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ABSTRACT

Norris, James N.  Marine Algae of the Northern Gulf of California II: Rhodophyta. Smithsonian Contributions to Bot-
any, number 96, xvi + 555 pages, 236 figures, 2014.— The present treatment constitutes a taxonomic study of the benthic
marine red algae known in the northern Gulf of California. In all, 387 species of Rhodophyta belonging to two subphyla
were found: the Rhodophytina, represented by 2 classes, 2 orders, 2 families, 7 genera, and 14 species; and Eurhodophy-
tina, represented by 2 classes, 5 subclasses, 19 orders, 47 families, 133 genera, and 373 species (including varieties, forms,
and possible new species); 71 species of red algae (~18%) are endemic to the Gulf of California. Together with the 133
species of Chlorophyta and Phaeophyceae, 520 marine algae are known in the northern Gulf. The systematic account
includes the presently accepted taxon name, descriptions of the subphyla, classes, orders, families, genera, and species, with
keys and illustrations to aid in their identification. Along with the taxon name are its basionym, synonyms, author(s), date
and place of valid publication, type locality, relevant taxonomic studies, description, habitat, and distribution in the Gulf
of California and, if applicable, in the eastern, central, and/or western Pacific. A remarks section includes information on
taxonomy, nomenclature, ecology, distribution extensions and new records, and/or other problems or facts of interest. A
new genus, 1 new subgeneric section, and 8 new species are described; 30 new combinations are proposed (listed in Appen-
dix 1). A new name, Rhodymenia huertae, is chosen to replace an illegitimate name; a lectotype illustration is selected for
Laurencia paniculata Kiitzing; 15 previously reported species are considered uncertain records; and 3 species are excluded
from the Gulf’s marine flora.

Cover images, left to right: Figures 170A (Pugetia mexicana), 231A (Botryocladia datilensis), 217 (Predaea japonica), and
219A (Plocamium katinae) from this publication.
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INTRODUCTION

The oceanography of the Gulf of California (Figure 1) has been described by Roden
(1964), van Andel and Shor (1964), Alvarez-Borrego (1983, 2002), and Lavin and Ma-
rinone (2003), with overviews by Brusca (1980), Maluf (1983), Brusca et al. (2005),
and Norris (2010). An atlas of the scientific cruises in the Gulf of California was given
by Schwartzlose and Lluch-Cota (2003). The general features of the marine flora of the
northern Gulf of California and its history of marine botanical exploration can be found
in Norris (2010).

The systematic account of the Rhodophyta herein constitutes the companion volume
of Marine Algae of the Northern Gulf of California; the first was the treatment of Chlo-
rophyta and Phaeophyceae (Norris, 2010).

The intertidal and subtidal algal collections that form the basis for the present taxo-
nomic study of the red algae were made during land- and ship-based field trips to the Baja
California and Sonora coasts of the northern Gulf of California and Islas de la Cintura
(Figures 2-8). These field trips and ship expeditions occurred while I was in residence as
Station Director of Laboratorio de Biologia Marina of the University of Arizona and Uni-
versidad de Sonora in Puerto Pefiasco, Sonora (Norris, 2010) (Figure 6), and since 1975
after I came to work at the National Museum of Natural History. These were supple-
mented by the collections of E. Yale Dawson (Algal Collection, U.S. National Herbarium
[US Alg. Coll.]; Allan Hancock Foundation Herbarium [AHFH], now Herbarium of the
University of California, Berkeley [UC]) and those of Ivan M. Johnston and others that
were included in the studies of W. A. Setchell and N. L. Gardner (Herbarium, California
Academy of Sciences [CAS], now UC; US Alg. Coll.). The Gulf of California research was
supported and encouraged by Robert W. Hoshaw, Donald A. Thomson, and John R. Hen-
drickson (University of Arizona), Michael Neushul (University of California, Santa Bar-
bara), and Isabella A. Abbott (Stanford University and, later, University of Hawaii). Field
explorations on the Sonora and Baja California coasts were made possible through sup-
port from National Science Foundation grants (BMS-73-07000-A01 and BMS-75-13960),
USDC NOAA-04-5-158-20, and an American Philospohical Society grant (Penrose Fund
no. 7530). The Islas de la Cintura (Midriff Islands) were surveyed during the cruise of the
R/V Dolphin (Scripps Institution of Oceanography [SIO], University of California, San
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FIGURE 1. Map of the Gulf of California, with the Baja California
peninsula to its west and mainland Mexico to the east. The area
shown is the following: northern Gulf of California (dark shading)
south to 28°N latitude (which is also the border between the Mexi-
can states of Baja California and Baja California Sur), the southern
Gulf of California (medium shading) to the Gulf’s entrance between
Cabo San Lucas and Cabo Corrientes, and the Pacific Mexican
coasts of the Baja California, Baja California Sur, and Jalisco (light
shading).

Diego [UCSD]) to the northern Gulf of California (Norris and
Bucher, 1976, 1977) (Figure 3A-D).

Specimens were obtained from the intertidal and subtidal
by me and Katina E. Bucher using scuba (Norris, 2010). Collec-
tion numbers are designated by the following prefixes:

JN our field notebooks (Algal Collection, National
Museum of Natural History, Smithsonian Insti-
tution);

EYD notebooks of E. Yale Dawson (Algal Collec-

tion, National Museum of Natural History,
Smithsonian Institution);

GJH notebooks of George J. Hollenberg (Algal Col-
lection, National Museum of Natural History,
Smithsonian Institution);

JNand HW]  H. William Johansen (Clark University; note-
book with HW]J);

JS notebooks of Joan G. Stewart (Scripps Institu-
tion of Oceanography, UCSD).

Methods for field collection of marine algal specimens and
their subsequent preservation, mounting as herbarium speci-
mens, and preparation for light microscope study are as given by
Tsuda and Abbott (1985). Photomicrographs were made using
an Olympus Q-5 digital camera mounted on a Zeiss Universal
microscope; all images used herein were prepared using Adobe
Photoshop PS-4 on a Macintosh Pro computer.

Specimens studied or examined, or referred to in this work
are deposited in collections at the institutions listed below, which
are abbreviated for subsequent mention in the text. Herbarium
abbreviations herein follow the Index Herbariorum (Holmgren
et al., 1990; Thiers, 2013).

AD State Herbarium of South Australia, Adelaide,
South Australia, Australia
AHFH Herbarium of the Allan Hancock Foundation,

University of Southern California, Los Angeles,
California; Algae Collection moved to LAM,

now UC
CAS Herbarium of the California Academy of Sci-
ences, San Francisco, California; now UC
CMMEX Algae Herbarium of the Universidad Auténoma

de Baja California, Facultad de Ciencias Mari-
nas, Ensenada, Baja California, Mexico

CN Herbier, Université de Caen, Laboratoire de Bi-
ologie, Caen, France
ENCB Herbario, Escuela Nacional de Ciencias Bi-

oldgicas, Instituto Politécnico Nacional, Mex-
ico D.E,, Mexico

L Nationaal Herbarium Nederland, Leiden Uni-
versity, Leiden, Netherlands

LAM Algal Herbarium of the Los Angeles County
Museum, Los Angeles, California; now UC

LD Botanical Museum, Lund, Sweden

MICH Herbarium of the University of Michigan, Ann
Arbor, Michigan

MLML Marine Algae Collection, Marine Biological

Collection (Museum), Moss Landing Marine
Laboratories, California State University, Moss
Landing, California

PC Muséum National d’Histoire Naturelle, Labo-
ratoire de Cryptogamie, Paris, France

TCD Herbarium, School of Botany, Trinity College,
Dublin, Ireland

ucC Herbarium of the University of California,

Berkeley, California
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FIGURE 2. Map of the northern Gulf of California, Mexico, showing most of the locales (algal col-

lection sites).

US Alg. Coll.  Algal Collection of the U.S. National Herbar-
ium, National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

Several botanical and phycological references were invaluable
throughout this study, notably the thorough AlgaeBase (http://
www.algaebase.org), a database of information on marine, ter-
restrial, and freshwater algae that was developed and is updated

and maintained by Michael and Wendy Guiry (Guiry and Guiry,
2007-2012); the second edition of Taxonomic Literature (referred
to as TL-2) by Stafleu and Cowan (1976-1988) and its supplement
volumes (Stafleu and Mennega, 1992-2000; Dorr and Nicolson,
2008, 2009); Stafleu (1972) on dates of publication of the exten-
sive volumes of Engler and Prantl; Botanical Latin (Stearn, 2004);
and Composition of Scientific Words (Brown, 1979). The citation
of the authors of taxa names follows Brummitt and Powell (1992).
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FIGURE 3. Some of the northern Gulf of California collecting sites. A-D. Isla Angel de la Guarda: A. Puerto Refugio, south shore, low tide
(April 1977). B. Roca Blanca, near the middle of Puerto Refugio (April 1974). C. Puerto Refugio, intertidal rock platform around point on
west shore. D. Expansive alluvial fan on the island, above the cliff fronting the intertidal shore of Puerto Refugio (April 1977). E. Estero, Punta
Sargento, Sonora, low tide (high tide covers the darker sand area) (February 1973). F. Estero, Bahia de Las Animas, Baja California, exposed at
low tide (note that high tide covers up to leaves and green of mangroves (May 1972).
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FIGURE 4. Desert coasts of the northern Gulf: A. Large cardon (Pachycereus pringlei), a cactus of the Sonoran Desert, on the shore near Punta
Cheuca, Sonora (April 1976). B. Osprey flying in from the beach to add to its large nest of twigs, branches, and seaweeds—another seaweed
collector in the northern Gulf, Punta Sargento, Sonora (February 1973). C. Low tide, showing intertidal habitats, Punta Willard, north of Bahia
San Luis Gonzaga, Baja California (July 1973). D. Puerto Calamajue, Baja California (July 1973).
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FIGURE 5. Land-based diving operations: A. Research vehicle set up to carry scuba air compressor, tanks, and diving equipment; collecting,
photographic, and camping gear; and food and water for four week land-based diving operation; on the road to dive and collecting sites at Punta
Cirio (south of Puerto Libertad), Sonora (June 1973). B. Scuba air compressor station to refill tanks, Punta Granito, Sonora (February 1973).
C, D. Marine botanists James Norris and Katina Bucher during a break between scuba dives, Punta Cirio (November 1973). E. Jim Norris (aka
“Santiago rojo,” as named by the Seri) working with Armando Torres and Angelita Torres at the Seri village, El Desemboque de San Ignacio,

Sonora (February 1974).

Place and locality names of the land-based collection sites
and ship-based cruise stations that are used herein (Figures 1, 2)
are from the U.S. National Oceanic and Atmospheric Adminis-
tration (NOAA) charts 21008, 21014, 21120, 21124, 21141,
21161, 21181, and 21182, Carta de Farod e Hidrografia de
Meéxico F. H. 600, and the road, boating, and cruising sea guides
to Baja California and the Gulf of California, particularly the
work of Lewis (1971) and also Wheelock and Gulick (1975),
Peterson (1998), Williams (2003), Cunningham (2004, 2006a,
2006b), Breeding and Bansmer (2009), and Rains (2013).

It is hoped this publication will encourage algal taxonomic
and phylogenetic research as it makes available a taxonomic

baseline for further biodiversity, marine botanical morphological
and molecular systematics, and ecological investigations in the
northern Gulf of California (Figure 2). Accurate identification of
the marine algae is essential not only for molecular systematic
and phylogenetic studies but also for ecological and conservation
studies and ecosystem management of this biologically unique re-
gion. The taxonomic descriptions, particularly genera and species,
presented herein are to be treated as hypotheses, and as such, it
is encouraged that their taxonomic status will be tested using ge-
netic molecular analyses and further morphological comparisons.

The biological uniqueness of the northern Gulf of California
(Figures 3, 4, 6-8) is internationally recognized, and the islands
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FIGURE 6. Playa Estacion, Puerto Pefiasco, So-
nora: A. Low tide (arrow marks high tide line),
one of the two daily (semidiurnal) tides that ex-
poses the vast caliche shell-hash tidal platform
below Laboratorio de Biologia Marina (Uni-
versity of Arizona and Universidad de Sonora).
B. Katy Bucher surveying the tidal platform;
note the large Cumpleafios Tide Pool near the
old “Casa Garcia” (seen above the shore).




