
A SYSTEMATIC STUDY OF CHONDRACANTHUS KUTZING 
(RHODOPHYCEAE) WITHA CONTRIBUTION TO THE MARINE FLORA OF 

TOMALES BAY, CALIFORNIA 

by 

Jeffery Ryan Hughey 

A thesis submitted to 

Sonoma State University 

in partial fulfillment of the requirements 
for the degree of 

MASTER OF ARTS 


in 


Biology 


Dr. Chris K. Kjeld en, 

Dr. John D. Hopklrk 

_J') LI.~.I_i-~ _______ _ 

Dat



Copyright 1995 

by Jeffery Ryan Hughey 


ii 




AUTHORIZATION FOR REPRODUCTION 

OF MASTER'S THESIS 


I grant permission for the reproduction of this thesis in its entirety, 
without further authorization from me, on the condition that the 
person or agency requesting reproduction absorb the cost and provide 
proper acknowledgment of authorship. 

DATE.. ______________/-IZ--Cf{;; _ 

Street Address 

City, State, Zip 

iii 



A SYSTEMATIC STUDY OF CHONDRACANTHUS KOTZING 
(RHODOPHYCEAE) WITH A CONTRIBUTION TO THE MARINE 

FLORA OF TOMALES BAY, CALIFORNIA 

Thesis by 

Jeffery Ryan Hughey 


ABSTRACT 


Purpose of the Study: 

Chondracanthus KUtzing is a common genus of the red algal 
family Gigartinaceae. Seven species are currently recognized to 
occur along the northeastern Pacific. Systematists have in the past 
and present held conflicting viewpoints as to the appropriate 
classification of these species. The purpose of this study was to 
verify the taxonomic treatments that have occurred in the recent 
literature and to delineate three species of Chondracanthus that 
occur within Tomales Bay, California. 

A survey of the seaweeds in Tomales Bay is long overdue. 
The only study to date was completed almost 25 years ago. A 
search for unique algae, including introductions, range extensions, 
and rare morphological forms of different species was the goal of 
this study. 

Procedure: 

Through field observations of a morphological cline of 
Chondracanthus californicus J. Agardh; C. exasperatus Harvey et 
Bailey; and C. spinosus (KUtz.) Guiry in Tomales Bay, transplantation 
of these three species to the exposed coast and to the inner portion 
of Tomales Bay, and analysis of restriction endonuclease patterns 
from the amplified internally transcribed spacers (ITS 1 and 2) of 
nuclear encoded rONA (5.85 region), answers to the interspecific 
classification of members of the Gigartinaceae can be adequately 
addressed. 

The algal flora of Tomales Bay was determined by temporal 
and spatial field studies at selected sites along the b~y. The . 
taxonomy of Egregia is studied using the same techniques applied to 
the Chondracanthus project. 
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Findings: 

. . A cline was found in Tomales Bay between three allopatrically 
distributed and morphologically distinct species: Chondracanthus 
californicus; C. exasperatus; and C. spinosus. The populations along 
~he bay ~howed a gradual change in the shape of the thallus, with 
intermediate forms between the three species. 

Transplants of Chondracanthus californicus, C. exasperatus, 
and C. spinosus to the exposed coast developed hemispherical 
papillae, a dark red color, and continuous margins. Plants 
transplanted to the inner portion of Tomales Bay developed spines on 
the margins, a dichotomously branching apophysis, and changed color 
to greenish olive. In addition, transplanted thalli to the bay that 
were covered with a light filtration mesh, showed that excess light 
was responsible for the color change that was observed in the three 
taxa from Tomales Bay. 

DNA was successfully extracted and amplified from fourteen 
populations of Gigartinaceae. The PCR product of all samples was 
approximately 770 bp long. Following amplification, it was digested 
with the four restriction endonucleases, Hinf 1 , Alu 1, Taq 1, and 
Rsa 1. The fourteen populations fell into six groups with respect to 
fragment patterns and the number of sites that were recognized by 
each enzyme. These groups are: Group 1Chondracanthus binghamiae, 
C. californicus, C. exasperatus, and C. spinosus from Tomales Bay; 
Group 2 Chondracanthus spinosus and C. asperifoliuS; Group 3 
Chondracanthus canalicu/atus and C. serratus; Group 4 
Chondracanthus harveyanus; Group 5 Chondracanthus armatus; 
and Group 6 Chondracanthus corymbiferus. 

A total of 126 species of Macro-algae were found in Tomales 
Bay, including 15 Chlorophyceae, 20 Phaeophyceae, and 91 
Rhodophyceae. New distribution limits are set for four species of 
algae from Tomales Bay, Centroceras clavu/atum (C. Ag.) 
Montagne, Fucus spira/is L., Gastroc/onium compressum (Hollenb.) 
Chang et Xia, and Gelidium vagum Okamura. In addition, 
Pogonophorella californica (J. Ag.) Silva was found growing in 
abundance at Marshall Beach as an epilithic alga. The siphonaceaous, 
green, and weedy alga, Codium fragile subsp. tomentosoides (van 
Goor) Silva is first reported for the bay. Egregia /aevigata was 
found at the type locality growing sympatrically with E. menziesii. 
Restriction patterns produced from the endonucleases Hinf 1 and Taq 
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1 were identical for two samples of E. menziesii but differed from 
one sample of E. laevigata. Transplants of E. laevigata to Bodega 
Head, Calif. after four months of growth did not change 
morphologically. 

Conclusions: 

A presence of a cline and results from transplants indicate 
that a single taxon is represented from the three species 
Chondracanthus californicus, C. exasperatus, and C. spinosus from 
Tomales Bay. Analysis of the ITS 1 and 2, and the S.8S region using 
restriction endonuclease patterns support the recognition of a single 
species in Tomales bay, and delineate selected Gigartinaceae into 
groups that are interpreted as species. Six species of 
Chondracanthus are verified to occur in the Pacific North American 
flora, including C. spinosus, C. canaliculatus, C. harveyanus; C. 
corymbiferus and two comb. nov., C. exasperatus (Synonyms: C. 
californicus and C. binghamiae) and C. armatus. 

The potential for interesting algal findings, as well as 
studying environmental thallus variation in the Tomales Bay, is 
apparent. Preliminary work including field studies, observations, 
and molecular DNA analysis on the genus £gregia (Phaeophyceae) 
su . og ition Of(r two species E. laevigata and E.~hLe 

Si ature 

MA Program: Biology 
Sonoma State University 
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INTRODUCTION 

Tomales Bay is a geologically distinctive and biologically diverse 

estuary located about 70 km north of San Francisco. It occupies a long, 

narrow rift valley between the Point Reyes Peninsula and Bolinas Ridge 

resulting from downwarping along the San Andreas fault. It is 20.39 km 

long with a width varying from 658 to 2,651 m. The average depth of 

water is 3.7 m and the greatest depth is 18.6 m (Smith and Johnson, 

1971). The surface salinity averages about 32 0/00 at the mouth and 1 5 0/00 

at the head of the bay (Smith et al. 1971). The water temperature 

'fluctuates depending upon the season, but typically increases gradually 

from the mouth to the inner part of the bay. Temperatures range from 

10°C near the mouth to 20°C near the head (Smith et aI., 1971). 

Unlike the fauna of Tomales Bay, the flora has received but scant 

attention. The check list published by Johnson et al. (1971) for the 

Tomales Bay region includes 99 species of macroalgae known to occur 

within the bay, comprising 19 Chlorophyceae, 18 Phaeophyceae, and 62 

Rhodophyceae. From a taxonomic viewpoint, one of the most difficult 

groups in the Tomales Bay flora is the genus traditionally known as 

Gigartina. In recent review of the family Gigartinaceae, Hommersand et 

al. (1993) excluded Gigartina from the Pacific coast of North America, 

distributing the various species in this area among the segregate genera 

Chondracanthus and Mazzaella. The difficulty in assigning individual 

populations of Chondracanthus within Tomales Bay to particular species 

suggested the need for studies more sophisticated than mere phenetiC 
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comparisions using gross morphological characters. To assess the role of 

environment on morphological variability, reciprocal transplantation was 

employed, involving populations along a morphological cline from the 

exposed outer coast to the protected inner bay, To assess the genetic 

component of morphological variability, comparisons were made in 

restriction endonuclease patterns among various populations. 
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INTRODUCTION TO SYSTEMATIC STUDIES 

IN THE GENUS CHONDRACANTHUS 

Members of this genus have cartilaginous thalli that are cylindrical 

or bladelike. The blades are ovate or lanceolate, and entire or dissected in 

varying degrees. The reproductive structures (cystocarps, spermatangia, 

and tetrasporangia) are located in wartlike outgrowths called papillae. 

The generic name Chondracanthus in fact means "with cartilaginous 

spines" (Greek khondros, cartilage + acantha, spine). 

The genus Gigartina was established by Stackhouse (1809: 55, 74) 

to accommodate the North Atlantic species G. pistillata (S. Gmelin) 

Stackhouse. Various 19th century authors (primarily J. Agardh, Harvey, 

and KOtzing) described about 70 species that were assigned to Gigartina 

(J. Agardh and Harvey) or to several segregate genera established by 

KOtzing, namely, Chondracanthus KOtzing (1843: 399), Chondrodictyon 

KOtzing (1849: 396), Mastocarpus KUtzing (1843: 398), and Sarcothalia 

KOtzing (1849: 739). These segregate genera were referred back to 

Gigartina by J. Agardh (1851: 260). In his review of the genus, J. Agardh 

(1899) recognized 69 species. Setchell & Gardner (1933), in a preliminary 

survey of Gigartina, treated KUtzing's segregate genera as subgenera and 

recognized 88 species. 

