern California region
and consisted of areas representative of protected or semi-protected rocky shore-
line. Collections were not made at sites that received consistently heavy wave
action, such as characterizes much of the central and northern California coast
(see Ricketts et al. 1985) which receives direct exposure to ocean swells. Similarly,
sites varied as to the composition and stability of the substratum, and exposure
to ocean currents and seawater temperature regimes.

The study sites (Fig. 1; Table 1) were visited from one to several times between
July 1975 and July 1979. Macrophyte collections at each site were made over a
period of at least three days and included not only taxa found in ecological samples,
but also specimens of conspicuous forms observed in the vicinity of the study
areas. Details of the ecological sampling program including the visitation dates
for each site are provided elsewhere (Littler 1977, 1978, 1979, 1980a, b; Littler
and Littler 1985) and, hence, will not be described here.

Because only 12 of the 21 study sites were sampled throughout the year (summer,
fall, winter, spring), seasonally-occurring macrophyte taxa were likely missed at
the sites subjected to less intense seasonal sampling. Our observations at the 12
sites where seasonal sampling occurred suggest that relatively few intertidal mac-
rophytes are completely absent from the southern California shoreline during any
particular season. However, we did record significantly fewer numbers of taxa at
the 9 sites subjected to incomplete seasonal sampling (Crook Harbor, San Miguel
Island: Prisoner’s Harbor, Santa Cruz Island; South Coast and North Coast, Ana-
capa Island; West Point, San Nicolas Island; Catalina Harbor, Santa Catalina
Island; Northwest Coast, San Clemente Island; Paradise Cove, Los Angeles Coun-
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Fig. 1. Locations of the 21 rocky intertidal sites. Refer to Table 1 for numerical key to sites.

ty; and, Dana Point, Orange County) compared with the 12 sites where collections
were made throughout the year (65.0 = 9.4 vs. 84.8 = 13.8 S.D.; Mann-Whitney
two-sample test, U = 94.0, n, = 12, n, = 9, P < .01). Analyses of taxa numbers
using only data from the 12 sites where seasonal sampling was performed produced
statistical results identical to those where all 21 sites were considered. Conse-
quently, the numbers of taxa reported herein and employed in statistical com-
parisons are the “raw” recorded values and have not been weighted to reflect
sampling frequency.

Macrophyte collections generally were preserved in 3-5% Formalin-seawater
as suggested by Abbott and Tsuda (1985) and returned to the laboratory for
identification and processing. Specimens were identified by the authors; most
identifications were confirmed by Dr. Isabella A. Abbott, currently of the Uni-
versity of Hawaii. For selected macrophytes such as crustose algae and members
of taxonomically difficult genera (e.g., Cladophora, Ceramium, and Polysiphonia),
identification to the species level usually was not performed due to time con-
straints. Instead these specimens have been categorized under higher taxonomic
units, i.e., genus or family. Herbarium specimens of most taxa were prepared and
deposited in the U.S. National Herbarium, National Museum of Natural History,
Smithsonian Institution.

Results

A total of 213 taxa was identified from the 21 rocky intertidal sites, with 194
identified to the species level, 14 to the level of genus and 5 to the level of family.
A list of the taxa and the sites at which they were collected is presented in Table 2.
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Table 1. Names, locations, characteristics, and numbers of taxa for the 21 rocky intertidal sites.
Floristic affinities are derived from Murray and Littler (1981).