8 ¢ SMITHSONIAN CONTRIBUTIONS TO BOTANY

FIGURE 7. Punta Bufeo (about 3.2 km north of Bahia San Luis Gonzaga), one of the species-rich study sites on the east coast (Gulf coast) of Baja
California. Comparison of the coverage of intertidal macroalgae using natural light (A, C) and with infrared photography (B, D), a nondestruc-
tive technique for identifying and quantifying algal coverage developed by M. Littler and Littler (1985). A, B. A rocky intertidal. C, D. Close-up
of larger intertidal boulders. In each comparison, the contrasting natural light and infrared images show more extensive coverage using infrared
by revealing the chlorophyll (in red colors) of the different algal species (photos by Diane Littler and Mark Littler).

FIGURE 8. (Opposite) Northern Gulf red algae: A. Dense clumps of epiphytic Jania capillacea covering Sargassum, Playa Estacion, Puerto
Penasco (November 1973). B. Corallina and crustose corallines among Chondracanthus (blackish) and Colpomenia tuberculata and C. phaeo-
dactyla; intertidal, Puerto Refugio, Isla Angel de la Guarda (R/V Dolphin expedition, April 1974). C. Tacanoosca uncinata, a large specimen
(scale of white ruler is 22.5 cm) of a species of economic potential, Bahia San Francisquito (May 1973). D. Chondracanthus squarrulosus (two
on lower left) growing on crustose corallines, Puerto Refugio, Isla Angel de la Guarda (M/V Makrele expedition, April 1969). E. Palisada
paniculata, short growth form (note that the white tips indicate solar burn) that extensively covers the tidal platform, Playa Estacién, Puerto
Penasco (July 1974). F. Porolithon sonorense, a crustose coralline endemic to the Gulf of California, on top of tidal platform, Playa Estacion,
Puerto Penasco (November 1973).
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and protected areas of the Gulf of California are a UNESCO
World Heritage Site (http://whc.unesco.org/en/list/1182/). Con-
servation of its ecosystems’ biodiversity is being provided by the
several marine biosphere reserves, marine protected areas (for
natural resources or flora and fauna), marine sanctuaries, and
national marine parks in the Gulf of California (e.g., Case et al.,
2002; Sala et al., 2002; Cartron et al., 2005; Enriquez-Andrade

et al., 2005; Lluch-Cota et al., 2007; Danemann and Ezcurra,
2008; Brusca, 2010). It is increasingly important that we study
the effects of climate change on seaweed communities and the
ecosystem responses of primary productivity, species composi-
tion, and abundance to conserve and manage coastal ecosystems
(Harley et al., 2012; Raven and Hurd, 2012).



Red Algae

PHYLUM RHODOPHYTA

Rhodophyta R. Wettstein, 1901:46.
Rhodophycophyta Papenfuss, 1946:218.

Members of the phylum (division) Rhodophyta, or “red algae,” exhibit an ex-
treme diversity of shapes, sizes, and forms, including unicells; coalescing cells; simple to
branched pseudofilaments and uniseriate to multiseriate filaments; prostrate crusts; and
erect, simple to branched terete, compressed or foliose forms that may be solid or hollow.
In texture they can be soft and gelatinous or flaccid, semirigid, or cartilaginous or stony
and hard (calcified). Many are considered to be beautiful, showing amazing branching
patterns or cell arrangements and colors. In size the red algae can be microscopic, min-
ute, or small to large, and some may be up to 3 meters or more in length (e.g., Porphyra;
Guiry and Guiry, 2009-2011). Vegetative anatomy can be pseudofilamentous, filamen-
tous, and nonfilamentous simple to complex forms of pseudoparenchymatous structure
(Kylin, 1937, 1956; Dixon, 1973; Cole and Sheath, 1990).

Worldwide in distribution from both poles to the tropics, red algae grow in a wide
variety of habitats, from the high intertidal to the deep subtidal. Some members, for
example, certain crustose coralline algae, have been recorded growing at depths of 286
meters (927 feet) in tropical deepwater communities (Littler et al., 1985, 1986). The
number of species of red algae is comparatively few at the poles and greatly increases in
number and diversity toward the tropics.

Members of the Rhodophyta were initially grouped together on the basis of bio-
chemical characters, i.e., their red pigments (Harvey, 1853, as Rhodospermeae). The
degree of red coloring is variable among the species, from pale rose to dark red, some-
times blackish red or even greenish red. This color variation is due to accessory pigments,
the phycobiliproteins, phycocyanin, phycoerythin, and allophycocyanin (organized in
phycobilisomes), that mask in varying degrees the photosynthetic green pigments, chlo-
rophyll @ and d (note: Larkum and Kiuhl, 20035, suggested that a cyanobacterium associ-
ated with red algae may be the source of chlorophyll d). The chloroplasts of red algae
lack external endoplasmic reticulum and contain unstacked thalakoids. Energy reserves,
primarily floridean starch and galactoside floridoside, are stored in the cytoplasm. Cell
wall composition is variable among the species, containing a mixture of cellulose and
noncellulose polysaccharides, such as glucans, xylans, and galactans. Polysulphate esters
are characteristic components of the cell walls. Some species are lightly to heavily calci-
fied. The calcium carbonate is in the mineral form of calcite in the Corallinales P. C.
Silva et Johansen (1986), some of the Peyssonneliales Krayesky, Fredericq et J. N. Norris
(in Krayesky et al., 2009), and the Rhodogorgonales Fredericq, J. N. Norris et Pueschel
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(in Fredericq and Norris, 1995) and in the form of aragonite in
some of the Nemaliales F. Schmitz (1892).

All red algae lack flagellated reproductive stages and cen-
trioles in their life histories (Garbary and Gabrielson, 1990).
Asexual reproduction is by nonflagellated spores that are either
produced by vegetative transformation of a cell or developed
within a sporangium. The sporangia may produce monospores
(a single spore), bispores (two spores), tetraspores (four spores),
or polyspores (many spores). The mobility of spores by amoeboid
action and by gliding has been described for some red algal species
in different classes (e.g., Pickett-Heaps et al., 2001; Ackland et al.,
2007) and in the recently described “Acrochaetium-like” genus,
Rhodachlya (West et al., 2008; Rhodachlyales, Rhodachlyaceae).

Sexual reproduction, varying from the relatively simple to
highly specialized, characterizes the groups of red algae. Female re-
productive structures in the Florideophyceae are differentiated into
a carpogonial apparatus with a thread-like extension, the tricho-
gyne. The one-celled carpogonium of the female reproductive ap-
paratus becomes a zygote after fertilization. The zygote may divide
to form carpospores or give rise to special filaments called goni-
moblasts. Some or all of the cells of the gonimoblast develop into
carposporangia. The mass of carposporangia, the gonimoblasts,
and the specialized cell bearing them form the carposporophyte
(diploid generation borne on the female gametophyte). Nonflagel-
late spermatia (male gametes) are produced by the spermatangia.

REMARKS. Among the benthic marine algae, the Rho-
dophyta, with more than 42 orders, contains the greatest num-
ber of species. Currently, more than 6,500 species of red algae
are known, but there actually may be more than 12,000 species
(Woelkerling, 1990). Most of the known red algal species are
marine, and very few—Iless than 3% (or about 150 species)—
are known from freshwater environments (Smith, 1950; Sheath,
1984, 2003). Even fewer red algae are terrestrial. Some, such as
Porphyridium cruentum (S. F. Gray) Nageli (1849; basionym: Ol-
ivia cuenta S. F. Gray, 1821; =Porphyridium purpureum (Bory de
Saint-Vincent) K. M. Drew et R. Ross, 1965) form a gelatinous,
blood-red-colored layer on damp soil or wood or walls with cal-
careous material or brickwork (Sheath and Sherwood, 2002).
One genus, Rufusia D. E. Wujek et Timpano (1986), is described
from Costa Rica and Panama and is only known in sloth hairs.

Benthic marine red algae are ecologically important. Almost
all red algae are primary producers, with the exception of the
very few parasitic species, providing food, oxygen, and structural
habitat for herbivorous and omnivorous micro- to macroinver-
tebrates and fish, herbivorous sea turtles, and Galdpagos marine
iguanas. Herbivorous marine mammals, the manatees and du-
gongs, also ingest red algal epiphytes while grazing on seagrasses.
Crustose corallines and calcified peyssonnelioids are important
components in the buildup of layers of biotic (coral) reef struc-
ture. Others, as free-living rhodoliths or maerl, are harvested in
coastal regions or sometimes dredged, crushed, and used as fertil-
izers or soil conditioners in agriculture and gardening (see discus-
sion of Corallinales herein). Some red algal species are harvested
in the field or grown in mariculture or aquaculture to be used as
human foods or are used by the phycocolloid medical or cosmetic

industries for their natural products, including antioxidants, cy-
totoxins, and other bioactive compounds (see, e.g., Naylor, 1976;
Dawes, 1987; Ohno and Critchley, 1993; Jones, 2008; Zubia et
al., 2009; Tierney et al., 2010; see also discussion of Pyropia,
Tacanoosca, Gelidiales, and Gracilariales herein).

The Rhodophyta are one of the oldest groups of eukaryotic
algae. Possible fossils of red algae may be from about 2 Bya (bil-
lion years ago) (Tappan, 1976). The noncalcified, filamentous
Bangiomorpha N. J. Butterfield (2000), which resembles the liv-
ing species of Bangia, originated about 1.2 BYA in the late Me-
soproterozoic to early Neoproterozoic (Butterfield et al., 1990;
Butterfield, 2000). It is generally accepted that the plastids of red
(Rhodophyta), green (Chlorophyta), and “glaucophyte” algae
share a common ancestry, having originated from a cyanobacterial
endosymbiosis (Cavalier-Smith, 1986; Bhattacharya and Medlin,
1995; Delwiche et al., 1995; Delwiche, 1999, 2007; Moreira et
al., 2000; Bhattacharya et al., 2004; Rodriguez-Ezpeleta et al.,
2005; Yoon et al., 2006a, 2006b; Reyes-Prieto et al., 2007). The
Rhodophyta is one of the three “primary” plastid-containing
groups taxonomically classified within the kingdom Plantae
Haeckel, 1866 (Cavalier-Smith, 1998) or more recently consid-
ered to be within the Archaeplastida Adl et al. (2005, 2012).

Pseudoparenchymatous red algae have been recognized
and described from as early as the late Neoproterozoic, about
600-550 mya (million years ago), and were apparently non-
calcified when living (Xiao et al., 1998; Xiao and Knoll, 2000;
Saunders and Hommersand, 2004). The simple pseudoparenchy-
matous red algae, such as Wengania (Zhang, 1989; Zhang et
al., 1998), are among the earliest lineages near the base of the
florideophytes, and the more complex pseudoparenchymatous
species (e.g., Thallophyca) represent stem groups of the coral-
line algae (Johnson, 1960, 1961; Xiao et al., 2004). Calcifying
red algae first appeared in the Paleozoic, 543-248 mya (Brooke
and Riding, 1998), and coralline red algae appeared in the Early
Cretaceous of the late Mesozoic, 144-65 MYA, and through the
Cenozoic, 65 MYA to present (Arias et al., 1995; Aguirre et al.,
2000, 2010). Among the orders of class Florideophyceae, there
is fossil evidence (Wray, 1977) that members of Corallinales may
go back to the Cretaceous (130 mya), and the Peyssonneliales
and Gigartinales diverged from the Late Jurassic (160 mYA).

Red algal taxonomists have followed and continuingly
modified the classification system of Schmitz (1889, 1892) and
Kylin (1956). It traditionally has been accepted that there were
two major groups of red algae, the Bangiophyceae and Florideo-
phyceae (e.g., Schaffner, 1922; Papenfuss, 1955; Silva et al.,
1996a; Abbott, 1999), with debate as to whether these groups
should be classes or subclasses. For years the higher classification
of the red algae remained in a state of flux (Dixon, 1973), with
members of the Bangiophycidae considered to be polyphyletic
(Miiller et al., 2003, 2005b; Sutherland et al., 2011) and those of
the Florideophycidae considered to be monophyletic (Gabrielson
and Garbary, 1986, 1987; Garbary and Gabrielson, 1990).