Consolidation of the numerous species attributed to the Pacific 

coast of North America was begun by Dawson (1961) in his account of the 

Gigartinaceae of Pacific Mexico. He recognized 17 species, to which he 

referred six others as synonyms. More important was his perception that 
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Gigartina armata J. Agardh (1899: 15; type locality: San Diego), G. 

echinata Gardner (1927: 335, pis. 63, 64; type locality: Santa Catalina 

Island), G. spinosa (KUtzing) Harvey (1853: 177) (Mastocarpus spinosus 

KUtzing, 1847: 24; type locality: Monterey Bay), G. eatoniana J. Agardh 

(1899: 11; type locality: California), and G. asperifo/ia J. Agardh (1899: 

15; type locality: Santa Barbara) "are variations of an exceedingly 

polymorphic complex that defies specific segregation." Dawson continued, 

"Indeed, even after one has set arbitrary limits for the characters he 

recognizes for identifying the plants under these several names, he has at 

the end a residue of specimens that cannot be assigned to any." This 

complex was treated as a single species, G. spinosa, by Abbott (1972) and 

Abbott and Hollenberg (1976). Kim (1976), after observing morphological 

variation in cultured G. exasperata Harvey et Bailey ('851: 371; type 

locality: opposite Fort Nisqually, Puget Sound, Washington) and studying 

the development of cystocarps and tetrasporangial sori, merged G. 

exasperata, G. spinosa, G. califarnica J. Agardh (1899: 39; type locality: 

Santa Cruz), G. harveyana (KUtzing) Setchell et Gardner (1933: 276) 

(Mastocarpus halVeyanus KUtzing, 1847: 24; type locality: Monterey), and 

G. corymbifera (KOtzing) J. Agardh (1876: 202 footnote) (Mastocarpus 

corymbiferus KOtzing, 1847: 24; type locality: Monterey). Abbott and 

Hollenberg (1 976) included G. californica in G. exasperata, but continued to 

recognize the other three species. 

Working with cultures, Polanshek & West (1977) showed that certain 

populations of Gigartina papil/ata (C. Agardh) J. Agardh comprise sexual 

plants that alternate with a tetrasporangial crust previously considered 
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an independent alga, Petrocelis. Because most species of Gigartina 

(including the type species) have isomorphic reproductive stages, those 

species with an alternation of heteromorphic stages appeared to warrant 

generic separation. Guiry and West (1983) showed that G. stellata 

(Stackhouse) Batters had a life history similar to that of G. papillata. 

Because G. mamillosus (Goodenough et Woodward) J. Agardh, which was 

designated the type species of Mastocarpus by Setchell and Gardner (1933: 

258), is a taxonomic synonym of G. stellata, it follows that Mastocarpus 

was ready to accommodate these species. Accordingly, Mastocarpus was 

reinstated by Guiry et al. (1 984) and assigned to its own family, the 

Petrocelidaceae, named for Petrocelis, the tetrasporangial stage. 

Based on detailed studies of the development of reproductive 

structures in a wide spectrum of the remaining Gigartinaceae, 

Hommersand et al. (1993) undertook a major taxonomic revision of the 

family. Most species previously assigned to Gigartina were reassigned to 

two of KUtzing's segregate genera, namely, Chondracanthus and 

Sarcothalia. Along the Pacific coast of North America, this included C. 

spinosus (KOtzing) Guiry, C. harveyanus (KOtzing) Guiry, and C. 

corymbiferus (KUtzing) Guiry. This treatment was supported by the 

results of DNA sequence analysis (Hommersand et ai., 1994), However, 

Hommersand et at (1993) decided not to reassign Gigartina exasperata and 

G. californica because both species lacked a clear delimitation from C. 

corymbiferus. Despite the specific uncertainty of these two species in 

the segregate genus, Hommersand et al. (1993) concluded that they are 

members of Chondracanthus. Therefore, in this paper these two species 
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and other synonyms in the genus Gigartina will be referred to as members 

of Chondracanthus. 

The following taxonomic questions will be tested: 1) Are the 

distinct populations of Chondracanthus californicus, C. exasperatus, and C. 

spinosus in Tomales Bay, three species or do they form a cline?; 2) Is 

the variability in shape and color of C. californicus, C. exasperatus, and C. 

spinosus related to position in Tomales Bay?; 3) Using restriction 

endonuclease patterns, are populations of Chondracanthus, including the 

three above, distinctive at the interspecific level? 



7 



CHAPTER 1 

CHONDRACANTHUS CALIFORNICUS, CHONDRACANTHUS 


EXASPERATUS, AND CHONDRACANTHUS SPINOSUS IN 


TOMALES BAY: THREE SPECIES OR A CLINE? 


Chondracanthus californicus, C. exasperatus, and C. spinosus are 

three apparently closely related species of Gigartinaceae occurring in the 

intertidal zone along the California coast. The three species have been 

distinguished by previous workers on the basis of shape and color of the 

thallus and shape, disposition, and density of the reproductive papillae 

(Setchell and Gardner 1933, Smith 1944, Dawson 1961, Abbott and 

Hollenberg 1976, and DeCew et at pers. comm.). The following 

compilation of characters is taken from these references. 

Chondracanthus californicus. Blades are brownish-red and generally 

obovate to lanceolate, with entire margins. Papillae are hemispherical 

and so densely distributed as to be nearly overlapping (Abbott and 

Hollenberg 1976, DeCew et aI., pers. comm.). 

Chondracanthus exasperatus. Blades are reddish-pink, orange, 

brown, or yellowish green and broadly lanceolate, with dentate margins 

(Harvey and Bailey, 1852). Papillae are elongate and randomly distributed 

(DeCewet al., pers. cornm.). 

Chondracanthus spinosus. Blades are greenish red, dull red or dark 

red (Dawson, 1 961 ) and divided or undivided, with entire or dentate 
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margins. If divided, the division may be dichotomous, pinnate or Irregular. 

Papillae, which are echinate, pedicellate, and coarse, are densely 

distributed. 

Plants matching the descriptions of these three taxa occur in 

abundance along the west shore of Tomales Bay, with a distinct 

distribution pattern. Plants matching the description of Chondracanthus 

californicus are found near the mouth of the bay, plants matching the 

description of the C. exasperatus are found near the center of the bay, and 

plants matching the description of C. spinosus are found in the inner bay. 

Observations of plants throughout the bay reveal many intermediate 

forms. The present study was conducted to test the hypothesis that the 

apparently distinct populations from the outer, central, and inner portions 

of the bay are part of a continuous morphological cline, with 

characteristic morphological features correlated with variation in 

features of the physical environment. 

Methods 

STUDY SITE. Tomales Bay is long, straight, shallow, and narrow. It 

faces northeast. There is a gradient in exposure to ocean waves in the 

outer portions. The western shore has a variety of substrate suitable for 

the attachment of algae, as well as stretches of muddy beach. 

SAMPLING. Eight sampling stations spaced at 2 km intervals were 

established along the west shore of Tomales Bay (fig. 1). Fifteen to 

twenty representative specimens were collected at each station on June 

13, 1994 (stations 1~4), July 7 (station 6 and 8), and July 9 (stations 5 
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and 7). Specimens were transported to Sonoma State University in water

tight bags and then pressed. Photographs were taken of the pressed 

specimens. Vouchers are stored at Sonoma State University herbarium 

(NCC). 

HERBARIUM EXAMINATION. The following species of Gigartinaceae 

that are pertinent to the understanding of the Tomales Bay plants were 

examined in NCC and the herbarium of the University of California at 

Berkeley (UC). In the following list, the names are those under which the 

specimens are stored. 

Gigartina armata: UC93863, UC980528, UC983968 

Gigartina asperifolia: NCC2376 

Gigartina binghamiae: NCC2378, NCC2385 

Gigartina californica. NCC149, NCC152, NCC411, NCC536, NCC757, 

NCC1024, NCC1025, NCC1026, NCC1027, NCC1028, NCC1029, NCC1031, 

NCC1032,NCC1682,NCC2094, NCC2345,NCC2491, NCC2503, NCC2549, 

NCC2783,NCC3020,NCC3134, NCC5318,NCC5428, NCCS562, NCC5824, 

NCC5884, NCC7009, NCC7147, NCC7189, NCC7206, NCC7365, NCC7547, 

NCC7551,NCC8086,NCC8183,NCC8290,NCC8370,UC335620,UC396680, 

UC496541,UC496555,UC536745,UC536748,UC536772,UC693887, 

UC693888,UC694029,UC751282 
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Fig. 1. Illustration of Tomales Bay, California showing the location at 

which Chondracanthus californicus, C. exasperatus, and C. spinosus 
populations occur. Collection stations for the study of a morphological 

cline are labelled, 1-8. Other locations that were relevant to this study 

are indicated by the symbol *. 
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Gigartina corymbifera: NCC53, NCC157, NCC773, NCC2088, NCC2098, 

NCC2257, NCC2653,NCC2717, NCC3128,NCC5632, NCC5780, NCC7159, 

NCC8375,UC1599635. 

Gigartina echinata: UC93842. 

Gigartina exasperata. NCCl 030, NCC1 046, NCC1048, NCC1695, NCC2S04, 

NCC2727, NCC3036, NCC5158,NCC5255,NCC5509,NCC7249, NCC7261, 

NCC7320,NCC7579,NCC8290,UC93788,UC93789,UC496567,UC496568, 

UC510686,UC547669,UC294542,UC489288,UC633286,UC1469248, 

UC1572190, UC1572l91,UC1572l92, UC1599637 

Gigartina franciscana: UC547720, UC547721, UC547722. 