Sand or Number
Site Latitude and cobble of
number Site location longitude Floristic affinity influence  taxa

Island sites

1 San Miguel Island, 34°02'55"N cold yes 85
Cuyler Harbor 120°20008"W

2 San Miguel Island, 34°01'28"N cold no 62
Crook Point 120°22'43"W

3 Santa Rosa Island, 33°5331"N cold yes 78
South Point 120°06'31"W

4 Santa Cruz Island, 33°57'43"N intermediate no 89
Willows Anchorage 119°45'16"W

5 Santa Cruz Island, 34°01°14"N intermediate no 61
Prisoners Cove 119°41°'14"W

6 Anacapa Island, 34°00' 19"N warm no 77
South Coast 119°25'05"W

and

34°%00°24"N
119°24'38"W

7 Anacapa Island, 34°00'31"N Warm no 58
North Coast 119°24'21"W

8 San Nicolas Island, 33°12'54"N cold yes 98
Dutch Harbor 119°28'22"W

9 San Nicolas Island, 33°16'43"N cold no 51
West Point 119°34°41"W

10 Santa Barbara Island, 33°28°43"N intermediate no 92
Cave Canyon 119°01'36"W

11 Santa Catalina Island, 33°26'47"N warm no 91
Fisherman Cove 118°29'04"W

12 Santa Catalina Island, 33°25'42"N warm no 69
Catalina Harbor 118°30'42"W

13 San Clemente Island, 33°00'06"N warm no 79
Wilson Cove 118°33'03"W

14 San Clemente Island, 33°58'06"N warm no 80
Northwest Coast 118°34"18"W

Mainland sites

15 Government Point, 34°26'35"N cold yes 107
Santa Barbara County 120°27'06"W

16 Coal Oil Point, 34°24'27"N intermediate yes 95
Santa Barbara County 119°52°40"W

17 Paradise Cove (Malibu), 34°00'42"N intermediate yes 68
Los Angeles County 118°47'30"W

18 Whites Point, 33°43'11"N wartn yes 58
Los Angeles County 118°19'39"W

19 Corona Del Mar, 33°35'14"N warm yes 65
Orange County 117°51'54"W

20 Dana Point, 33°35'25"N warm yes 59
Orange County 117°42'44"W

21 Ocean Beach, 32°44'35"N warm no 80

San Diego County 117°15"15"W
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The number of taxa identified for each station varied from 107 (Government
Point, Santa Barbara County) to 51 (West Point, San Nicolas Island) and averaged
76.3 £ 15.5 S.D.; no particular relationship between the number of species col-
lected and the main abiotic features of the sites were apparent. Statistically sig-
nificant differences were not obtained either between island and mainland (76.4
+ 14.3 vs. 76.0 = 18.9; Mann-Whitney two-sample test, U = 51.0, n, = 14,
n, = 7, P > ,05) or between sites characterized (see Murray et al. 1980; Murray
and Littler 1981) as exposed to water masses of warm (71.6 = 11.5), cold (80.2
+ 21.2) and intermediate (81.0 £ 15.4) seawater temperatures (Kruskal-Wallis
nonparametric ANOVA by ranks, H = 1.85, df = 2, P = 0.60). Similarly, no
significant difference in numbers of taxa was obtained (Mann-Whitney two-sample
test, U =62.5, n, =9, n, = 12, P > .05) when comparisons were made between
sites identified (Littler et al. 1989) as mostly receiving exposure to seasonal sand
inundation or cobble movements (79.2 £ 18.0) and those essentially free of sand
or cobble influence (74.1 = 13.7).