More recently, three systems of higher classifications have
been proposed on the basis of molecular, phylogenetic, and mor-
phological analyses (e.g., Saunders and Hommersand, 2004; Adl



et al., 2005, 2012; Yoon et al., 2006b). Saunders and Hommer-
sand (2004) described the subkingdom Rhodoplantae G. W.
Saunders et Hommersand with two phyla of red algae: (1) the
Cyanidiophyta Moehn ex Doweld (2001), with a single class,
Cyanidiophyceae Merola et al. (1981); and (2) the Rhodophyta
to include three subphyla: Rhodellophytina Cavalier-Smith
(1998), with the class Rhodellophyceae Cavalier-Smith (1998);
Metarhodophytina (Magne) G. W. Saunders et Hommersand
(2004), with the class Compsopogonophyceae G. W. Saunders
et Hommersand (2004); and Eurhodophytina G. W. Saunders
et Hommersand (2004), with the classes Bangiophyceae and
Florideophyceae.

The major lineages of red algae proposed by Adl et al.
(2005) in their system recognized the Rhodophyta as one of nine
groups in the Archaeplastida. The Chlorophyta (“green algae™)
and Embryophyta (Plantae; “land plants”) are within the Chlo-
roplastida (Adl et al., 2012).
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In a third system, Yoon et al. (2006b) considered the red
algae to belong to a single phylum, the Rhodophyta, that con-
tains two subphyla: (1) the subphylum Cyanidiophytina Yoon
et al. (2006b), with a single class, the Cyanidiophyceae; and (2)
a new subphylum, the Rhodophytina Yoon et al. (2006b), with
six classes: Compsopogonophyceae, Stylonematophyceae Yoon
et al. (2006b), Porphyridiophyceae Kylin (1937), Rhodellophy-
ceae, Bangiophyceae, and Florideophyceae. Of these classes, the
Bangiophyceae and Florideophyceae are herein treated as mem-
bers of the subphylum Eurhodophytina.

Two of the three subphyla of the Rhodophyta are well rep-
resented in the northern Gulf of California: the Rhodophytina
H. S. Yoon et al. with two of its classes; and the Eurhodophytina
(Magne) G. W. Saunders et Hommersand, also represented by
two of its classes. At present there are no members of the third
subphylum, the Cyanidiophytina H. S. Yoon et al. known in the
northern Gulf of California.

KEY TO THE SUBPHYLA OF RHODOPHYTA IN THE NORTHERN GULF OF CALIFORNIA

la. Algae uniseriate to multiseriate pseudofilaments (initially uniseriate then becoming multiseriate within a thick gelatinous
matrix); or erect or prostrate filaments (not pseudofilaments); disc-shaped or cushion-like; life histories biphasic or

ErPhaSIC . v e e e

..................................... Rhodophytina

1b. Erect to prostrate, uniseriate to multiseriate filaments; or narrow to broad sheet-like blades; or structurally more complex
forms, pseudoparenchymatous anatomy; life histories triphasic . ... ......cv i, Eurhodophytina

PART I: SUBPHYLUM RHODOPHYTINA

Rhodophytina H. S. Yoon, K. M. Miiller, Sheath, E Ott, et D. Bhattacharya,
2006b:490.
The subphylum Rhodophytina includes red algae that
are unicellular, pseudofilamentous, or multicellular. Cells have

plastids of various morphologies and associations with differ-
ing organelles. Life histories are unknown for many species, but,
where known, are either biphasic or triphasic.

REMARKS. Two classes of the Rhodophytina are rep-
resented in the Gulf of California.

KEY TO THE CLASSES OF RHODOPHYTINA IN THE NORTHERN GULF OF CALIFORNI

la. Algae uniseriate to multiseriate pseudofilaments (initially uniseriate then becoming multiseriate, with cells separated from

each other within a thick gelatinous matrix) ..........

............................... Stylonematophyceae

1b. Algae erect or prostrate filaments (not pseudofilaments); disc-shaped or cushion-like; life histories biphasic ..........

PART IA. STYLONEMATOPHYCEAE

Stylonematophyceae H. S. Yoon, K. M. Miiller, Sheath, E. Ott et D. Bhat-
tacharya, 2006b:490.

Class Stylonematophyceae includes red algae that are uni-
cellular, pseudofilamentous, or filamentous. Cells have plastids
of various morphologies, with or without a pyrenoid. Golgi are
associated with mitochondria and endoplasmic reticulum.

Asexual reproduction is by cell division or monospores.

REMARKS. The class is currently composed of two
orders: the Stylonematales, which is represented in the Gulf of
California, and the more recent Rufusiales Zuccarello et J. A.
West (in Zuccarello et al., 2008).

............................. Compsopogonophyceae

STYLONEMATALES

Stylonematales K. M. Drew, 1956b:73.
Chrootheceales E. D. Ott, 2009:554.

The Stylonematales is a monotypic order, with the charac-
teristics of the family.

STYLONEMATACEAE

Stylonemataceae K. M. Drew, 1956b:73.

Chrootheceaceae F. D. Ott, 2009:555.

Goniotrichiceae G. M. Smith, 1933:120, nom. superfl. [see Silva, 1980:
83].
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Algae of this family are usually uniseriate, simple to branched
pseudofilaments; others may be multiseriate, branched pseudo-
filaments. Cells of the pseudofilaments are separate from each
other within a conspicuous, thick gelatinous matrix. Growth is
by intercalary cell divisions. Cells are variable in shape, ovoid, el-
lipsoid, or cylindrical, and uninucleate, with most having a single
stellate chloroplast. Pit plugs are absent.

Asexual reproduction is by monospores and by direct meta-
morphosis of vegetative cells (with no apparent cell division)
that function as spores and are released by dissolution or rup-
ture of the enveloping gelatinous matrix. Sexual reproduction is
unknown.

Two genera of the Stylonemataceae are reported in the
northern Gulf of California.

KEY TO THE GENERA OF THE STYLONEMATACEAE IN THE NORTHERN GULF OF CALIFORNIA

la. False-branched pseudofilaments of several globose cells, blue-green to brownish, within a broad gelatinous sheath .. ..

..................................... Chroodactylon

1b. Irregularly branched, uniseriate or multiseriate, pseudofilaments of mostly rectangular, reddish cells within a compara-

tively narrower gelatinous sheath .................

Chroodactylon Hansgirg

Chroodactylon Hansgirg, 1885:14.
Asterocytis (Hansgirg) Gobi ex F. Schmitz, 1896:324.

Algae are false-branched pseudofilaments. Pseudofilaments
are composed of oval or elliptical cells that are enclosed within a
broad, gelatinous sheath. Cells are arranged in an irregular uni-
seriate manner. Cells are 3.0-16 pm in diameter, 6.0-20 pm in
length. Each cell contains a blue-green stellate, chloroplast, and
a prominent pyrenoid. There is usually one false branch about
every 200 pm of length of the pseudofilaments.

Asexual reproduction is by fragmentation and by mono-
spores. Sexual reproduction has not been found.

One species is reported in the northern Gulf of California.

Chroodactylon ornatum (C. Agardh) Basson

Conferva ornata C. Agardh, 1824:104.

Chroodactylon ornatum (C. Agardh) Basson, 1979:67, pl. IX: fig. 52; Stew-
art, 1991:61; Yoshida, 1998:426, fig. 3-1D; Sheath and Sherwood,
2002:123; Brodie and Irvine, 2003:42, fig. 5.

Asterocytis ornata (C. Agardh) G. Hamel, 1924:451, figs. b—d; Tanaka,
1944:79, figs. 1-2; Tanaka, 1952:11, fig. 6; Pham-Hoang, 1969:68, fig.
2.2; Lewin and Robertson, 1971:236.

Hormospora ramosa Thwaites in Harvey, 1848b: pl. 213.

Chroodactylon ramosum (Thwaites) Hansgirg, 1885:19; Abbott and Hol-
lenberg, 1976:283, fig. 225; Abbott, 1999:42, fig. 1A.

Goniotrichum ramosum (Thwaites) Hauck, 1885:517.

Asterocytis ramosa (Thwaites) Gobi ex F Schmitz, 1896:314; Huerta-
Mizquiz and Garza-Barrientos, 1975:7; Huerta-Muzquiz and
Mendoza-Gonzilez, 1985:46; Mendoza-Gonzilez and Mateo-Cid,
1986:420; Gonzalez-Gonzalez et al., 1996:302.

Algae forming filamentous tufts, blue-greenish in color, up
to 5 mm tall; pseudofilaments of false branches, 300 pm (or
more) in length, mostly about 25 pm in diameter; cells oval to
adaxially compressed, about 15-18 pm in diameter; within thick
gelatinous sheaths, sometimes up to 1(=3) mm thick (description
after Abbott and Hollenberg, 1976).

Sexual reproduction unknown.

HaBITAT.
terminalis; intertidal.

Epiphytic on Compsonema secundum f.

........................................ Stylonema

DISTRIBUTION. Gulf of California: Segundo Cerro
Prieto, Bahia Kino; Bahia de La Paz. Central Pacific: Hawaiian
Islands. Eastern Pacific: California; Isla Socorro (Islas Revilla-
gigedo). Western Pacific: Vietnam; Japan.

TyPE LOCALITY. Lake Milaren, bridge near Trans-
berg, Stockholm, Sweden.

REMARKS. Chroodactylon ornatum is a widely
distributed epiphyte, found on submerged plants and algae in
marine, brackish, and freshwater habitats (Womersley, 1994;
Sheath, 2003). Lewin and Robertson (1971), on the basis of
morphological changes correlated with different salinities in cul-
ture, questioned if the marine and freshwater inhabitants were
one or more species. However, most since then have accepted
them as a single species (e.g., Schneider and Searles, 1991; Wom-
ersley, 1994).

Stylonema Reinsch

Stylonema Reinsch, 1875:40; Wynne, 1985b:502-503.

Algae are mostly microscopic or sometimes minute,
consisting of cells embedded in a homogenous mucilaginous
sheath that may be unbranched or pseudodichotomously to ir-
regularly branched, uniseriate to multiseriate pseudofilaments,
or some may form a monostromatic blade. Species are attached
below by a typical cell or a slightly enlarged basal cell. Cells
are usually quadrate with rounded corners, or occasionally ob-
long, and have a single stellate chloroplast with a large, central
pyrenoid. Growth initially in the earliest stages of spore devel-
opment may be apical, then becomes intercalary or diffuse as
it grows.

Asexual reproduction occurs by transformation of the
entire contents of vegetative cells into archeosporangia. Each
archeosporangium releases a single archeospore (without a
cell wall) by moving through the surrounding mucilaginous
sheath or by dissolution of the sheath. Sexual reproduction is
unknown.

REMARKS. Species of Stylonema are usually epiphytic
or epizoic and are widely reported throughout temperate to trop-
ical waters.

There are two species known in the Gulf of California.
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KEY TO THE SPECIES OF STYLONEMA IN THE NORTHERN GULF OF CALIFORNIA

la. Pseudofilaments uniseriate below; above pseudofilament usually 1 cell (sometimes 2-3 cells) wide . ........ S. alsidii
1b. Pseudofilaments develop above a single basal cell becoming 2-6(-8) cells wide, usually with a single cell at the apex . ..

Stylonema alsidii (Zanardini) K. M. Drew

FIGURE 9A

Bangia alsidii Zanardini, 1839:136; 1841:217.