Gigartina harveyana: NCC849, NCC2384, NCC2734, NCC2764, NCC2774, 

NCC2867, NCC7422, NCC7434, NCC7592 

Gigartina spinosa. NCC845, NCC1267, NCC2900, NCC5544, UC694055, 

UC482500, UC61 5630, UC1258520 (in UC as Chondracanthus spinosus) 

Results 

Examination of specimens from the different sampling stations 

confirmed the initial impression that the distribution of these algae is 

correlated with their form. At the outermost station (station 1), only 

plants characteristic of Chondracanthus californicus could be found. In 
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the central station (station 4), only plants characteristic of C. 

exasperatus could be found. At the innermost station, only plants 

characteristic of C. spinosus could be found. At the intervening stations, 

intermediate forms were present (Figs. 2 and 3). Simple inspection of the 

specimens shows that from station one to station eight margins become 

increaSingly irregular, papillae elongate, and thallus color lightens from 

dark red to yellowish green. From stations one through four there is an 

increase in marginal irregularity, elongation of papillae, and a decrease in 

density of papillae is pronounced. From stations five through eight there 

is an increase in the development of spiny branches, as the main axis 

narrows. 

Djscussion and Conclusions 

Although Chondracanthus californicus, C. exasperatus, and C. 

spinosus have been reported from Tomales Bay, and although individual 

plants can be found that are characteristic of these species, it seems 

likely, from this sampling study that only one species is present. 

The morphological changes that are evident may be the result of 

continuous variation in physical factors. The outer bay is more influenced 

by water motion than the inner. For the inner bay, ranges in salinity and 

water temperature are much greater and the lack of flushing may create 

reduced nutrient availability which may alter the growth and shape of the 

plants. In a study by Kim (1976), Chondracanthus corymbiferus was 

cultured under ideal conditions in which the only variable was 

temperature. He found that plants grown at 20°C after one month, 



Fig. 2a-d. Characteristic Chondracanthus thalli collected from 
stations 1-4 showing a cline (Tomales Bay, California). Fig. 2a. 
Typical C. californicus collected from station number 1. Lanceolate, 
with a continuous margin and hemispherical papillae, X 0.2. Fig. 2b. 
Thallus collected from station 2, possessing slightly lobed margins 
and one large proliferous bladelet, X 0.2. Fig. 2c. An alga collected 
from station 3. This blade has both hemispherical papillae, 
bladelets, and several elongate papillae, X 0.25. Fig. 2d. A specimen 
collected from station 4. Strongly characteristic of the species C. 
exasperatus. Most of the papillae are elongate, the color is light 
brown, and the margins are completely dentate, X 0.25. Circular 
holes in 2b-d were produced by the author. 



Fig. 2a-d. Characteristic Chondracanthus thalli collected from 
stations 1 -4 showing a cline (Tomales Bay, California), Fig. 2a. 
Typical C. californicus collected from station number 1, Lanceolate, 
with a continuous margin and hemispherical papillae, X 0.2. Fig.2b. 
Thallus collected from station 2, possessing slightly lobed margins 
and one large proliferous bladelet, X 0.2. Fig, 2c. An alga collected 
from station 3. This blade has both hemispherical papillae, 
bladelets, and several elongate papillae, X 0.25. Fig. 2d. A specimen 
collected from station 4. Strongly characteristic of the species C. 
exasperatus. Most of the papillae are elongate, the color is light 
brown, and the margins are completely dentate, X 0.25. Circular 
holes in 2b-d were produced by the author. 





Fig. 3a-d. Characteristic Chondracanthus thalli collected from 
stations 5-8 demonstrating the clinal variation (Tomales Bay, 
California). Fig. 3a. A specimen collected from station 5. The 
thallus is broad, possesses many small proliferations, and some 
pedicellate cystocarps, X 0.25. Fig. 3b. A plant collected from 
station 6. The blade is beset with an abundance of bladelets and the 
thallus appears to be somewhat aculeate, X 0.25. Fig. 3c. Collected 
from station 7, this seaweed is somewhat narrower, highly 
proliferous, as well as echinate, X 0.3 O. Fig. 3d. Chondracanthus 
spinosus collected from station 8 is highly echinate, typically has 
pinnate blade lets, and laciniate divisions. This is a female thallus 
and is especially echinate, X 0.25. 
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possessed dentate margins, while plants maintained at 1 SoC had entire 

margins. Since the temperatures in Tomales Bay and shape of the margins 

in C. californicus, C. exasperatus, and C. spinosus correlate with Kim's 

experimental results and temperatures, it is probable that the morphology 

of the central and inner bay plants is due to increased temperatures. 

The taxonomic question of whether other populations identified as 

Chondracanthus californicus, C. exasperatus, and C. spinosus seem to be 

likewise conspecific will be addressed following chapter 3, with 

additional evidence from transplantation studies and molecular analysis. 
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CHAPTER 2 

TRANSPLANTATION OF CHONDRACANTHUS CALIFORNICUS, 

CHONDRACANTHUS EXASPERA TUS, AND CHONDRACANTHUS SPINOSUS 

TO THE EXPOSED COAST AND TO THE INNER PORTION OF TOMALES BAY 

The taxonomic characters and distribution of Chondracanthus 

californicus, C. exasperatus, and C. spinosus in Tomales Bay are 

summarized in the introduction of chapter one (pg. 5), 

Because of the distinct distributions of Chondracanthus 

californicus, C. exasperatus, and C. spinosus in Tomales Bay, it is possible 

to study the morphological development of these species through 

reciprocal transplantation. In this study, young blades matching C. 

californicus, C. exasperatus, and C. spinosus were transplanted to the 

exposed coast (typical habitat of C. californicus) and the inner portion of 

Tomales Bay (typical habitat of C. spinosus). This study was conducted to 

test the hypothesis that plant shape and color is correlated with their 

location in Tomales Bay. 

Based on preliminary transplants of Chondracanthus to the inner 

portion of Tomales Bay, it was discovered that the plants changed color 

from dark red to greenish brown. Ultraviolet light was hypothesized to be 

the physical factor responsible for this color change. This hypothesis was 

tested by transplanting C. californicus that was covered with a light 

filtration mesh and uncovered C. californicus into the inner portion of 
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Tomales Bay. Observations were then recorded following a two week 

period. 

Methods 

SAMPLING. Chondracanthus californicus was collected from Agate 

Beach, Marin County on 8/8/94 for the exposed coast study and on 

7/13/94 for the Tomales Bay study. Chondracanthus exasperatus was 

collected from Nick's Cove, Marin County on 8/6/94 and 7/12/94, 

respectively. Chondracanthus spinosus was collected from Marconi, Marin 

County on 8/8/94 and 7/1 2/94, respectively. 

TRANSPLANTATION. Plants were transported to Sonoma State 

University in 1 5 liter carboys and then placed in aerated aquaria. Aquaria 

were maintained at 9°C under 40W cool white flourescence. Thirty..seven 

thalli of each species were tied to a 0.635 cm plexiglas plate (27.94 cm 

by 35.56 cm) using Berkely l' .34 kg test nylon fishing line. Each fishing 

string was approximately 7 cm in length and looped through two holes (2 

mm diameter). Thalli were secured the night before resubmergence into 

the inner portion of Tomales Bay at Marconi, Marin County or the exposed 

coast at Bodega Head. The plexiglas plate was secured with aquatic 

polyporoethylene rope that was threaded through a hole (1.5 cm diameter) 

in the center of the plate. Plywood identical in size and dimension was 

also threaded with the rope that rested on top of a round 30.48 cm 

diameter 5.08 cm thick slab of concrete and a 35.56 cm by 35.56 cm 

concrete square also 5.08 cm thick. The rope was fed through these 



18 

weights, wood, and plexiglas. At the end of each, several knots were made 

to ensure security. 

LIGHT FILTRATION MESH. One outplanting apparatus was covered 

with a 80% light filtration mesh and the other was not. Apparatuses were 

placed adjacent to each other in the lower intertidal in Tomales Bay at 

Marconi, Marin County, California. 

TRANSPLANTATION DATES. Two outplanting apparatuses were 

placed in the lower intertidal zone on Bodega Head at the Bodega Marine 

Laboratory (B.M.L.), Sonoma County on 8/10/94 and to the head of Tomales 

Bay at Marconi, Marin County on 7/14/94. Thalli were monitored weekly 

to remove epiphytes and herbivorous animals. Experimental transplants to 

Marconi ended on 10/4/94. Several thalli from the B.M.L. were 

photographed and returned to the intertidal on 9/18/94. On 9/22/94 one 

apparatus was no longer present in the intertidal at the B.M.L. The final 

apparatus was retrieved from the S.M.L. on 12/17/94. Vouchers were 

made from transplanted thalli and are available in the NCC. On 9/7/94, 

two outplanting apparatuses for the light filtration study, each with 

seven Chondracanthus californicus plants, were placed into Tomales Bay 

at Marconi, Marin County. Thalli were examined on 1 0/4/94 for color 

changes. No voucher specimens are available. 

Results 

Chondracanthus californicus that was transplanted to the inner 

portion of Tomales Bay developed irregular marginal and stipe spines, 

apophysis dichotomies, and changed color to greenish olive (Fig. 9). Thalli 
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that was transplanted to the exposed coast, developed into luxuriously red 

blades with a continuous margin as is typical of this species (Fig. 11). 

Chondracanthus exasperatus that was transplanted to the inner 

portion of Tomales Bay, became acutely beset with spines, dichotomously 

branched at the apophysis, and changed in color to greenish olive (Fig. 10). 

Plants transplanted to the exposed coast developed hemispherical 

papillae, a dark red color, and continuous margins (Fig. 12). 