Discussion

The results of this study significantly augment existing distributional records
of southern California macrophytes by providing lists of intertidal floras for 14
island and 7 mainland sites. Although floral lists for numerous southern California
mainland sites exist (e.g., Dawson 1959, 1965; Widdowson 1971; Nicholson and
Cimberg 1971; Thom and Widdowson 1978; Thom 1980), prior to our study
intertidal floras of island stations were known for only San Clemente (Sims 1974;
Littler and Murray 1975; Murray and Littler 1977), Santa Cruz (Seapy and Littler
1982; Apt et al. 1988) and San Nicolas (Caplan and Boolootian 1967, Littler et
al. 1983) Islands. Additionally, this study adds eight new taxa (specimens are on
file at the National Herbarium) to the list of algae known to occur in southern
California waters based on distributional data provided by Abbott and Hollenberg
(1976). Two of these (Ceramium viscainoense and Carpopeltis divaricata) are not
listed for the California flora by Abbott and Hollenberg (1976), but appear in a
list of algae collected from Santa Cruz Island (Apt et al. 1988). They represent
species that appear 1o have more southerly distributions. Each of the remaining
six taxa (Besa papillaeformis, Hymenena flabelligera, Mastocarpus jardinii, Mi-
crocladia borealis, Monostroma zostericola, and Porphyra lanceolata) are species
with more northerly, cold water distributional centers. These species appear in
southern California waters at sites most proximal to the colder waters of the
California Current, i.e., on San Miguel and San Nicolas Islands or at Government
Point. With the exception of Porphyra lanceolata, which was found in southern
California waters by Nicholson and Cimberg (1971), none of these taxa has ap-
peared in recent species lists (e.g., Widdowson 1971; Thom and Widdowson 1978;
Thom 1980; Apt et al. 1988) of southern California intertidal seaweeds.

Prior to our research, few studies of intertidal algae on the relatively isolated
offshore islands had been performed (see Murray 1974), Consequently, we antic-
ipated that our study, besides providing new, site-specific lists, would result in
numerous additions to the southern California flora and perhaps, several new
species. Although we generated new distributional records for individual islands,
our sampling program produced only eight additions to Abbott and Hollenberg’s
(1976) list of species occurring in southern California waters. This suggests that
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the list of intertidal macrophytes comprising the southern California flora likely
will expand only after careful biosystematic study. However, it is probable that
many species as yet unreported for southern California waters, particularly those
with distributional centers north of Point Conception, eventually will be identified
from subtidal habitats in southern California. Stewart (1984) has observed that
several species common in the low intertidal zone along central California shores
occur in deep subtidal sites in southern California, indicating that colder water
seaweeds can survive at more southerly latitudes by occupying deeper water
habitats. Her observations are supported by Lewbel et al. (1981) who found that
the shallow subtidal (ca. 20 m) fauna and flora of Cortes and Tanner Banks, two
seamounts located ca. 180 km west of San Diego, had close affinity with the cold
water, central California biota.

In examining the distributions provided in Table 2, in conjuction with our own
observations and information provided by Abbott and Hollenberg (1976) and
Abbott and North (1972), it is possible to identify seaweeds that serve as potential
indicators of cold or warm water intertidal habitats in southern California. Cold
water sites, such as those at Government Point and on San Nicolas and San
Miguel Islands, appear to support populations of seaweeds such as Analipus ja-
ponica, Fucus gardneri, Laminaria setchellii, Callithamnion pikeanum, Iridaea
cordata var. cordata, Neorhodomela larix, and Laurencia spectabilis. In contrast,
intertidal habitats of sites characterized by exposure to warm water masses, such
as occur for much of Santa Catalina and San Clemente Island, are often uniquely
characterized by populations of Colpomenia sinuosa, Dictyopteris undulata, Ei-
senia arborea, Endarachne binghamiae, Halidrys dioica, Sargassum agardhi-
anum, Zonaria farlowii, Chondria californica, Jania tenella, Laurencia shyderiae,
and Pterocladia capillacea.

The abiotic environmental features of greatest importance in determining the
abundances of macrophyte populations and the structure of macrophyte com-
munities in southern California intertidal habitats appear to be the frequency and
extent of sand scouring and accumulation on the rocky substratum, and the
thermal characteristics of the water masses to which a site is exposed (Littler, et
al. 1989). However, our analyses indicate that there is no relationship between
species richness and the thermal regime or the degree of sand influence for in-
tertidal sites in southern California. Additionally, species richness does not vary
significantly between island and mainland sites. These findings suggest that the
richness of rocky intertidal macrophyte floras in southern California is controlled
by site-specific factors and does not conform to patterns based on large-scale
gradients of abiotic environmental features or insular geographical position.
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