Stylonema alsidii (Zanardini) K. M. Drew, 1956b:72; Wynne, 1985b:503;
Scagel et al., 1989:261; Mateo-Cid and Mendoza-Gonzalez,
1991:18; Stewart, 1991:61; Mateo-Cid and Mendoza-Gonzilez,
1992:19; Mendoza-Gonzilez and Mateo-Cid, 1992:16; Serviere-
Zaragoza et al., 1993a:484; Stout and Dreckmann, 1993:9; Mateo-
Cid and Mendoza-Gonzalez, 1994b:38; Mendoza-Gonzilez et al.,
1994:104; Bula-Meyer, 1995:32; Mendoza-Gonzalez and Mateo-
Cid, 1996b:64, 83, pl. 1: fig. 2; Abbott, 1999:44, fig. 1B,C; L.
Aguilar-Rosas et al., 2000:130, 137; Mateo-Cid et al., 2000:63;
CONANTP, 2002:140; L. Aguilar-Rosas et al., 2002:234; Pacheco-
Ruiz and Zertuche-Gonzalez, 2002:467; Brodie and Irvine 2003:46,
figs. 7, 8; Dreckmann et al., 2006:154; Mateo-Cid et al., 2006:55,
62; R. Aguilar-Rosas et al., 2006a:53, fig. 2A,B; Pacheco-Ruiz et al.,
2008:205; Bernecker, 2009:CD-Rom p. 58.

Goniotrichum alsidii (Zanardini) M. Howe, 1914:75; Setchell and Gardner,
1924:741; Setchell and Gardner, 1930:151; Taylor, 1945:132; Tanaka,
1952:5, figs. 2, 3; Abbott and Hollenberg, 1976:280, fig. 222; Silva,
1979:315; R. Aguilar-Rosas, 1982:84; Schnetter and Bula-Meyer,
1982:108, pl. 9: fig. 1; Stewart and Stewart, 1984:142; Huerta-Mizquiz
and Mendoza-Gonzilez, 1985:46; Mendoza-Gonzalez and Mateo-Cid,
1985:28; Mendoza-Gonzalez and Mateo-Cid, 1986:421; Santelices and
Abbott, 1987:8; Salcedo-Martinez et al., 1988:83; Sanchez-Rodriguez
et al., 1989:41; Dreckmann et al., 1990:27, pl. 4: fig. 2; Ramirez and
Santelices, 1991:164; Gonzalez-Gonzalez, 1993:441; Ledn-Tejera and
Gonzilez-Gonzalez, 1993:496; Mateo-Cid and Mendoza-Gonzalez,
1994b:38; Gonzilez-Gonzilez et al., 1996:313; Riosmena-Rodriguez
et al., 2005a:33; Fernandez-Garcia et al., 2011:65.

Goniotrichum elegans var. alsidii (Zanardini) Zanardini, 1873:457, pl. 96A.

Bangia elegans Chauvin, 1842:33.

Goniotrichum elegans (Chauvin) Zanardini, 1847: 249; Rosenvinge,
1909:75, figs. 15, 16; Kylin, 1937:44, fig. 17A; Kylin, 1941:3; Smith,
1944:161, pl. 35: figs. 1, 2; Dawson, 1953a:3; 1957c:13; 1961b:401;
1962b:184, 229, fig. 38a, b; Dawson et al., 1964:30, pl. 2: fig. B; Daw-
son, 1966a:14; Dawson and Neushul, 1966:174; Huerta-Muzquiz and
Tirado-Lizarraga, 1970:127; Garbary et al., 1980b:144; Pedroche and
Gonzilez-Gonzalez, 1981:66; Stewart and Stewart, 1984:142; Santeli-
ces and Abbott, 1987:8; Gonzalez-Gonzilez et al., 1996:212.

Goniotrichum elegans (Chauvin) Le Jolis, 1863b:103; Kylin, 1925:6, fig.
1a,b; Dawson, 1944a:251.

Stylonema elegans (Chauvin) V. May, 1965:352.

Thalli minute epiphytes, 0.5-2.0 mm tall; pseudofilaments
uniseriate in lower portions, 12-15 pm in diameter, occasionally
becoming 2-3 cells wide in upper portions, 15-30 pm in diam-
eter; simple or irregularly branched; attached by a single basal
cell. Cells up to 10 pm in diameter, closely arranged within the
thick, hyaline, gelatinous matrix of the pseudofilament.

..................................... S. cornu-cervi

Asexual reproduction as described for genus; monospores
about 10 pm in diameter. Sexual reproduction unknown.

HABITAT. Epiphytic on various algae and sea grasses,
including species of Ulva, Bryopsis, Cladophora, Hincksia,
Sphacelaria, Sargassum, Amphiroa, Jania, Botryocladia, and
Branchioglossum; mid intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: El Tornillal
(Gulfo de Santa Clara) to Cabeza Ballena; Mazatlan, Sinaloa to
Jalisco. Eastern Pacific: northern British Columbia to Todos San-
tos, Baja California Sur; Isla Guadalupe; Isla Maria Magdalena
(Islas Marias; Islas Tres Marias); Jalisco to Chiapas; Costa Rica;
Panama; Colombia; Peru; Chile; Rapa Nui (Easter Island); Isla
Juan Ferndndez. Central Pacific: Hawaiian Islands. Western Pa-
cific: Japan.

TyPE LOCALITY. Trieste, Gulf of Trieste (in northern
part of the Adriatic Sea, near border with Slovenia), Italy.

REMARKS. Stylonema alsidii, usually growing as an
epiphyte on other algae or epizoic on invertebrates, is wide-
spread in temperate to tropical regions. Dawson (1953a, as “G.
elegans”) noted that some of the pseudofilaments of Gulf of Cali-
fornia specimens of S. alsidii were occasionally, irregularly mul-
tiseriate in the lower portions, a condition not generally reported
for the species elsewhere.

Stylonema cornu-cervi Reinsch

FIGURE 9B

Stylonema cornu-cervi Reinsch, 1875:40, pl. XV [Rhodophyceae]; Scagel et
al., 1989:261; Yoshida, 1998:430, fig. 3-1H; Abbott, 1999:44, fig. 1D;
Brodie and Irvine, 2003:49, fig. 9; R. Aguilar-Rosas et al., 2006a:55,
fig. 3A-C.

Gouniotrichum cornu-cervi (Reinsch) Hauck, 1885:519; Howe, 1914:
76; Kylin, 1925:6, fig. 1c—e; Kylin, 1937:41, fig. 17B; Tanaka,
1944:222, figs. 4, 5; Hollenberg, 1948:156; Tanaka, 1952:9,
fig. 5; Dawson, 1961b:401; Dawson et al., 1964:30, pl. 63: fig.
A; Dawson and Neushul, 1966:174; Abbott and Hollenberg,
1976:280, fig. 223; Hawkes et al., 1978:101; Garbary et al.,
1981:146; Ramirez and Santelices, 1991:165; Gonzalez-Gonzilez
et al., 1996:212.

Algae microscopic epiphytes; of pseudofilaments, irregu-
larly pseudodichotomously branched, usually less than 1 mm
tall, 15-100 pm in diameter; lower portions mostly uniseriate,
above becoming 2-4 rows of cells (4-8 cells in cross section),
narrowing to uppermost portion, usually with only a single cell
at tip; attached by a distinctive basal cell, 6-9 pm in diameter
by 10-14 pm long. Cells ovoid, 4-8 pm diameter; irregularly
arranged within the thick, hyaline matrix of the pseudofilament.

Asexual reproduction as described for genus. Monospo-
rangia not observed in Gulf specimens. Sexual reproduction
unknown.
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FIGURE 9. Species of Stylonema. A. Stylonema alsidii: Habit showing branching pseudofilament with cells enclosed in gelatinous matrix,
regularly arranged and mostly uniseriate (J/N-4491b, epiphytic on Cladophora, US Alg. Coll. microscope slide 4268). B. Stylonema cornu-cervi:
Pseudofilament mostly multiseriate, with disc-shaped cells loosely and irregularly arranged in a gelatinous matrix, note the single basal cell and
single cell at tip (JN-4836, epiphytic on Anotrichium secundum, US Alg. Coll. microscope slide 4974).

HABITAT. Epiphytic on Anotrichium and Cla-
dophora and probably other algae; shallow subtidal, 5-15 m
depths.

DISTRIBUTION. Gulf of California: Punta Robinson
(vicinity of Puerto Libertad). Eastern Pacific: northern British
Columbia to Cabo Punta Banda (Bahia de Todos Santos), Baja
California; Peru; Chile; Isla Juan Fernandez. Central Pacific: Ha-
waiian Islands. Western Pacific: Japan.

TyreE LocALITY. Cres (northern island in Kvarner
Gulf), Adriatic Sea, Croatia.

REMARKS. A new record for the Gulf of California,
specimens of Stylonema cornu-cervi were found epiphytic on
Anotrichium (JN-4836), and a Cladophora (JN-4819b) that was
growing on Digenea simplex, both from Punta Robinson (east of
Puerto Libertad), Sonora.

PART IB. COMPSOPOGONOPHYCEAE

Compsopogonophyceae G. W. Saunders et Hommersand, 2004:1503.

The class Compsopogonophyceae includes red algae with
cells in which there is a Golgi-endoplasmic reticulum association
and plastids with encircling thylakoids. Reproductive monospo-
rangia and spermatia are produced by divisions by a curved wall
through normal vegetative cells. Carpogonia, where known, are
formed by the direct transformation of a vegetative cell. Life his-
tories, where known, are biphasic.

REMARKS.
nophyceae have lost the reproductive mode that is the accepted

Some of the members of the Compsopogo-

characteristic of this lineage (Nelson et al., 2003). However, as
noted by Saunders and Hommersand (2004) this does not alter
their overall taxonomic placement.



The class Compsopogonophyceae is represented by a single
order in the Gulf of California.

ERYTHROPELTIDALES

Erythropeltidales Garbary, G. 1. Hansen et Scagel, 1980b:149.

Algae are either crustose and discoid or erect and fila-
mentous or erect and membranous. Species are found growing
epi- and endophytic on various algae or sea grasses, epi- and
endozoic on invertebrates, or saxicolous on rocks or other hard
substratum. Structurally, the erect species are variable and may
be (1) uniseriate to multiseriate filaments that are simple to ir-
regularly branched, (2) membranous and saccate or ribbon-like
and, although usually entire, some may be divided, or (3) pros-
trate and crustose, of uniseriate filaments that are irregularly
branched that may tend to laterally coalesce. Cells have either
a single stellate plastid or band- to cup-shaped parietal plastids
and are with or without pyrenoids.

Asexual reproduction is by monospores that are cut off by
an oblique or unequal curving wall through a vegetative cell.
Sexual reproduction, where known, is by a carpogonium that
is formed by direct transformation of a vegetative cell. Sper-
matia are produced by repeated divisions of vegetative cells by
curved walls.
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REMARKS. Zuccarello et al. (2011) proposed that the
taxonomy of morphologically “simple” red algae—such as the
Erythropeltidales, which can be difficult to distinguish—could be
based on molecular studies.

One family occurs in the northern Gulf of California.

ERYTHROTRICHIACEAE

Erythrotrichiaceae G. M. Smith, 1933:120, 122; Smith, 1950:609 [see dis-
cussion of Silva et al., 1996a:912-915].
Erythropeltidaceae Skuja, 1939:33.

Algae of this family are entirely monostromatic, prostrate discs
(Erythrocladia); partly prostrate with a basal disc and erect simple
to branched filaments (Erythropeltis); crustose discs of radiating fil-
aments that coalesce (Sahlingia); filamentous or ribbon-like to sheet-
like (Erythrotrichia); or saccate and develop from a polystromatic
disc that ruptures to form a monostromatic sheet (Porphyropsis).

Reproduction is by monospores that are divided from the
vegetative cells by a curved wall.

REMARKS. A few members of the Erythrotrichiaceae
are ribbon-like or saccate to sheet-like, but only filamentous and
discoid species have been reported in the Gulf of California.

There are five genera represented in the northern Gulf of
California.