Chondracanthus spinosus that was transplanted to the inner portion 

of Tomales Bay produced highly aculeate branches, possessed a 

dichotomously branching apophysis, and were greenish to olive in color 

(Figs. 14a and 14b). Some of the plants that were transplanted to the 

exposed coast developed hemispherical papillae, a dark red color, and 

continuous margins (Fig. 13). Others after 55 days of growth at the 

Bodega Marine Laboratory, had bladelets and reproductively pedicellate 

cystocarps. 

Two weeks after transplanting uncovered Chondracanthus 

californicus and C. exasperatus into the inner portion of Tomales Bay, 

thalli changed color to brownish green. However, plants contained within 

the light filtration mesh remained dark red and orange in color. 

Discussion and Conclysions 

Common garden experiments of suspected ecads is an effective way 

of testing phenotypic plasticity of a species and has been used in 

numerous algal studies (Foster' 982, Sheath and Cole 1980, Sundene 

1964). In this study, Chondracanthus californicus, C. exasperatus, and C. 



Figs. 8-10. 

Fig. 8. Chondracanthus harveyanus (Bodega, California) used for the 
RFLP analysis, X 0.30. 

Fig. 9. Three Chondracanthus califomicus thalli that were 
transplanted to the inner portion of Tomales Bay (Marconi, 
California), Note the spines that these specimens developed after 
transplantation, X 0.85. 

Fig. 10. Chondracanthus exasperatus thalli that were transplanted 
to the inner portion of Tomales Bay (Marconi, California). The spines 
that these specimens developed after transplantation are very 
similar to those of juvenile C. spinosus from Marconi, X 0.85. 





Fig. 11-14. 

Fig. 11. Chondracanthus californicus that was transplanted to the 
exposed coast (Bodega, California), X 0.40. 

Fig. 12. Chondracanthus exasperatus that was transplanted to the 
exposed coast (Bodega, California). Note similarity in thallus shape, 
color, and papillae morphology to that of Fig. 11, X 0.40. 

Fig. 13. Chondracanthus spinosus that was transplanted to the 
exposed coast (Bodega, California), X 0.40. 

Fig. 14a & b. Chondracanthus spinosus that was transplanted to 
Marconi, California, X 1.0. 
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spinosus were transplanted to two extreme habitats to test the 

phenotypic plasticity of the thallus in C. exasperatus, C. califomicus, and 

C. spinosus. Results indicate that the thallus shape of all three species 

is highly variable, and dependent upon the location in which the plants are 

growing. Plants attached in the intertidal on the exposed coast did not 

produce any proliferations and/or ceased to grow any additional spines 

(Figs. 11, 12, and 13). These plants also showed an abundance of 

overlapping papillae. Plants placed into the water in the inner portion of 

Tomales Bay, at Marconi, Marin County became proliferous and did not 

correspond to the shape of the plants from their original habitat (Figs. 9, 

10, 14a, and 14b). 

Results 'from the light filtration test support the hypothesis that 

excess light was responsible for the color change observed in thalli 

following transplantation to the inner portion of Tomales Bay. 

Although Chondracanthus califomicus, C. exasperatus, and C. 

spinosus have been reported from Tomales Bay, it appears that a single 

taxon is represented from the flora. In addition, because C. californicus 

used for the transplantation study was collected from a population of C. 

californicus at Agate Beach, Marin County, its possible that other 

populations of this species represent the same taxon found in Tomales 

Bay. This possibility is further tested in chapter three with an analysis 

of restriction endonuclease patterns. 
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CHAPTER 3 

RESTRICTION FRAGMENT LENGTH POLYMORPHISM ANALYSIS OF 


DNA IN SELECTED SPECIES OF GIGARTINACEAE 


Plants morphologically characteristic of ten species of 

Gigartinaceae were examined genetically using restriction fragment 

length polymorphism (RFLP) analysis of the internally transcribed spacer 

region (ITS 1 and ITS 2) of the nuclear encoded 5.8S rONA gene. The 

amplified PCR products, which were the same length in each of the ten 

species, were treated with four restriction endonucleases (Hinf 1, Alu 1, 

Taq 1, and Rsa 1) and then their patterns were analyzed. 

Materials and Methods 

DNA COLLECTION. Chondracanthus harveyanus (Fig. 8) and C. 

californicus were collected on 12/30/94 at the Bodega Marine Laboratory 

Horseshoe Cove, Sonoma County, California. Chondracanthus californicus 

was also collected at Fort Ross, Mendocino County, California on 2/14/95. 

Chondracanthus exasperatus thalli were collected at Nick's Cove and 

station 3, Tomales Bay, Marin County, California and C. spinosus was 

collected from Marconi, Tomales Bay, Marin County, California on 

12/30/94. Chondracanthus corymbiferus (Fig. 7) and C. exasperatus were 

sent by Max Hommersand in silica gel from Washington, the former from 

Indian Island collected on 6/10/94, the latter collected on 6/11/94 from 
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Neah Bay. Chondracanthus armatus (Fig. 6) was collected from near the 

"Marine Room", La Jolla, San Diego, California on 12/24/94 in drift. 

Chondracanthus spinosus (Fig. 4) and C. canaliculatus (Fig. 15) were both 

collected from Monterey, California, the former at Lover's Pt. on 4/23/95, 

and the latter (Fig. 15) at Pescadero Pt. on 8/12/95. Chondracanthus 

asperifolius (Fig. 16) was collected from Leadbetter Beach, Santa Barbara, 

California, along with C. binghamiae (Fig. 17) on 5/27/95 in drift. 

Chondracanthus serratus (Fig. 18) was collected by Chris Kjeldsen #8293 

on 3/27/89 at San Miguel Beach, Baja California. All thalli collected by 

the author were transported to Sonoma State University and placed in 15 

liter aquaria with aeration under cool white fluorescence 40W lights. 

Four hundred mg samples were then washed with distilled water and 

placed in -20°C until DNA extraction. Voucher specimens are available in 

the NCC herbarium. 

DNA EXTRACTION. Protocol for DNA extraction was similar to that 

of Lee and Taylor (1990). Two hundred mg frozen or silica-gel dried 

samples were ground in liquid nitrogen using a mortar and pestle until a 

fine powder was obtained. The powder was transferred to a 1.5ml 

eppendorf rnicrocentrifuge tube (two-thirds up the conical). Four hundred 

pi of a 50mM Tris-HCL (pH 7.2), 50mM EDTA, 3% SDS, 1 % 2

mercaptoethanollysis buffer solution was added. Tubes were shaken until 

the mixture was homogeneous and then incubated at 65°C for 1 hr. Two 

hundred JJI of 2.5M potassium acetate was then added and tubes were 

incubated on ice for 20 min. (Steane et at, 1991). This was centrifuged 

and the supernatant was pipetted off and placed into a new tube. Four 



Figs. 4-7. 

Fig. 4. Representative Chondracanthus spinosus (Monterey, 
California) used for the RFLP analysis, X 0.25. 

Fig. 5. Chondracanthus eatonianus (Santa Barbara, California) with 
characteristic cystocarpic elongated pinnae, X 0.20. 

Fig. 6. Chondracanthus armatus (La Jolla, California), this is a 
female plant that was used in the RFLP analysis. The specimen is 
highly branched and has the typicallaciniate upper blades that are 
characteristic of this species, X 0.25. 

Fig. 7. Chondracanthus corymbiferus (Bodega, California) used in the 
RFLP analYSiS, X 0.30. 





Figs. 15-1 8. 

Fig. 15. Chondracanthus canaliculatus (Monterey, California) used 
for the RFLP analysis, X 0.90. 

Fig. 16. Chondracanthus asperifolius (Santa Barbara, California) 

used for the RFLP analysis, X 0.20. 

Fig. 17. Chondracanthus binghamiae (Santa Barbara, California) used 
for the RFLP analysis, X. 0.15. 

Fig. 18. Chondracanthus serratus (San Miguel, Baja California) used 

for the RFLP analysis, X 0.80. 
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hundred /JI of chloroform and then phenol was added followed by shaking 

each tube for 30 sec. Samples were then centrifuged for 15 min. at 5,000 

x g. The aqueous phase was removed and placed in a new tube where the 

final conca was adjusted to 300/J1. Ten J,JI of 3 M NaOAc was added to each 

sample, then followed by brief shaking of the tubes. Fifty-four percent of 

-20°C isopropanol was added to each tube and then agitated. The 

precipitated DNA was then spun down as above for 2 min. Isopropanol was 

poured out of the tubes and followed by a wash with 2001-11 of 70% ethanol. 

The wash was also spun down as above for 2 minutes. The ethanol was 

poured off and the tubes were placed on a paper towel for 1 min., then 

placed in a vacuum at room temp. for 1 5 min. The remaining pellet was 

resuspended with 100J,J1 of distilled water and then placed in the freezer 

at ..20°C until amplification. 

DNA AMPLIFICATION. Protocol was similar to that used by Molina et 

at (1994). Reactions were carried out in 50 J,JI volumes using 5 111 of 10x 

reaction buffer, 3 J,JI of 2SmM magnesium chloride, 26/.11 of template 

(diluted extraction product 10: 1), 5 J,JI of each primer (..... 25 pmol of each 

primer), S J.l1 of 200 J.lM dNTPs, and 2.5 units of Taq Polymerase from 

Promega Corporation. This was overlaid with 40 J,JI of sterile mineral oil. 

The temperature-cycling protocol was 95°C at 5 min., followed by 30 

cycles of 95°C for 30 sec., SsoC for 30 sec., and 72°C for 1 min., with a 

final extension at 72°C for 5 min. Forward (ITS 1) and reverse (ITS 4) 

primers were synthesized by SDSU Microchemical Core Facility. ITS 1 

reads S' TCCTCCGCTTATTGATATGC and the reverse primer was 5' 

TCCGTAGGTGAACCTGCGG. Primers were HPLC purified by SDSU. 
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RESTRICTION FRAGMENT LENGTH POLYMORPHISM. The recipe 

was adopted from Molina et al. (1994). Eight pi of the amplified product 

was added to a 20 pi reaction tube along with 2pl of 10x reaction buffer, 

2 pi of enzyme, and 8 pi of distilled water. Twenty five pi of sterile 

mineral oil was layered over the reaction ingredients. The enzymes Hinf 

1, Alu 1, Taq 1, and RSA 1 were purchased from Pro mega Corporation. The 

enzyme Msp 1 was substituted for Alu 1 for the Chondracanthus 

serratus/C. canaliculatus analysis. All digestions were carried out for 1 

hr. except for Alu 1 being 1 2 hours. 

GEL PROTOCOL. DNA product was separated on 1.5% agarose O.SX 

TBE (Ausubel, 1992) 60 ml agarose gels, at 81 Volts for 4 hrs using BRL 

Horizon 58 gel apparatus. Gels were stained with ethidium bromide for 1 5 

minutes followed by destaining in distilled water for 5 minutes. Gels 

were examined with a Spectroline UV transilluminator. Photographs were 

taken with a Polaroid MP 3 land camera with Polaroid 55, 4 X 5 black and 

white professional film. 

Results 

DNA was successfully extracted and amplified from fourteen 

populations of Gigartinaceae. The PCR product of all samples was 

approximately 770 bp long. Following amplification, it was digested with 

the four restriction endonucleases, Hinf 1, Alu 1 t Taq 1, and Rsa 1 (Figs. 

19-23). The fourteen populations fell into six groups with respect to 

fragment patterns and the number of sites that were recognized by each 

enzyme (Table 1). 
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Group 1 (Chondracanthus binghamiae, C. ca/ifornicus from two 

localities, C. exasperatus from two localities, C. spinosus from Tomales 

Bay) with one site for Alu 1, two sites for Hinf 1 and Taq 1, and no sites 

for Rsa 1. 

Group 2 (Chondracanthus sp;nosus from Monterey, C. asperifolia) 

with two sites for Hinf 1 and Taq 1 and no sites for Alu 1 and Rsa 1. 

Group 3 (Chondracanthus canalicu/atus, C. serratus) with two sites 

for Hinf 1 and Taq 1 and no sites for Alu 1 and Rsa 1. 

Group 4 (Chondracanthus harvey anus) with two sites for Taq 1, one 

site for Rsa 1, three or more sites for Hinf 1, and no sites for Alu 1. 

Group 5 (Chondracanthus armatus) with one site for Hinf 1 and Taq 1 

and no sites for Alu 1 and Rsa 1. 

Group 6 (Chondracanthus corymbiferus) with one site for Alu 1 and 

Rsa 1, two sites for Taq 1, and three or more sites for Hinf 1 . 

Discussjon and Conclusions 

In recent taxonomic and phylogenetic studies on algae, the 

amplification and sequencing of the 5.85 region of rONA, along with its 

associated ITS spacers, have shown to be a valuable systematic tool for 

separating congeneric species of red and green algae. Goff et al. (1994) 

concluded, after direct sequencing of this region, that it was suitable for 

separating species within the two genera Gracilariopsis and Graci/aria. In 

1993, Kooistra et a!. also used sequence analysis on this region of rONA 

and found it useful for separating closely related species of green algae. 

In addition, Coleman et al. (1994) used the ITS sequences from two 



 

Fig. 19. RFLP patterns produced by the restriction endonuclease Rsa 
1 on the amplified PCR product. Three distinct patterns are evident, 
as well as the migration distance of the PCR product (undigested 
product in lanes 10- 12). Lanes 1 and 13 are 123 bp markers. Lane 
2 Chondracanthus californicus (Bodega,California), lane 3 C. 
exasperatus (Nick's Cove, Tomales Bay, California), lane 4 C. 
spinosus (Marconi, California), lane 5 C. spinosus (Monterey, 
California), lane 6 C. asperifolius (Santa Barbara, California), lane 7 
C. binghamiae (Santa Barbara, California), lane 8 C. exasperatus 
(Neah Bay, Washington), lane 9 C. armatus (La Jolla, California), lane 
10 C. harveyanus (Monterey, California), lane 11 C. corymbiferus 
(Monterey, California), lane 12 C. corymbiferus (Indian Island, 
Washington). The similar fragments in lane 4 and 11 that are 
smaller than 123 bp in length are anomalous products from the PCR 
reaction. 

Fig. 20. RFLP patterns produced by the restriction endonuclease Hinf 
1 on the amplified PCR product. Four different patterns are 
discernable with this enzyme using 1.5% agarose gel. Lanes 1 and 12 
are 123 bp markers. Lane 2 Chondracanthus californicus 
(Bodega,California), lane 3 C. exasperatus (Nick's Cove, Tomales 
Bay, California), lane 4 C. spinosus (Marconi, California), lane 5 C. 
harveyanus (Monterey, California), lane 6 C. armatus (La Jolla, 
California), lane 7 C. spinosus (Monterey, California), lane 8 C. 
asperifolius (Santa Barbara, California), lane 9 C. binghamiae (Santa 
Barbara, California), lane 10 C. corymbiferus (Monterey, California), 
lane 1 1 C. exasperatus (Neah Bay, Washington), lane 13 C. 
corymbiferus (Indian Island, Washington). The similar fragments in 
lane 4 and 10 that are smaller than 123 bp in length are anomalous 
to the PCR reaction. 
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20. 
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Fig. 21. RFLP patterns produced by the restriction endonuclease Alu 
1 on the amplified PCR product. Three distinct patterns are 
noticeable. Lanes 1 and 1 3 are 123 bp markers. Lane 2 
Chondracanthus californicus (Bodega,California), lane 3 C. 
exasperatus (Nick's Cove, Tomales Bay, California), lane 4 C. 
spinosus (Marconi, California), lane 5 C. spinosus (Monterey, 
California), lane 6 C. asperifolius (Santa Barbara, California), lane 7 
C. binghamiae (Santa Barbara, California), lane 8 C. exasperatus 
(Neah Bay, Washington), lane 9 C. armatus (La Jolla, California), lane 
10 C. harveyanus (Monterey, California), lane 1 1 C. cotymbiferus 
(Indian Island, Washington), lane 12 C. cotymbiferus (Monterey, 
California). 

Fig. 22. RFLP patterns produced by the restriction endonuclease Taq 
1 on the amplified PCR product. Three unique patterns resulted from 
this reaction. Lanes 1 and 13 are 123 bp markers. Lane 2 
Chondracanthus californicus (Bodega,California), lane 3 C. 
exasperatus (Nick's Cove, Tomales Bay, California), lane 4 C. 
spinosus (Marconi, California), lane 5 C. spinosus (Monterey, 
California), lane 6 C. asperifolius (Santa Barbara, California), lane 7 
C. binghamiae (Santa Barbara, California), lane 8 C. exasperatus 
(Neah Bay, Washington), lane 9 C. armatus (La Jolla, California), lane 
10 C. harveyanus (Monterey, California), lane 11 C. cotymbiferus 
(Indian Island, Washington), lane 12 C. cotymbiferus (Monterey, 

California). 
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Fig. 23. Results on the restriction analysis of Chondracanthus 
canaliculatus and C. serratus using the four endonucleases Hinf 1 
(lanes 2 & 3), Msp 1 (lanes 4 & 5), Rsa 1 (lanes 6 & 7), and Taq 1 
(lanes 8 & 9). Identical patterns were observed in both species for 
each endonuclease tested. Lanes 1 and 10 are 123 bp markers for 
comparison of fragment size. Lanes 2, 4, 6, & 8 are C. serratus. 
Lanes 3, 5, 7, & 9 are C. canaliculatus. 
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Table 1. A synopsis of the restriction fragment length polymorphism 
analysis from selected Gigartinaceae. Banding patterns are listed 
numerically, those that have the identical number of sites for a particular 
endonuclease, produced the same restriction pattern. In Chondracanthus 
canaliculatus and C. serratus the enzyme Msp 1 was substituted for Alu 1. 
Abbreviations are San Miguel, Baja California (BC), Bodega Head, 
California (BH), Fort Ross, California (FR), Pacific Grove, California (P), La 
Jolla, San Diego (SO), Santa Barbara, California (SB), Tomales Bay, 
California (TB), Indian Island, Washington (Wl ), Neah Bay, Washington 
(W2). 

Species lJiof ] Alu] Bsa 1 rag] 
C. binghamiae (SB) 1 1 1 1 
C. californicus (BH, FR) 1 1 1 1 
C. exasperatus (TB, W2) 1 1 1 1 
C. spinosus (TB) 1 1 1 1 

C. asperlfofius(SB) 1 2 1 1 
C. spinosus (P) 1 2 1 1 

C, canaliculatus (P) 4 No cut (Msp 1) 1 1 
C. serratus (BC) 4 No cut (Msp 1) 1 1 

C. harveyanus (BH) 2 2 2 2 

C. armatus (SD) 3 2 1 3 

C. corymbiferus (BH, W 1 ) 4 3 3 1 
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species of volvocacean green algae, and was able to confirm the presence 

of geographically distinct syngens. 

The direct sequencing of the peR product, although a common choice 

of protocol used for analyzing amplified rONA, is not the only technique 

available to molecular taxonomists. Alternatively, the digestion of the 

amplified peR product with restriction endonucleases, may be a simpler 

and quicker method of analysis. In short, digesting the peR product with a 

combination of enzymes, provides restriction patterns that are reflective 

of the fragment lengths and the number of sites the enzyme recognizes. 