KEY TO THE GENERA OF ERYTHROTRICHIACEAE IN THE NORTHERN GULF OF CALIFORNIA

la. Thalli entirely prostrate (without erect filaments); either discoid (1 cell layer) or cushion-like (1-3 cell layers); composed
of laxly coalesced or free (not adjoined) branched prostrate filaments . .......... .. ... ... 2
1b. Thalli either a prostrate disc with erect filaments or erect and filamentous or ribbon-like, without a discoid portion ... 3
2a. Irregularly shaped disc, with irregular margins; most marginal filaments not laterally coalesced; branching from submar-
ginal cells; marginal cells not bifurcate; single parietal plastid with 1 central, usually irregular shaped pyrenoid .. ... ..
................................................................................. Erythrocladia
2b. Compact disc shape of laterally coalesced filaments throughout; margins mainly entire; bifurcate marginal cells present;
band-shaped or cup-shaped plastid, with circular pyrenoids . ........ ... . i Sablingia
3a. Cells contain a single parietal plastid without pyrenoids; a few erect, free filaments above a distinct, discoid prostrate
DS v et e e Erythropeltis
3b. Cells contain a stellate plastid with a single pyrenoid; free filaments above a discoid base or with free filaments attached
by basal cells (without a discoid base) . ... ... i e 4
4a. Erect filaments above a discoid base . ... ... e Porphyrostromium
4b. Erect filaments attached by rhizoids (without discoid portion); thalli uniseriate and cylindrical or becoming multiseriate

and compressed or flattened and ribbon-like .. ... ... . . L Erythrotrichia

Erythrocladia Rosenvinge

Erythrocladia Rosenvinge, 1909:71.

Algae are microscopic to minute; filaments develop and ra-
diate outward from the original spore and become irregularly
branched and laxly coalesced centrally into a monostromatic
disc. Disc remains monostromatic throughout or becomes polys-
tromatic and has margins that are more or less entire or irregu-
lar with some extending free filaments. Growth is apical and at
the margins in early stages of development and later becomes

diffuse. Cells have a single parietal plastid with one central pyre-
noid. Pit plugs are not present.

Asexual reproduction is by monospores and endospores.
Monospores are formed by the division of a vegetative cell into
two unequal portions, with the smaller developing into a sporan-
gium. Asexual endospores are formed by repeated cleavage of a
vegetative cell. Sexual reproduction is unknown.

There are two species of Erythrocladia reported in the Gulf
of California, along with another somewhat similar discoid,
prostrate epiphyte, a species of Sahlingia.
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KEY TO THE SPECIES OF ERYTHROCLADIA AND SAHLINGIA IN THE NORTHERN GULF OF CALIFORNIA

la. Endophytic within cell walls of other algae; filaments spreading out irregularly, later may become coalesced near center

........................... Erythrocladia endophloea

1b. Epiphytic on other algae; filaments centrally coalesced into a prostrate disc .. .......ouiiintnniinnn e, 2
2a. Irregular-shaped disc; margins uneven, with extending, elongated marginal cells (mostly not coalescing), each with a

rounded tip (not bifurcate) ........... ... .. .. ...,

............................ Erythrocladia irregularis

2b. Disc shaped; margins more or less entire; filaments coalesced throughout; marginal cells mostly coalescing; marginal

bifurcate cells present . ........ .. .. ...

Erythrocladia endophloea M. Howe
Erythrocladia endophloea M. Howe, 1914:81, pl. 30: figs. 1-7; Dawson et
al., 1964:31, pl. 29: figs. G,H; Heerebout, 1968:143; Ramirez and San-

telices, 1991:161; Schneider and Searles, 1991:180, fig. 212.
Erythrocladia recondita M. Howe et Hoyt, 1916:112, pl. 12: figs 1-5, pl. 13:

fig. 1; Huerta-Muzquiz and Mendoza-Gonzalez, 1985:46; Gonzalez-

Gonzilez et al., 1996:199.

Algae minute; primarily endophytic growing between cell
walls of other algae and sometimes also partly epiphytic. Initially
of irregularly branched prostrate filaments, tending to form an
incomplete network; later cells in central portions may partly co-
alesce into irregular discs, up to 180 pm in diameter, remaining
mostly monostromatic. Filaments branch laterally, subdichoto-
mously or irregularly, mostly from subterminal cells and remain
free outward. In surface view: outer cells of filaments variously
shaped; cells toward center portion ovoid to irregularly angular;
outward mostly elongated; 4.0-14 pm in diameter.

Monospores 4-5 pm in diameter (description after Howe,
1914).

HaBITAT.
ably other macroalgae; intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Bahia de Las
Animas; La Paz. Eastern Pacific: Peru.

TyPE LOCALITY. On Leptocladia peruviana, dredged
from 9 m depth; Bahia de Sechura, Departamento de Piura,
northern Peru.

REMARKS. Erythrocladia endophloea was recorded
in the Gulf of California by Huerta-Mizquiz and Mendoza-
Gonzalez (1985, as “E. recondita”). It is also tentatively identi-
fied infon a blade of H. californica from Bahia de Las Animas
(JN-3203b, US Alg. Coll. microscope slide 4251).

Endo-epiphytic on Halymenia and prob-

Erythrocladia irregularis Rosenvinge

FIGURE 10A

Erythrocladia irregularis Rosenvinge, 1909:72, figs. 11, 12; Kylin, 1925:9,
fig. 3A,B; Kylin, 1937:43, fig. 17C; Tanaka, 1944:93, fig. 14; Smith,
1944:166, pl. 37: fig.1; Dawson, 1944a:251; Tanaka, 1952:77,
fig. 37; Dawson, 1953a:5; 1961b:402; Heerebout, 1968:141, figs.
1-4; Abbott and Hollenberg, 1976:284, fig. 226; Huerta-Mtizquiz
and Mendoza-Gonzélez, 1985:46; Scagel et al., 1989:177; Stewart,
1991:61; Mateo-Cid and Mendoza-Gonzilez, 1991:18; Ramirez and
Santelices, 1991:161; Mateo-Cid and Mendoza-Gonzilez, 1992:19;
Gonzélez-Gonzdlez, 1993:441; Serviere-Zaragoza et al., 1993a:483;
Leon-Tejera and Gonzalez-Gonzalez, 1993:496; Mateo-Cid et al.,

............................... Sablingia subintegra

1993:46; Mateo-Cid and Mendoza-Gonzalez, 1994b:38; Mendoza-
Gonzilez et al., 1994:104; Gonzalez-Gonzalez et al., 1996:309, 389;
Mendoza-Gonzalez and Mateo-Cid, 1996b:65, 83, pl. 1: fig. 5; Yo-
shida, 1998:432, fig. 3-1I; CONANP, 2002:140 [as “Erythrotrichia
irregularis”]; Dreckmann et al., 2006:154; Mateo-Cid et al., 2006:55,

62; Pacheco-Ruiz et al., 2008:205; Zuccarello et al. 2010:366, fig. 3b—

g, thls. 1, 2.

Algae epiphytic, discoid, monostromatic (rarely distromatic),
up to 300 pm across; adhering directly to host. Irregularly shaped
discs; composed of prostrate filaments coalesced only in central
portion; outward with uneven margins of irregularly branched
filaments, mostly free from one another. Cells in central portion,
polygonal, up to 8 pm; cells of margins, 3—4 pm in diameter and
longer than wide; pyrenoids mostly irregularly shaped.

Asexual reproduction by subspherical monosporangia,
formed in central portion of disc. Sexual reproduction unknown.

FIGURE 10. Species of Erythrocladia and Sablingia. A. Erythro-
cladia irregularis: Prostrate disc with monospores (after Kylin, 1925:
fig. 3a). B. Sablingia subintegra: Prostrate disc with monospores
(after Kylin, 1925: fig. 3g, as Erythrocladia subintegra).




HABITAT. Epiphytic on species of Chaetomorpha,
Dictyota and probably other algae; intertidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Isla Turner (off SE end of Isla Tiburdn); Isla Estanque (Pond
Island); Bahia Concepcién to Bahia de La Paz; Mazatldn, Sinaloa
to Nayarit. Eastern Pacific: Alaska to Todos Santos, Baja Cali-
fornia Sur; Oaxaca to Chiapas; Chile. Western Pacific: Japan;
Korea.

TyrE LOCALITY. Epiphytic on Polysiphonia urceo-
lata; Mollegrund, about 0.8 km off Hirshals, Skagerrak, north-
ern Denmark.

REMARKS. Erythrocladia irregularis, the lectotype
of the genus (Kylin, 1956), has sometimes been considered to
be conspecific with Sablingia subintegra (e.g., Heerebout, 1968;
Garbary et al., 1981, both as Erythrocladia subintegra). Mor-
phologically E. irregularis differs primarily from S. subintegra in
being irregular-discoid in shape, the result of having free (non-
coalesced) marginal filaments that develop an irregular margin.
Kornmann and Sahling (1985) and Kornmann (1989) also used
development of the disc to further separate the two genera, with
the early development of Sahlingia being a four-celled stage and
a more regular disc shape with even margins.

Erythropeltis F. Schmitz

Erythropeltis F. Schmitz, 1896:313.

Algae epiphytic or epizoic; a prostrate monostromatic disc,
with or without a few, short erect filaments. Growth from mar-
ginal cells. Cells irregularly arranged within disc; with a single
parietal plastid. Monosporangia formed by oblique wall within
a vegetative cell.

REMARKS. Erythropeltis is apparently a monotypic
genus. Schmitz (in Schmitz et Hauptfleisch, 1896) originally de-
scribed the genus as only being discoid (without erect filaments),
having apparently overlooked the study of Berthold (1882a,
1882b), who had earlier described the generitype, Erythrotrichia
discigera, as a disc with erect filaments (see also Batters, 1900;
Rosenvinge, 1909; Silva et al., 1996a). Specimens identified as
Erythropeltis discigera were cultured by Kornmann (1984) and
Kornmann and Sahling (1985) and were found to have a hetero-
morphic life history of filamentous and discoid phases, which were
both reproduced by monospores. Although Erythropeltis discigera
is generally accepted as a species, it may be involved in the life his-
tory of Porphyrostromium ciliare (Brodie and Irvine, 2003). Fur-
ther study is needed to clarify the generic status of Erythropeltis.

There is one species of Erythropeltis reported in the north-
ern Gulf of California.

Erythropeltis discigera (Berthold) F. Schmitz

Erythrotrichia discigera Berthold, 1882a:511; Berthold, 1882b:25, pl. 1: figs.
15-18; Kylin, 1937:44, fig. 19A—C.

Erythropeltis discigera (Berthold) F. Schmitz, 1896:313, fig. 195; Dawson,
19442:252; 1953a:6; 1961b:401; Gonzalez-Gonzalez et al., 1996:199;
Brodie and Irvine, 2003:61.
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Algae epiphytic; prostrate and discoid; spreading, up to 300
pm across; margins irregular; either without erect filaments or
with a few short, erect filaments arising from the central por-
tion of disc. Discoid portion monostromatic to polystromatic, of
mostly polygonal cells, each with a single parietal plastid.

Monosporangia globose, cut off from originating cell by an
oblique wall.

HABITAT. Epiphytic on Sphacelaria and probably on
other algae; intertidal.
DISTRIBUTION. Gulf of California: Isla Tiburén

(Islas de la Cintura).

TyrE LocaLrIiTy.
pressa; Gulf of Naples, southwest coast of Italy, Tyrrhenian
Sea, Italy.

REMARKS. The taxonomic status of Erythropeltis
discigera is somewhat uncertain. Batters (1900) suggested
Erythrotrichia discigera Berthold, the generitype of the genus
Erythropeltis, may be a synonym of Bangia ciliaris Carmichael
ex Harvey (in W. J. Hooker, 1833). Later, Erythropeltis disci-
gera was also used as the type for another genus, Erythrotri-
chopeltis Kornmann (1984). Taxonomically, Kornmann (1984)
also considered it conspecific with Bangia ciliaris Carmichael

Epiphytic on Cystoseira com-

ex Harvey, making the combination Erythrotrichopeltis ciliaris
(Carmichael) Kornmann (which is now Porphyrostromium cili-
are (Carmichael ex Harvey) M. ]J. Wynne, 1986). Others have
kept Erythropeltis and Porphyrostromium separate (e.g., Fur-
nari et al., 2003), and Brodie and Irvine (2003), although recog-
nizing Erythropeltis discigera as a distinct species, noted it may
possibly be part of the life history of Porphyrostromium ciliare.
Comparative morphological, molecular, and culture studies are
needed on type locality Erythropeltis discigera and the Gulf of
California E. discigera to elucidate their taxonomic status and
possible relationship to P. ciliare.

Erythrotrichia Areschoug

Erythrotrichia Areschoug, 1850:435.