Adachi et al. (1994) showed, after amplifying the ITS region and then 

digesting it with a number of different restriction endonuc/eases, 

restriction patterns resulted that were species specific in a genus of 

marine dinoflagellates. Scholfield et al. (1991 ), although amplifying 

another region of rONA, digested a peR product with restriction 

endonucleases and was able to determine species affinities within 

Graci/aria and Graci/ariopsis. 

In our study, we used comparative digestion patterns of the ITSs and 

s.8S regions, to analyze the interspecific relationships between selected 

Gigartinaceae. Species were digested with the four restriction 

endonucleases Msp 1, Hinf 1, Taq 1, and Rsa 1. Of the fourteen populations 

tested, results indicate the presence of six distinct groups. Although 

many of the restriction patterns were the same between groups, each 

group had atleast one unique restriction pattern. Based on these 

differences in one or more restriction endonuclease patterns, it seems 

reasonable to treat each group as a distinct species. Therefore, the 
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following species of Gigartinaceae are recognized: Chondracanthus 

armatus; C. canaliculatus; C. corymbiferus; C. exasperatus; C. harveyanus; 

and C. spinosus. 

Discussion and Taxonomic Conclusions from the Cline. Transplants, and 

Molecular DNA Analysis 

Combining the results from the cline, transplantation, and 

restriction endonuclease studies, it is clear that Chondracanthus 

californicus, C. exasperatus, and C. spinosus from Tomales Bay represent a 

single species. Based on restriction endonuclease patterns from other 

populations of these species, C. californicus (Fort Ross, California), C. 

exasperatus (Neah Bay, Washington), and C. spinosus (Monterey, California) 

several conclusions were made: 1) Since C. californicus and C. 

exasperatus from mUltiple populations were tested (I.e. Washington), it 

would be ridiculous not to recognize these two species as conspecific. 

This treatment supports the earlier placing of C. californlcus and C. 

exasperatus into synonymy (Abbott and Hollenberg, 1976); 2) 

Chondracanthus spinosus from Monterey, California (type locality) is 

distinct from the C. spinosus that occurs in Tomales Bay. Although the 

species from Tomales Bay is readily identified as C. spinosus with a 

dichotomous key, it does not match any of the pre-existing herbarium 

specimens of C. spinosus from the Monterey Peninsula. Likewise, at 

Monterey, C. spinosus is commonly found growing sympatric with C. 

californicus. Excluding C. spinosus from C. californicus Is consistent with 

previous investigators (Abbott and Hollenberg 1976, Silva 1979). 
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In 1961, Dawson combined J. Agardh's Chondracanthus binghamiae 

(as Gigartina binghamiae), with C. corymbiferus (as G. corymbifera). 

Subsequent to this combination, most have accepted the merging of these 

two species. However, results from this study suggest the possibility 

that Dawson (1 961 ) was in error when he assigned this species to c. 
corymbiferus. For one, the restriction patterns from C. binghamiae were 

found to be exactly alike C. exasperatus, not C. corymbiferus. Secondly, in 

examination of this species from the UC herbarium, the lack of corymbose 

papillae as well as an arcuate apophysis suggests to me that C. 

binghamiae represents something other than C, corymbiferus. Also, in 

Tomales Bay, the characteristic fight wine red color and thin thallus of 

this species is observable in several herbarium specimens of C. 

californicus/C. exasperatus, made by myself, near the mouth of the Bay. 

Therefore, it is suggested that C. binghamiae now be included under 

synonomy with C. exasperatus. 

When Abbott (1972) combined Chondracanthus armatus, C. echinatus, 

C. spinosus, C. eatonianus, and C. asperifolius (al/ as Gigartina) into a 

single species, she supported the combination by stating that the species 

show a gradual gradation and mixture of characters throughout their 

geographical range. Part of the goal of this paper was to verify the status 

of some of the species that were merged by Abbott (1972) using 

restriction endonuclease patterns. In this study, Chondracanthus armatus 

was found to be consistently different from C. spinosus and C. 

asperifolius. In my experience, C. armatus is an alga that differs from C. 

spinosus in being highly branched, complanate, fleshy rather than 
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coriaceous, and typically possesses a dichotomous division at the apex of 

the apophysis. Chondracanthus spinosus and C. asperifolius were identical 

in all the restriction enzymes tested, suggesting that Abbott (1972) was 

right, in part. The status of C. echinatus and C. eatonianus (Fig. 5) are two 

species that require further study and will not be addressed until DNA 

results are available. 

In 1927, Gardner described a new species of Gigartina from Baja 

California, Chondracanthus serratus (as G. serrata). This species although 

a different color, longer branched, and terete throughout was very similar 

in morphology to C. canaliculatus (Gardner, 1927). In fact, in the species 

description of G. serrata, Gardner (1927) remarked on the similarity of 

this speCies to a robust form of C. canalicuJatus f. laxa, apparently from 

British Columbia. This species was reduced into synonomy with C. 

canaliculatus by Abbott and Hollenberg (1976). Evidence from the 

restriction endonuclease patterns verify Abbott and HoI/enberg's (1976) 

treatment of this species as conspecific with C. canaliculatus. 

In conclusion, based on results from restriction endonuclease 

analysis, six species of Chondracanthus were verified to occur along the 

northeastern Pacific and a single taxon from Tomales Bay. These include: 

C. canaJiculatus; C. corymbiferus; C. harveyanus; C.spinosus; and two 

new combinations, C. armatus and C. exasperatus. 

The following "combinatio nova II are thus proposed: 

Chondracanthus exasperatus (Harvey et Bailey) Hughey comb. nov. (Alaska 

to Baja Calif.) 
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Basionym: Gigartina exasperata Harvey et Bailey, Proc. Boston Soc. 

Nat. Hist., 3: 370 - 73. Synonyms: Gigartina binghamiae J. Agardh 

and C. californicus J. Agardh. 

Chondracanthus armatus (J. Agardh) Hughey comb. nov. (San Diego to 

Baja Ca.) 

Basionym: Gigartina armata J. Agardh, Bot. Zeit. 5: 24. 1847. 
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CHAPTER 4 

A CONTRIBUTION TO OUR KNOWLEDGE OF THE MACROSCOPIC 


MARINE ALGAE OF TOMALES BAY 


The only published checklist of the macroscopic marine algae of 

Tomales Bay is that by Johnson et al. (1971). This list includes 99 

species, comprising 1 9 Chlorophyceae, 1 8 Phaeophyceae, and 62 

Rhodophyceae. In 1969, Professor Chris Kjeldsen of the Department of 

Biology, Sonoma State University, began collecting in Tomales Bay and 

subsequently built up a substantial collection of seaweeds. These 

collections are systematized in a work..in-progress, the most recent 

revision of which was published in 1995 (Kjeldsen, 1995). According to 

Paul Silva of the Herbarium of the University of California at Berkeley 

(pers. comm.), several students during the past 35 years have brought him 

algae from Tomales Bay that did not agree with descriptions of outer

coast species, suggesting the occurrence of ecological variants or 

undescribed species. The last two years I collected in Tomales Bay 

throughout the year in order to extend our knowledge of the algal diversity 

and seasonality of the site. 

Results 

A total of 1 26 species of macroscopic marine algae was collected 

during the study period, including 15 Chlorophyceae, 20 Phaeophyceae, and 
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91 Rhodophyceae. The reports of four of these species (Fucus spira/is, 

Gelidium vagum, Gastroclonium compressum, and Centroceras c/avu/atum) 

constitute new latitudinal distribution records. One species 

(Pogonophorella californica) was believed not to have been collected in 

the area since 191 2 while another (Codium fragile var. tomentosoides) is 

a cosmopolitan weed previously reported from the California coast but not 

from Tomales Bay. This contribution is followed by a taxonomic note on 

Egregia, a common member of the Tomales Bay flora. 

Codium fragile subsp. tomentosoides (van Goor) Silva has recently 

spread to many parts of the world, including the North Atlantic Ocean, the 

Mediterrean Sea, the eastern Pacific Ocean, and New Zealand (Goff et aI., 

1992). Silva (1979) reported its spread to San Francisco Bay. This weedy 

species grows in Tomales Bay in the lower and middle intertidal zones on 

rocks in sheltered habitats. It can be collected at Marconi, Marshall, and 

all along the west shore. The plants are recognizable as dark green, 

spongy, and abundantly dichotomo·fastigiately branched plants (Silva, 

1951). Microscopically, this species differs from C. fragile subsp. fragile 

(Sur.) Hariot by having a different utricle morphology (Silva, pers. comm.). 

C. fragile subsp. tomentosoldes possess utricles that are more linear and 

narrow, rather than broadly clavate. 

Centroceras clavulatum (C. Ag.) Mont. was collected at two locations 

in Tomales Bay, both Avalis Beach and Nick's Cove. This alga is found 

saxicolous and epiphytic on Neorhodomela larix in the lower interidal. 

Associated species include Grateloupia doryphora and Prionitis lanceolata. 

The northern distribution limit of this broadly distributed red alga is 
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reported to be Santa Cruz, California (Abbott and Hollenberg, 1976). The 

regular, narrowly divaricate dichotomies of C. clavulatum distinguish it in 

the field from species of Ceramium. 

Fucus spira/is L. was collected in the high intertidal saxicolous and 

on partly buried logs, with Pelvetiopsis /imitata. This alga grows mostly 

at a higher level than Fucus gardneri plants though partly intermixed with 

them at White Gulch. This brown seaweed, which is common and abundant 

in the North Atlantic, was reported for the Pacific Coast for the first 

time twenty years ago (Norris & Conway, 1974). Norris & Conway (1974) 

cited specimens from the Aleutians to northern Washington. According to 

DeCew et al. (Pers. Comm.), the species also occurs in Humboldt Bay. 

Fucus spira/is can be distinguished from F. gardneri by its spiraling 

thallus, strongly distinct and percurrent midrib, and lack of caecostomata. 