Algae are minute, erect, filaments that are uniseriate
throughout, uniseriate only in the lower portion and multiseri-
ate above, or multiseriate, flattened, and ribbon-like. They are
unbranched or occasionally branched and attached by rhizoids
from a basal cell or basal cells. Growth is usually apical in the
initial stages of development and then becomes intercalary and
diffuse. Each cell has a single, stellate plastid with a central pyre-
noid. Pit plugs are absent.

Asexual reproduction is by monospores. An oblique wall
is formed within the parent cell, dividing it into two unequal-
sized cells; the smaller portion becomes the monosporangium
that releases a single monospore. Sexual reproduction, where
known, is by a three-celled gametophyte, with the apical cell ini-
tially producing a spermatangium by oblique division. Following
the release of a single, very small, pale spermatium, the remain-
ing contents of the apical cell differentiate into a carpogonium.
Upon contact with a spermatium, the carpogonium fuses and
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develops a zygote that germinates directly on the gametophyte
and develops a linear series of diploid cells that, in turn, produce
monosporangia. Meiosis is likely somatic, occurring at the time
of monospore germination.

REMARKS.
often microscopic algae, and are usually epiphytic on vari-
ous larger algae or sea grasses. Acknowledging the difficulity
of separating these morphologically simple species, Zuccarello
et al. (20105 2011) noted future descriptions should include

Species of Erythrotrichia are minute,

molecular and morphological data from standardized culture
conditions.

There is one species in the southern Gulf, Erythrotrichia as-
cendens E. Y. Dawson (1953a), an epiphyte on Galaxaura, de-
scribed from a beach approximately 8.05 km [5 miles] north of
Cabo Pulmo, Baja California Sur.

Four other species of Erythrotrichia, including one with two
taxonomic forms (forma), are currently known from the north-
ern Gulf of California.

KEY TO THE SPECIES OF ERYTHROTRICHIA IN THE NORTHERN GULF OF CALIFORNIA

la. Filaments cylindrical throughout; attached by a single basal cell ....... ... ... .. . . . i i, 2
1b. Filaments cylindrical, compressed or flattened; attached by branched rhizoidal processes from lowermost basal cell ... 4
2a. Lowermost basal cell elongated and tapering downward; penetrating cortical cells of algal host . ........ E. biseriata
2b. Lowermost basal cell lobed (not tapered) at point of attachment on surface of algal host (not penetrating host) . . . . . 3
3a. Filaments up to 3 mm long, 12-30 pm in diameter; monosporangia small, 5.0-10 pm in diameter ... E. carnea f. carnea

3b. Filaments shorter and narrower, mostly less than 1 mm long and 9.0-12 pm in diameter; monosporangia slightly larger,

about 12 pmin diameter . ...........viiii..

.................................. E. carnea f. tenuis

4a. Cylindrical in lower portion and broadening in upper portion, up to 4(-8) rows of cells wide, with cells in transverse

FOWS o ettt e e e e e e e e e e e e
4b. Mostly cylindrical throughout; only 1-2 cells wide . . ..

Erythrotrichia biseriata Tak. Tanaka
FIGURES 11, 12A-C
Erythrotrichia biseriata Tak. Tanaka, 1944:86, fig. 8A-G; 1951:98; 1952:17,

fig. 8A-G; Dawson, 1953a:7; 1954a:4; 1961b:401; Huerta-Muzquiz

and Tirado-Lizarraga, 1970:127; Kajimura, 1979:98; Le6n-Tejera and

Gonzilez-Gonzalez, 1993:496; Gonzilez-Gonzilez et al., 1996:200,

390; Serviere-Zaragoza et al., 2007:9 [as “Erythrotrichia carnea.”]

Algae epiphytic, unbranched, more or less erect filaments,
1-2 mm long, 10-26 pm diameter; attached by a lowermost
basal cell penetrating cortical cells of algal host. Filaments ini-
tially uniseriate and remaining so in lower portions; later can be-
come 2 cells wide by longitudinal divisions in portions of upper
thallus (appearing more or less biseriate). Cells of filaments
within gelatinous matrix, about 3—4 um thick; cells usually not
as long as wide, more or less quadrate with rounded corners;
8-15 pm long by 10-22 pm in diameter; chloroplast stellate with
a central pyrenoid. Lowermost basal cell distinctive from above
cells; elongated and more slender, tapering downward, 25 pm in
length and 8 pm in diameter.

Asexual reproduction by ovate monospores, 6-8 pm by
5-7 um; apparently cutoff laterally (see Tanaka, 1944: fig. 8G).
Sexual reproduction unknown.

HABITAT. Epiphytic on Colpomenia, Halymenia, and
Tacanoosca uncinata; mid intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Libertad;
Bahia de Las Animas; Ensenada de San Francisco; Mazatldn.
Eastern Pacific: Isla San Benedicto (Islas Revillagigedo); Baja
California to Oaxaca. Western Pacific: Japan; Taiwan.

TyPE LOCALITY. Hachijo-jima (Hatidyo Island), Izu
islands, south of Tokyo, Japan.

REMARKS. Erythrotrichia biseriata was listed as a
synonym of E. carnea by Yoshida (1998) but without comment.

..................................... E. tetraseriata
................................ E. parksii var. minor

FIGURE 11. Erythrotrichia biseriata: Developing filament (not yet
biseriate) with the characteristic, penetrating linear-elongate basal
cell (arrow) (JN-3203c, epiphytic on Halymenia, US Alg. Coll. mi-
croscope slide 4251).
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FIGURE 12. Species of Erythrotrichia. A-C. Erythrotrichia bise-
riata: A. Part of a filament with monosporangia. B. Basal portion of
young filament with elongate basal cell. C. Upper part of biseriate
filament (A-C after Tanaka, 1952: fig. 8E, F, H). D, E. Erythro-
trichia carnea f. tenuis: D. Basal portion of young filament. E. Ma-
ture filament with monosporangia (D, E after Tanaka, 1944: fig. 13).

However, the species appears to be distinctive. The Gulf speci-
mens referred to E. biseriata are apparently developing juveniles,
with the characteristic long basal cell, that have not yet become
two cells wide in the upper portions (see Tanaka, 1944: fig. 8F).

Erythrotrichia carnea (Dillwyn) J. Agardh

Conferva carnea Dillwyn, 1807:54, pl. 84.

Erythrotrichia carnea (Dillwyn) J. Agardh, 1883:15, pl. 19; Kylin, 1937:43,
fig. 18B-Dj; Smith, 1944:164, pl. 35: figs. 3-7; Dawson, 1944a:252;
Tanaka, 1944:92, fig. 13A; 1951:97, fig. 1A-D; 1952:14, fig. 7A; Daw-
son, 1953a:10; 1957c:13; 1959d:4; 1961b:401; 1962b:170, 229, fig. 6;
1963c¢:5; 1966a:14; Dixon and West, 1967:253, fig. 1A-D; Heerebout,
1968:151, figs. 5-11, 14-18; Huerta-Muzquiz and Tirado-Lizarraga,
1970:127; Norris, 1973:8; Huerta-Muzquiz and Garza-Barrientos,
1975:7; Abbott and Hollenberg, 1976:286, fig. 228; Silva, 1979:315;
R. Aguilar-Rosas, 1982:84; Stewart and Stewart, 1984:142; Huerta-
Mizquiz and Mendoza-Gonzélez, 1985:46; Santelices and Abbott,
1987:8; Salcedo-Martinez et al., 1988:83; Sdnchez-Rodriguez et al.,
1989:41; Dreckmann et al., 1990:27, pl. 4: fig. 1; Rocha-Ramirez
and Siqueiros-Beltrones, 1991:26; Ramirez and Santelices, 1991:163;
Mateo-Cid and Mendoza-Gonzilez, 1991:18; Gonzalez-Gonzilez,
1993:441; Serviere-Zaragoza et al., 1993a:483; Ledn-Tejera and
Gonzilez-Gonzalez, 1993:496; Mendoza-Gonzilez et al., 1994:105;
R. Aguilar-Rosas and Aguilar-Rosas, 1994:519; Bula-Meyer, 1995:32;
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Gonzdlez-Gonzdlez et al., 1996:309; Anaya-Reyna and Riosmena-
Rodriguez, 1996:864, tbl. 1; Mendoza-Gonzilez and Mateo-Cid,
1996b:65, 83; Hoffman and Santelices, 1997:200, fig. 50(1-4); Yo-
shida, 1998:433; Abbott, 1999:45, fig. 1E; L. Aguilar-Rosas et al.,
2000:130, 137; Mateo-Cid et al., 2000:63; CONANP, 2002:140;
Leon-Tejera and Gonzélez-Gonzalez, 2000:327, 329, 330; Riosmena-
Rodriguez et al., 2005a:33; 2005b:102; Dreckmann et al., 2006:154;
Mateo-Cid et al., 2006:50, 55, 62; Serviere-Zaragoza et al., 2007:9;
Bernecker, 2009:CD-Rom p. 58; Fernandez-Garcia et al., 2011:61.

Conferva ceramicola Lyngbye, 1819:144, pl. 48D.

Erythrotrichia ceramicola (Lyngbye) Areschoug, 1850:435.

Algae epiphytic; unbranched, uniseriate filaments, 1-2(-3)
mm long and 12-27 pm in diameter; attached by lowermost basal
cell (narrower than above cells) with short lobes or with short
rhizoidal outgrowths. Cells of filaments, as long as wide or tend-
ing to be longer than wide, 14-30 pm in length and 12-27 pm
in diameter; possess a stellate plastid with large central pyrenoid.

Asexual reproduction by monosporangia cut off by oblique
division at distal end of cell; monospores 5-10 pm in diameter.
Sexual reproduction unknown.

HABITAT. Epiphytic on various algae, including spe-
cies of Chaetomorpha, Phyllodictyon, Dictyota, Sphacelaria, Pa-
dina, Amphiroa, Corallina, Gelidium, Gelidiopsis, Botryocladia,
and Anotrichium; intertidal to shallow subtidal.

DISTRIBUTION.
to Punta Los Frailes; Mazatlan, Sinaloa to Jalisco. Eastern Pa-
cific: Alaska to Chiapas; Isla Guadalupe; Isla San Benedicto
(Islas Revillagigedo); Clipperton Island; Costa Rica; Colombia;
Galdpagos Islands; Peru; Chile; Rapa Nui (Easter Island; Isla de
Pascua); Isla Juan Fernandez. Central Pacific: Hawaiian Islands.
Western Pacific: Japan; Korea.

TYPE LOCALITY. Epiphytic on other algae; mouth of
Loughor River, Glamorganshire (Loughor), Wales, United King-
dom (Brodie and Irvine, 2003:67) (epitype: Port Eynon, Gower,
Wales [Zuccarello et al., 2011:635]).

REMARKS. In the upper Gulf of California, Erythro-
trichia carnea has been reported on numerous host algal spe-
cies (e.g., Mateo-Cid et al., 2006). Dawson (1966a) observed E.
carnea to be mostly growing on deteriorating older algae in the

Gulf of California: Puerto Penasco

vicinity of Puerto Pefiasco.

Culture studies and molecular analysis of Zuccarello et al.
(2011) yielded seven separate lineages of E. carnea, one of which
(lineage 2) was close to the type locality and designed as an epi-
type. Although the other lineages could represent new genera,
because of their simple morphologies they could not be sepa-
rated, and Zuccarello et al. (2011) suggested they could be iden-
tified on the basis of their genetic and phylogenetic differences.

Erythrotrichia carnea {. tenuis Tak. Tanaka

FIGURE 12D,E

Erythrotrichia carnea f. tenuis Tak. Tanaka, 1944:92, fig. 13B-E; 1951:98;
1952:16, fig. 7B-E; Dawson, 1953a:10; Kajimura, 1979:98; Gonzélez-
Gonzilez et al., 1996:200.
Algae epiphytic; composed of simple, unbranched, uni-

seriate filaments, up to 1.0 mm long and 9-12 pm wide. Cells
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slender, of varying lengths, mostly squarish to elongate, with
rounded corners, 9-20(-30) pm long and 9-12 pm in diameter;
have a stellate plastid with a pyrenoid.