In examination of 10 plants of each species, I found no caecostomata in 

450 transverse sections of F. spira/is and 107 caecostomata in 250 

transverse sections of F. gardneri. 

Gastroclonlum compressum (Hollenb.) Chang et Xia is common in the 

midtidal to lower intertidal, growing on the bottoms and sides of 20·50 

kg. rocks. Associated with PO/ysiphonla pacifica, as well as epiphytic on 

Chondracanthus canaliculatus on the west shore of Tomales Bay at 

Marshall and Tomales Beaches. Prior to collecting G. compressum in 

Tomales Bay, the distribution of this alga was from Baja California to the 

Monterey Peninsula (Abbott and Hollenberg, 1976). Female plants are 

common at Marshall Beach in June. 
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Gelidium vagum Okamura is a native alga to Huanghai Sea, Yellow 

Sea, Korea Strait, Sea of Japan, and Pacific coasts of Honshu and southern 

Hokkaido, Japan (Renfrew et aI., 1 988). It was collected for the first time 

from the eastern Pacific in 1986 at Hornby and Denman islands in the 

Strait of Georgia, British Columbia with gametophytes and 

tetraporophytes being found in Aug., Sept., and Oct. and sterile plants in 

April (Renfrew et aI., 1988). New for California, this alga was collected 

at Nick's Cove and Marshall in the lower intertidal on rocks exposed to a 

small amount of wave activity. Juvenile plants appear in Feb., 

tetrasporophytes in March and April. Gametophytes are abundant in April. 

Oyster spat was considered to be the source of introduction to British 

Columbia (Renfrew et al., 1988). Since the Marshall area is surrounded by 

oyster farms and since the species appeared suddenly and became 

abundant rapidly, it is likely that oysters or oyster spat imported from 

the Strait of Georgia are implicated in this introduction. The 

identification was verified by T. Yoshida (Univ. of Sapporo). 

Pogonophorella californica (J. Ag.) Silva was last collected at its 

northern distribution limit near Estero de San Antonio (boundary of Marin 

and Sonoma counties) in 1912, this alga has not been recorded north of 

Monterey since. It was found growing profusely attached to cobblestones 

in sandy mud on the western side of Tomales Bay on a sheltered shore at 

Marshall Beach. Readily identified in mid-April (stipitate, 2.5 cm tall, 

monosiphonous laterals), by June there are dense patches that break the 

water surface at low tide. Pogonophorella californica is usually found on 

rocks associated with sand ("sanded·in habitat") in areas exposed to high 
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wave energy (Phy/lospadix scouleri co-occurs with it)(Abbott and 

Hollenberg, 1976). 

Egregia J. E. Areschoug 1876 (type species: Fucus menziesiiTurner) 

is a common genus of the brown algal family Alariaceae. On the Pacific 

coast of North America, the number of species currently recognized is 

debatable. According to Setchell and Gardner (1 925), and Smith (1944), 

the genus Egregia consist of two species: E. menziesii (Turner) Areschoug 

and E. laevigata Setchell. Silva (1957), in addition to describing two new 

subspecies, also recognized the two species E. menziesii and E. laevigata 

as distinct species. Chapman (1962) recognized three species of Egregia, 

including a new species, E. planifolia. Abbott and Hollenberg (1976) 

recognized only one species, placing E. menziesii, E. laevigata, and E. 

planifolia into synonomy. Citing Abbott and Hollenberg (1976), Gabrielson 

et a!. (1987) treated all three species as conspecific. 

Egregia menziesii, E. laevigata, and E. planifolia are geographically 

discrete (with the exception of two island populations of E. laevigata) and 

distinguishable by the presence or absence of tubercles, spatulate or 

ligulate blades, thick or thin blades, and a tough or brittle rachis. Egregia 

menziesii is distributed from Alaska to Point Conception, California. This 

species, as well as the others, are typically found attached to rocks in the 

middle and subtidal zones. Egregia menziesii has many tubercules on the 

rachis and pneumatocysts, possesses a corrugated apical branch, and 

shortly spaced lateral spatulate blades (Sliva, 1957). In comparison, E. 

laevigata is found from Point Conception to San Diego, California, and is 

also represented by two island populations in Carmel Bay and San Luis 
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Obispo county, California (Silva, 1957). Egregia laevigata has a smooth 

and brittle rachis (although sometimes tuberculated at the base), as well 

as a wider spacing of lateral blades (Silva, 1957). Egregia planifolia, is 

distributed south of San Diego, California to Cape San Eugenio, Baja 

California. Egregia planifolia differs from the two others in having a 

entirely smooth rachis, a primary lamina with several to no 

proliferations, and thick lateral blades (Chapman, 1962). 

Despite these clearly defined taxonomic characters, there remains 

in every herbarium, a number of specimens that are difficult to assign to 

either of the three species of Egregia. Silva (1957) makes reference to 

this by emphasizing that specimens collected from Carmel Bay, Point 

Pedernales to Government Point, and the Channel Islands often show a 

mixture of characters specific to both E. menzies;; and E. laevigata. 

Traditionally, Setchell and Gardner (1927), and Silva (1957), have treated 

these plants with intermediate characters as hybrids. Abbott and 

Hollenberg (1976) failed to mention the possibility of hybridization 

between these two species, but emphasized that the morphological 

characteristics used to delineate species of Egregia, are correlated with 

geographical distribution. Therefore, Egregia is represented by a northern 

population (Alaska to Mendocino, California) with tubercles; a southern 

population (Los Angeles, California to Baja California) lacking tubercles; 

a middle population (Mendocino to Ventura counties, California) containing 

all possible combinations. 

Preliminary work on the two taxa, Egregia laevigata and E. menzies;; 

via a transplantion study, analysis of internally transcribed spacers (ITS) 
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1 and 2 including the 5.8S exon using restriction enzymes, and 

observations of E. laevigata at the type locality (Carmel Bay, California), 

were conducted to determine if there was evidence for separating E. 

laevigata from E. menziesii. 

Egregia laevigata from Goleta Point was transported in 1 5 liter 

carboys to Bodega Head (Sonoma County) and tied with nylon fishing string 

to a concrete apparatus along with an equal number of E. menziesii from 

Bodega Head. Thalli remained in the lower intertidal at Bodega Head for 

over 120 days. In examination of new growth, E. laevigata appears to have 

remained morphologically distinct from E. menziesii. 

Analysis of the ITS regions of algae have recently been shown to be 

useful at separating interspecific taxa. Although mostly through the 

sequencing of this region, restriction endonucleases have also been shown 

to be invaluable as well. In this study, a single Egregia Jaevigata from 

Carmel and two samples of E. menziesii from Pescadero Point and Bodega 

Head were amplified using the polymerase chain reaction (PCR) and then 

the product was digested with three enzymes (Hinf 1, Msp 1, and Taq 1). 

Egregia laevlgata produced unique restriction patterns in all of the 

enzymes tested when compared against both samples of E. menziesii. 

Using Hinf 1 and Taq 1, E. menziesi! samples from both locations were 

identical. However, the results from Msp 1 are not as convincing. Because 

of a mistake in the amplification protocol, several anomalous fragments 

appeared after digesting the samples with the restriction endonuclease 

Msp 1. Since it is unclear at this point whether Msp 1 yields identical 
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patterns in both E. menzies;; samples, the endonuclease Msp 1, has been 

thrown out for purpose of this analysis. 

Evidence of a cline between two different species from two distinct 

habitats, suggests the possibility of a single variable species, whose 

morphology is dependent upon its habitat. At Pebble Beach, California, 

Egregia laevigata (type locality) occurs in a sheltered environment with 

warmer waters, while E. menziesii only 2 km away, is abundant in a 

heavily wave swept habitat with colder waters (Pescadero Point). The 

intermediate locations were sampled to determine if a gradual change in 

the thallus of Egregia was correlated with a shift in habitats. In the rnid~ 

intertidal, unhybridized E. menziesii was fairly common throughout the 

range in which these two species overlap. Although there are obvious 

plants that possess similar morphological characters of both species, 

there does not appear to be any evidence of a cline, but hybridized 

individuals instead, as Setchell and Gardner (1925), Silva (1957) have 

reported. 

Based on indirect evidence from the transplant results of Egregia 

laevigata to the Sonoma coast, restriction endonuclease pattern 

comparisons between E. menziesii and E. laevigata, and 'field observations, 

it is suggested that Silva's (1957) treatment of E. laevigata as a distinct 

species be revived. It is obvious that further work needs to be pursued, 

possibly through sequencing the ITSs of these species. 

The following is a checklist of the species collected in Tomales Bay, 

along with a distribution range, and notes on each species. Ranges are 

based upon speCimens and/or my observations of each species in the field. 
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Ranges are represented by the abbreviations 0 (outer), M (middle), and I 

(inner). Abbreviations correspond to the collection stations used for the 

morphological cline (Fig. 1); where stations 1~3 are outer, 4-6 are middle, 

7 and 8 are inner. 

CHECKLIST OF THE MACRO-ALGAE OF TOMALES SAY 

SCIENTIFIC NAME RANGE 
NOTE 

Acrochaetium porphyrae (Drew) Smith o 
Endophytic in Porphyra perforata. 

Ahnfeltia plicata (Hudson) Fries o 
Ahnfeltiopsis leptophy/lis (J. Agardh) Silva et DeCew o 
Ahnfeltiopsis linearis (C. Agardh) Silva et DeCew o 

Sanded in habitat. 
Antithamnionella spirographidis (Schiffner) Wollaston o 

Epipelic and rose red in color. 
Bangia atropurpurea (Roth) C. Agardh OM 

On wood posts. 
Blidingia minima var. vexata (Setchell et Gardner) J. Norris o 

oBossiella orbigniana (Decaines) Silva 
oBossiella plumosa (Manza) Silva 
01Botryoglossum ruprechtianum (J. Agardh) DeToni 


In drift in I. 

oBryopsis cortlculans Setchell 


In pools of water, associated with sand. 

oBryopsis hypnoides Lamouroux 


Epipelic. 

oCalliarthron tuberculosum (Postels et Ruprecht) Dawson 
MCallithamnion acutum Kylin 
OMCallithamnion pikeanum Harvey 
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Callophyl/is obtusifolia J. Agardh OM 
In drift in M. 

Callophyllis pinnata Setchell et Swezy OM 
In drift in M. 

Cal/ophyllis thompsonii Setchell 
In drift. 

CaJlophyllis violacea J. Agardh OM 
In drift in M. 

Centroceras c1avulatum (C. Agardh) Montagne OM 
Saxicolous. 

Ceramium californicum J. Agardh OM 
Ceramium eatonianum (Farlow) DeToni OM 

Epiphytic on Neorhodomela. 
Ceramium pacificum (Collins) Kylin OM 
Chaetomorpha /inurn (Muller) Kuetzing OM I 

Ubiquitous in inner intertidal pools. 
Chondracanthus canaliculatus (Harvey) Guiry OM l 

Saxicolous. 
Chondracanthus corymbiferus (Kuetzing) Guiry OM 1 

Thallus ruffled and diminutive in I 
Chondracanthus exasperatus (Harvey et Bailey) Hughey aMI 
Chondracanthus harveyanus (Kuetzing) Guiry OM 

Becomes narrow and proliferous as thalli approach M. 
Cladophora alblda (Hudson) Kuetzing I 
Cladophora columbiana Collins OM 1 
Cladophora microcladiodes Collins I 
Cladophora elmorei Dawson o 
Codium fragile subsp. tomentosoides Silva MI 
Coilodesme californica (Ruprecht) KJeliman OM I 

In drift at 0, M, and I.. 
CoJpomenia buJlosa (Saunders) Yamada OM 
Colpomenia peregrina (Sauvageau) Hamel OM J 

Epiphytic on Gastroclonium and Gelidium 
Coral/ina chilensis Descaine OM 
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Coral/ina vancouveriensis Yendo OM 
Cryptop/eura /obu/ifera (J. Agardh) Kylin M 

In drift. 
Cryptop/eura violacea (J. Agardh) Kylin OM 
Cryptosiphonia woodii (J. Agardh) J. Agardh aMI 
Cystoseira osmundacea (Turner) C. Agardh aMI 

In drift at 0, M, and I. 
Desmarestia /igu/ata (Lightfoot) Lamouroux a 
Dictyoneurum californicum Ruprecht OM 

In drift at M. 
Egregia menzies;; (Turner) Areschoug OM I 

In drift at 0, M, and I. 
E/achista fucico/a (Velley) Areschoug OM 
Endocladia muricata (Endlicher) J. Agardh OM 
Enteromorpha clathrata (Roth) Greville OM 
Enteromorpha intestinalis (L.) Nees a M I 
Enteromorpha /inza (L.) J. Agardh a M I 
Erythrophyllum de/esserioides J. Agardh OM 

In drift at M. 

Farlowia mol/is (Harvey et Bailey) Farlow et Setchell OM 
In drift at M. 

Fauchea /aciniata J. Agardh o 
In drift. 

Fucus gardneri Silva OM I 
Fucus spira/is L. OMI 
Gastroclonium compressum (Hollenberg) Chang et Xia MI 
Gastroclonium subarticulatum (Turner) Kuetzing OM 
Ge/idium coulteri Harvey OM I 
Gelidium purpurascens Gardner OM 
Ge/idium vagum Okamura MI 
Graci/aria pacifica Abbott a M I 
Gracilariophi/a oryzoides Setchell et Wilson OM 
Graci/ariopsis lemaneiformis (Bory) Dawson, Acleto, & Fold. a M I 
Grate/oupia doryphora (Montagne) Kylin OM I 
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Gymnogongrus chiton (Howe) Silva et DeCew M 
Associated with Gelidium. 

Halosaccion americanum Lee a M I 
In drift at I. 

Halymenia californlca Smith et Hollenberg I 
Hymenena fJabel/igera (J. Agardh) Kylin OM 

In drift at M. 
Isabbottla ovalifolia (Kylin) Balakrishnan a 
Laurencia spectabilis Pastels et Ruprecht a 
Llthrothrix aspergil/um Gray a 
Lomentaria hakodatensis Yendo MI 

Epiphytic on a variety of red algae. 
Macrocystls integrlfolia Bory OM I 
Mastocarpus jardinil (J. Agardh) West a 
Mastocarpus papillatus (C. Agardh) West OM I 

Mazzaella affinis (Harvey) Fredericq OM I 

Mazzaella californica (J. Agardh) DeToni OM I 

Mazzaella heterocarpa (Postels et Ruprecht) Fredericq OM 
In drift at M. 

Mazzaella liIicina (Postels et Ruprecht) Leister OM 
Mazzaella volans (C. Agardh) Fredericq OM 

In drift at M. 
Melanosiphon Intestlnalis (Saunders) Wynne OM 
Melobesia medlocris (Foslle) Setchell et Mason OM 

In drift at M. 
Microcladia borealis Ruprecht a 

OMMicrocladia coulterl Harvey 
aNeoptilota densa (C. Agardh) Kylin 
OMNeorhodomela larix (Turner) Masuda 
OM INereocystis leutkeana (Mertens) Postels et Ruprecht 

In drift at 0, M, and I. 
OMOdonthalia floccosa (Esper) Falkenberg 


In drift at M. 

aOdonthalia Iyallii (Harvey) J. Agardh 



51 

Ozophora clevelandii (Farlow) Abbott 0 
In drift. 

Pelvetia compressa (C. Agardh) DeToni 0 
Pelvetiopsis limitata Gardner 0 M 
Phycodrys setchellii Skottsberg 0 

In sanded in pools. 
Pikea californica Harvey 0 M 

In drift at M. 
Pleonosporium squarrulosum (Harvey) Abbott 0 

Epiphytic on Neorhodomela. 
Plocamium cartilagineum subsp. pacificum (Kylin) Silva 0 M 

In drift at M. 
Plocamium violaceum Farlow 0 

Epiphytic on Neorhodomela. 
Pogonophorella californica (J. Agardh) Silva M I 
Polyneura latissima (Harvey) Kylin 0 M I 

In drift at 0, M, and I. 
Polysiphonia flacidissima var. smithii Hollenberg 

Epiphytic on Chondracanthus exasperatus. 
Polysiphonia hendryi Gardner 0 M I 
Polysiphonia pacifica Hollenberg 0 M I 
Polysiphonia paniculata Montagne 0 M 
Polysiphonia scopulorum var. vil/um (J. Agardh) Hollenberg M 
Porphyra fucicola Krishnamurthy 0 M 

In drift at M. 
Porphyra nereocystis Anderson M 

In drift. 
Porphyra perforata J. Agardh 0 M 

In drift at M. 
Postelsia palmaeformis Ruprecht 0 M I 

In drift at 0, M, and I. 
Prionitis lanceolata (Harvey) Harvey 0 M I 
Prionitis /yallii (Harvey) Harvey 0 M 
Psammophyllum californicum (J. Agardh) Silva et Moe 0 
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In sand. 
Pterochondria woodii (Harvey) Hollenberg 

In drift on Cystoseira. 
M 

Pterosiphonia baileyi (Harvey) Falkenberg 
Under rocks. 

OM I 

Pterosiphonia dendroidea (Montagne) Falkenberg 
Puntaria occidentalis Setchell et Gardner 

On pebbles in the mud. 

a 
OM I 

Sarcodiotheca gaudichaudii (Montagne) Gabrielson 
Sargassum muticum (Yendo) Fensholt 
Schizymenia pacifica (Kylin) Kylin 
Scytosiphon dotyii Wynne 
Scytosiphon simplicissimus (Clemente) Cremades 
Smithora naiadum (Anderson) Hollenberg 

In drift at M. 

OM I 
OM I 
a 

I 
OM 

Stenogramme interrupta (C. Agardh) Montagne 
On cliffs of shaded surge channels. 

Ulva californica Wille 

a 

M 
Ulva fenestrata Postels et Ruprecht 
Ulva taeniata (Setchell) Setchell et Gardner 

In sand. 

OM I 

OM 

In total, 126 species of marine algae were found in Tomales Bay. Of 

these, 83% of the species were collected or observed by myself in the 

outer region of the bay. At the middle component, approximately 50% of 

the total species were present. In the inner portion of the Tomales Bay, 

nearly 30% of the total number of species could be found. Drift was 

excluded from the calculations, but I should mention that many of the 

species found in the outer region of the bay, can be found as drift on the 

shores in the middle and inner parts of the bay. Most of the collections of 

marine algae in the outer portion of Tomales Bay were made at Avalis 
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Beach and Tom's Point. Specimens collected from Nick's cove, White 

Gulch, and Marshall Beach constituted the middle segment of the bay. 

While collections made from Heart's Desire Beach and Marconi represented 

the inner component of the bay. 

Although this floral survey of the Tomales Bay marine algae has 

resulted in several new finds and a lengthy algal checklist, it is by far 

complete. Endophytic, coralline, and small filamentous seaweeds were 

often ignored or not located in Tomales Bay, and require further 

investigation. In addition, Tomales Bay's continued use as a site for the 

culturing of oysters, suggests that the potential for introduced species 

new to California is excellent. In conclusion, further studies on the 

macro-algae in Tomales Bay are a must and will undoubtedly provide the 

nosy phycologist with exciting and rewarding collection trips for many 

years to come. 
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