Monosporangia more or less spherical, about 12 pm in

diameter.

HABITAT. Epiphytic on Chaetomorpha, Padina, and
Gelidium; intertidal.

DISTRIBUTION. Gulf of California: Cabo Pulmo.

Eastern Pacific: Isla Guadalupe; Punta Santa Rosaliita (“Punta
Santa Rosalia”), Baja California; Guerrero. Western Pacific:
Japan.

TyrE LoOcCALITY. Several syntype localities were
listed by Tanaka (1944:92-93): “Ponape (Caroline Islands);
Garanbi (Taiwan); and in Japan, Yonakuni Is. (Okinawa Pref.),
Makurazaki (Satuma Prov.), Takamatu (Sanuki Prov.), Fukae
(Gotd Islands), and Hinomisaki (Izumo Prov.).”

REMARKS. Dawson (1953a) noted that most of the
Mexican specimens, with filaments of smaller size and slender
proportions, were in agreement with Erythrotrichia carnea f.
tenuis Tak. Tanaka. Although known in the southern Gulf, its
Gulf distribution is probably more widespread. Other Gulf re-
cords as “E. carnea” should be molecularly compared to the
Japanese E. carnea f. tenuis, and their taxonomic status needs to
be further evaluated.

Erythrotrichia parksii var. minor N. L. Gardner

FIGURE 13

Erythrotrichia parksii N. L. Gardner var. minor N. L. Gardner, 1927a:239,
pl. 24: figs. 6, 7; Scagel, 1957:125; Dawson, 1961b:401; Thom et al.,

1976:271; Hawkes et al., 1978:100.

Algae epiphytic; erect filaments, up to 4 mm tall and 15-20
pm in diameter; attached by irregularly branched rhizoids from
basal cell. Individual filaments more or less same diameter
throughout; composed of cells more or less quadrate, varying
in height (length) from much shorter to slightly taller than wide.
Cells with a band-shaped chloroplast.

Monosporangia formed from vegetative cell.

HABITAT. Epiphytic on Colpomenia tuberculata and
likely other algae; mid to low intertidal.

DISTRIBUTION. Gulf of California: Punta Pelicano,
vicinity of Puerto Pefiasco. Eastern Pacific: northern British Co-
lumbia to Washington.

TyrPeE LocALITY.
Bay, Washington, USA.

REMARKS. A new record for the Gulf of California,
specimens (JN-5037, US Alg. Coll. slide 4276) from Puerto
Pefiasco generally agree with the description of Erythrotrichia
parksii var. minor N. L. Gardner (1927a). Although smaller in
length, the Gulf E. parksii var. minor is similar in diameter and
has the characteristic monosporangia. Some structures inter-

Epiphytic on Cryptosiphonia; Neah

preted as “female gametangia (?)” in the type material by Gard-
ner (1927a) may possibly be “female” filaments with fertilization
tubes (protoplasmic prolongations) that were also observed in
our Puerto Pefiasco specimen (Figure 13A-C). Erythrotrichia
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FIGURE 13. Erythrotrichia parksii var. minor: A—C. Portions of
long unbranched, presumably female filament, some cells with “fer-
tilization tubes” (JN-5037, US Alg. Coll. microscope slide 4276).

parksii var. minor had been considered to be conspecific with E.
carnea (Desikachary et al., 1990), but for now the two are rec-
ognized to be morphologically distinct until needed culture and
molecular studies can assess their relationship.

Erythrotrichia tetraseriata N. L. Gardner

FIGURE 14

Erythrotrichia tetraseriata N. L. Gardner, 1927a:240; Dawson, 1953a:12,
pl. 1: fig. 55 1961b:402; Dawson and Neushul, 1966:174; Abbott and
Hollenberg, 1976:287, fig. 232; Pedroche and Gonzilez-Gonzilez,
1981:66; Pacheco-Ruiz and Aguilar-Rosas, 1984:71, 76; L. Aguilar-
Rosas et al., 1985:125; Huerta-Muzquiz and Mendoza-Gonzélez,
1985:48; Serviere-Zaragoza et al., 1993a:483; R. Aguilar-Rosas and
Aguilar-Rosas, 1994:519; Gonzélez-Gonzélez et al., 1996:200, 390,
fig. 27.

Erythrotrichia californica Kylin, 1941:3, fig. 1A-D; Smith, 1944:1635, pl. 36:
figs. 4, 5; Dawson, 1944a:252; 1953a:8, pl. 1: fig. 1A-D; 1961b:401;
Dawson and Neushul, 1966:174; Gonzalez-Gonzalez et al., 1996:200;
Pacheco-Ruiz and Zertuche-Gonzilez, 2002:467.

Algae epiphytic, unbranched filaments, 1.0-2.0(-4.0) mm
long, attached below by short, branched rhizoidal cells. Fila-
ments uniseriate in lower portions, 12-14 pm in diameter; upper
portions 20-40 pm in diameter, multiseriate, of 4 or more cells;
produced by successive longitudinal divisions. Cell shape slightly
variable, usually shorter than wide; chloroplasts band(?) shaped.

Asexual reproduction by monosporangia. Monosporangia
are cut off from cells in upper parts of filaments. Sexual repro-
duction unknown.
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FIGURE 14. Erythrotrichia tetraseriata: A, B. Portion of ma-
ture filaments seen with sporangia. C. Young filament with
attaching cells. D. Basal portion with multicellular attach-
ment structure (A-D after Kylin, 1941: fig. 1A-D, as Erythro-
trichia californica).
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HABITAT. Epiphytic on Sphacelaria and Cladophora
and probably other algae; low intertidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Bahia de Los Angeles; La Paz; Nayarit to Jalisco. Eastern
Pacific: central California to Isla Magdalena, Baja California;
Guerrero. Western Pacific: Korea.

TYPE LOCALITY. Epiphytic on Zostera marina; San
Pedro, Los Angeles County, southern California, USA.

REMARKS. Although Erythrotrichia tetraseriata was
considered conspecific with E. carnea by Desikachary et al.
(1990), on the basis of morphological differences it is retained
herein as a distinct entity until its taxonomic status can be evalu-
ated by culture and molecular studies.

Porphyrostromium Trevisan

Porphyrostromium Trevisan, 1848:100; Drew and Ross, 1965:97; Wynne,

1986:328-329.

Erythrotrichopeltis Kornmann, 1984:208.

Algae are composed of minute erect, filaments, only a few
millimeters long, that arise from a prostrate, monostromatic,
discoid base. Filaments are unbranched, initially uniseriate and
cylindrical, but may become multiseriate and compressed to flat-
tened, with cells in more or less longitudinal rows. Cells have
a plastid, are without pit plugs, and are with or without a py-
renoid. Growth is diffuse throughout the thallus, although it is
apparently apical during initial development.

Life histories are heteromorphic, with an erect phase (hair-like
filaments) and a prostrate discoid phase. Asexual reproduction is
by monospores, which develop by an unequal division (cytokine-
sis) of a vegetative cell. Monosporangia can be produced in both
the erect filaments or prostrate discs. Gametophytes are monoe-
cious with reproductive structures developed in the erect filaments.
Carpogonia are formed with short trichogynes. After fertilization
each carpogonium forms a zygosporangium that releases a single
zygospore. Upon germination, it grows into the prostrate disc,
which subsequently produces the erect hair-like filaments. Meiosis
is presumably somatic. Spermatangia are formed by unequal divi-
sion of vegetative cells, in which the smaller of the two resulting
cells becomes a spermatangium that releases a single spermatium.

REMARKS. Findings of Zuccarello et al. (2011) sup-
ported Porphyrostromium as a distinct genus, and they proposed
that their taxonomy be based on molecular and culture studies.

KEY TO THE SPECIES OF PORPHYROSTROMIUM AND ERYTHROPELTIS
IN THE NORTHERN GULF OF CALIFORNIA

la. Disc prostrate, monostromatic throughout (up to 300 pm in diameter); without or with erect, short, unbranched fila-

ments from central portion of disc . ................

.............................. Erythropeltis discigera

1b. Disc prostrate, monostromatic to pseudoparenchymatous; with erect, usually longer, unbranched filaments that are either

cylindrical to compressed or flattened and ribbon-like

2a. Filaments cylindrical (uniseriate) becoming compressed above (2—4 cells wide) ........... Porphyrostromium ciliare
2b. Filaments initially uniseriate, broadening and becoming flattened, ribbon-like (4-8 cells wide) .. ..................

......................... Porphyrostromium boryanum
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Porphyrostromium boryanum (Montagne) P. C. Silva

FIGURE 15A,B

Porphyra boryana Montagne, 1846b:150, pl. 3: fig. 2; Silva, 1952:300; Ar-
dré, 1970:179, pl. 4: figs. 10, 11 [portion of Montagne’s type specimen].

Porphyrostromium boryanum (Montagne) P. C. Silva in Silva et al.,
1996a:914; Zuccarello et al., 2011:634, fig. 3e-h.

Porphyrostromium boryi (Montagne) Trevisan, 1848:100, nom. illeg. [see
Silva in Silva et al. 1996a:914].

Erythrotrichia boryana (Montagne) Berthold, 1882b:25; Dawson, 1953a:7;
1961b:401; Heerebout, 1968:150, fig. 13; Garbary et al., 1980b:155;
Stewart and Stewart, 1984:142; Gonzalez-Gonzalez et al., 1996:200.

Erythrotrichopeltis boryana (Montagne) Kornmann, 1984:221.

Algae small prostrate discs, up to 3 mm in diameter, epi-
phytic on flat portions or encircling cylindrical portions of small
algae. Disc monostromatic to pseudoparenchymatous, with ir-
regular margins. A few short filaments projecting above the
surface of the discoid portion. Filaments initially uniseriate,
broadening and becoming flattened, ribbon-like above, mostly
4-18 cells wide (90-170 pm in width). Cells of disc irregularly
arranged; polygonal, with a single parietal plastid.

Monosporangia globose. Sexual reproduction unknown.

HABITAT. Epiphytic on other algae.

DISTRIBUTION. Gulf of California: Puerto Pefiasco.
Eastern Pacific: Isla Guadalupe; southern British Columbia to
Bahia Asuncién, Baja California; Peru.

FIGURE 15. Species of Porphyrostromium. A, B. Porphyrostro-
mium boryanum: A. Upper portion of thallus. B. Basal portion of
thallus (A, B after Ardré, 1970: pl. 4: figs. 10, 11). C. Porphyrostro-
mium ciliare: Young thallus showing development of the monostro-
matic basal disc (after Dawson, 1953a: pl. 1, fig. 2, as Erythrotrichia
ciliaris).

TyreE LOCALITY. On Gelidium corneum; Fort des
Anglais, Algeria (Ardré, 1970).

REMARKS. Porphyrostromium boryanum is not well
known in the northern Gulf. Culture studies of Zuccarello et al.
(2011) showed that mature flat thalli of P. boryanum can be con-
siderabily larger, up to 4 mm wide and 1-3 ¢m in length. Silva (in
Silva et al. 1996a:914) noted the correct name is P. boryanum,
and that “boryi and boryana are two distinct epithets rather than
orthographic variants” and not correctable to “P. boryana™ (as
done by Wynne, 1986; Scagel et al., 1989).

Porphyrostromium ciliare (Carmichael ex Harvey) M. J. Wynne

FIGURE 15C

Bangia ciliaris Carmichael ex Harvey in W. J. Hooker, 1833:316.

Porphyrostromium ciliare (Carmichael ex Harvey) M. J. Wynne, 1986:329;
Zuccarello et al., 2011: fig. 3a-d.

Erythrotrichopeltis ciliaris (Carmichael ex Harvey) Kornmann, 1984:208.

Erythrotrichia ciliaris (Carmichael ex Harvey) Thuret, 1854:387-389; Th-
uret in Le Jolis, 1863a: Exsiccate No. 188 [see Sayer, 1975:357]; Thuret
in Le Jolis, 1863b:103.

Erythrotrichia ciliaris (Carmichael ex Harvey) Batters, 1900:374; Dawson,
1953a [in part]:10, pl. 1: fig. 2; 1961b:401; Gonzalez-Gonzilez et al.,
1996:200.

Algae microscopic prostrate discs, up to 350 pm in diameter;
epiphytic on other compressed to flat algae or encircling some cy-
lindrical small algae. Disc monostromatic to pseudoparenchyma-
tous; with irregular margins; with few short filaments projecting
above surface of the prostrate portion; filaments initially uniseriate
in lower portion, 15-20 pm in diameter, above (distally) becoming
24 cells wide, 3040 pm in diameter. Cells of disc irregularly ar-
ranged; polygonal, with a single plastid and a pyrenoid.

Monosporangia globose. Sexual reproduction unknown.

HABITAT. Epiphytic on and encircling filaments of
Sphacelaria; intertidal.
DISTRIBUTION. Gulf of California: Isla Tiburén.

Eastern Pacific: British Columbia to Punta Banda, Baja Califor-
nia; Isla Cedros (off central Baja California); Peru.

TyPE LocCALITY. Epiphytic on Zostera; Appin, Ar-
gyll, Scotland, United Kingdom (Dawson, 1953a).

REMARKS. Porphyrostromium ciliare is apparently
known from only one northern Gulf collection, and its presence
in the Gulf of California needs to be verified. The relationship of
Gulf specimens referred to P. ciliare and E. discigera also needs to
be investigated (see also Remarks under Erythropeltis discigera).

Sahlingia Kornmann

Sahlingia Kornmann, 1989:227.

Algae are compact, single-layered prostrate discs, composed
of laterally adjoined, radiating, pseudodichotomously to irregu-
larly branched prostrate filaments. Growth is by oblique divi-
sions of the marginal cells in an alternating sequence. Intercalary
growth can also occur in the central portions of the disc. Cells
of the center and outward toward the margins are rectangular to



irregular; bifurcate cells present in the outermost margin. Cells
have several band-shaped or cup-shaped plastids, circular pyre-
noids, and they lack pit plugs.

Monosporangia are produced by unequal division of veg-
etative cells within the central part of the disc. The smaller of the
two resulting cells, separated by an oblique (curving) wall, be-
comes the monosporangium. Sexual reproduction is unknown.

REMARKS. Although it has been suggested that Sah-
lingia may be congeneric with Erythrocladia, Zuccarello et al.
(2010) recently provided molecular support for their generic
separation. In another study, Zuccarello et al. (2011) found
“Sablingia-like” discs in culture studies of some Porphyrostro-
mium. The reported Gulf of California species will need to be
cultured and molecularly tested to verify their taxonomy.

There is one species of Sahlingia in the northern Gulf of
California.

Sahlingia subintegra (Rosenvinge) Kornmann

FIGURE 10B

Erythrocladia subintegra Rosenvinge, 1909:73, figs. 13, 14; Borgesen,
1924:268; Kylin, 1925:9, fig. 3C-G; Inagaki, 1935:41; Kylin,
1937:43, fig. 17D; Kylin, 1941:3; Dawson, 1944a:251; Smith,
1944:166, pl. 36: fig. 6; Dawson, 1945¢:65; Hollenberg, 1948:156;
Tanaka, 1952:75, figs. 35, 36; Dawson, 1953a:5; 1961b:402;
1961¢:408, pl. 9: fig.2; 1962b:191, 229, fig. 53; Huerta-Miizquiz
and Tirado-Lizarraga, 1970:127; Huerta-Mizquiz and Garza-
Barrientos, 1975:7; Abbott and Hollenberg, 1976:284, fig. 227;
Schnetter and Bula-Meyer, 1982:109, pl. 11: figs. D, E; Pacheco-
Ruiz and Aguilar-Rosas, 1984:71, 76; Mendoza-Gonzalez and
Mateo-Cid, 1985:28; Huerta-Miizquiz and Mendoza-Gonzalez,
1985:46; Salcedo-Martinez et al., 1988:83; Dreckmann et al.,
1990:27; Mateo-Cid and Mendoza-Gonzilez, 1991:18; Stewart,
1991:61; Mendoza-Gonzilez and Mateo-Cid, 1992:16; Serviere-
Zaragoza et al., 1993a:483; Gonzéilez-Gonzdlez et al., 1996:309,
fig. 26; Yoshida, 1998:432, fig. 3-1].

Sahlingia subintegra (Rosenvinge) Kornmann, 1989:227, figs. 1, 6-13;
L. Aguilar-Rosas et al., 2000:130, 137; Mateo-Cid et al., 2000:63;
Serviere-Zaragoza et al., 2007:11; Zuccarello et al., 2010:365, figs.
2b-g, tbls. 1, 2; Fernandez-Garcia et al., 2011:64.

Erythropeltis subintegra Kornmann et Sahling, 1985:224, fig. 8; Bula-Meyer,
1995:32.

Erythrocladia irregularis f. subintegra (Rosenvinge) Garbary, G. I. Hansen et
Scagel, 1981:154.

Erythrotrichia polymorpha sensu Setchell and Gardner, 1924:741; Gonzélez-
Gonzélez et al., 1996:200 [non Erythrotrichia polymorpha M. Howe,
1914:77].

Algae epiphytic, monostromatic and disc shaped, up to

300 pm in diameter, composed of prostrate, laterally coalesced
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filaments throughout; outermost cells mostly bifucate; margins
entire, nearly even. Cells isodiametric or longer than wide, 2-5
pm wide and 5-12 pm long; pyrenoids circular.

Asexual reproduction by monosporangia, up to 15 pm in
diameter, formed in central part of disc. Sexual reproduction
unknown.

HABITAT. Epiphytic on various algae, including spe-
cies of Valoniopsis, Cladophora, Chaetomorpha, Dictyota, Poly-
siphonia, and Griffithsia; intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Cabeza Ballena; Nayarit to Jalisco. Eastern Pacific: Alaska
to Baja California; Colima to Oaxaca; Isla Socorro (Islas Re-
villagigedo); El Salvador; Costa Rica; Isla Gorgona, Colombia;
Rapa Nui (Easter Island; Isla de Pascua). Western Pacific: Japan;
Vietnam.

TyPE LOCALITY. Epiphytic on Polysiphonia urceo-
lata; Mollegrund, off Hirshals, Skagerrak, northern Denmark.

REMARKS. Heerebout (1968, as Erythrocladia subin-
tegra) suggested that Sahlingia subintegra and Erythrocladia ir-
regularis were conspecific. Later, E. subintegra was considered to
be a taxonomic form (forma), as E. irregularis f. subintegra Gar-
bary, G. I. Hansen et Scagel (1980). Since then, culture studies by
Kornmann (1989) showed differences in development following
germination and in the morphological characters of monospore
size and the disc margins, thus separating the two, and recog-
nizing S. subintegra with nearly even margins and E. irregularis
with uneven, irregular margins.

The presence or absence of pyrenoids was noted to be an
important generic character by Zuccarello et al. (2010). Pyre-
noids are not always evident in some Gulf specimens referred to
S. subintegra, possibly an artifact of preservation. This should
be carefully studied, particularly in freshly collected specimens,
as there may be more than one similar looking genus in the Gulf
of California.

PART Il: SUBPHYLUM EURHODOPHYTINA

Eurhodophycidae F Magne, 1989:112.
Eurhodophytina (FE Magne) G. W. Saunders et Hommersand, 2004:1503.
Ultrastructurally, the Golgi apparatus (Golgi body), an or-
ganelle within eukaryotic cells, is found in an endoplasmic re-
ticulum/mitochondrial association. Life histories, where known,
are biphasic or triphasic. Pit plugs are present between cells in at
least one stage of sexual life histories. (Diagnostic characters are
after Saunders and Hommersand, 2004.)
The subphylum Eurhodophytina contains two classes; both
are well represented in the northern Gulf of California.

KEY TO THE CLASSES OF THE EURHODOPHYTINA IN THE NORTHERN GULF OF CALIFORNIA

la. Thalli uniseriate filaments or monostromatic or distromatic blades; cells without pit plugs; female reproductive structures

comparatively simple .. ... ... . . i

.................................... Bangiophyceae
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1b. Thalli simple to branched filaments, or terete, compressed or flat, unbranched to branched cylindrical, strap-shaped to
broad blades; structurally simple to complex pseudoparenchymatous anatomy; cells with pit plugs; female reproductive

structures Complex . ..o v i it e

PART IIA. BANGIOPHYCEAE

Bangiophyceae Wettstein, 1901:187

The class Bangiophyceae contains microscopic to macro-
scopic algae that are of diverse morphologies. They may be (1)
unicellular; colonial masses of cells; (2) prostrate and disc shaped;
(3) simple to branched filaments; or (4) narrow to broad foli-
ose blades. Growth is by intercalary cell division (rarely apical).
Cells are uninucleate, generally with 1 or 2 plastids (variously
shaped parietal or disc-like plastids have been reported), and
may be with or without pyrenoids. The cells contain chlorophyll
a and one or more accessory pigments, including phycoerythrin
and phycocyanin that occur in discrete submicroscopic units, the
phycobilisomes. The predominance of one or the other of these
pigments provides rose-colored (phycoerythrin) or grayish-red-
colored (phycocyanin) thalli.

The reproductive structures of Bangiophycean algae are
less complicated than those of the Florideophyceae. Asexual re-
production is mostly by monospores, archeospores, or neutral
spores, produced by direct metamorphosis of a vegetative cell, or
by divisions of vegetative cells. Sexual reproduction is unknown
or at least not fully understood in most genera. Where reported,
sexual reproduction involves simple zygotogsporangia that are
formed by direct transformation of a vegetative cell. Spermatia
are also similarly produced by divisions of a vegetative cell. Fer-
tilized zygotosporangia develop zygotospores by divisions within
the transformed cell. Zygotospores (“carpospores”) of some spe-
cies, e.g., Porphyra, Pyropia, and Bangia, produce an epizoic or
endozoic, shell-boring, filamentous “Conchocelis-phase.”

REMARKS. The large class Bangiophyceae with its
subclass Bangiophycidae Wettstein (1901) contains two orders,
most of which are marine species but a few species are known
from freshwater.

The class is represented by some members of the Bangiales
in the northern Gulf of California.

BANGIALES

Bangiales Nigeli, 1847:136 [as “Bangiaceae” (see Silva et al., 1996a:914)].
Bangiales F. Schmitz in Engler, 1892:15.

Algae are of a variety of morphological forms, discoid, fila-
mentous, tubular, or foliose. In structure members are multicel-
lular and lack a conspicuous gelatinous matrix. Growth is by
intercalary cell division.

Asexual reproduction is by the formation of monospores,
archospores, or neutral spores, formed by division of a vegeta-
tive cell and development of the resulting smaller cells into spores.
What is apparently sexual reproduction (but difficult to interpret—
fertilization has not been convincingly demonstrated) occurs in

................................... Florideophyceae

most members. The zygotosporangium forms zygotospores by divi-
sion and redivision of the contents of a vegetative cell. Spermatia are
also formed by the repeated division of a vegetative cell’s contents.

REMARKS. Since some genera of the Bangiales were
found to be polyphyletic (Miiller et al., 2005a), at least 13 new
or resurrected genera have been recognized (Sutherland et al.,
2011).

A monotypic order, with some members, the Bangiaceae,
reported in the Gulf of California.

BANGIACEAE

Bangiaceae Engler, 1892:16, nom. cons.; Silva, 1980:80 [for name conserva-
tion of Bangiaceae, see Silva, 1980:106; 1993b:707].
Porphyraceae Kiitzing, 1843:382 [as “Porphyreae”].

Members of this family are of two morphologies, either
cylindrical, tubular filaments or flattened and blade-like. The
foliose members may be monostromatic (one cell layer) or dis-
tromatic (two cell layers) throughout. Cells are uninucleate, usu-
ally with one or sometimes with two plastids, but at least one has
multiple plastids. Plastids contain one pyrenoid.

Asexual reproduction is by repeated division of a vegeta-
tive cell into two or more smaller cells, each of which becomes
a monospore. In assumed sexual reproduction, a zygotosporan-
gium is formed by transformation of a vegetative cell, which
by further divisions produces zygotospores. A short trichogyne
has been reported in some, but this is in need of reinvestigation
(Dixon, 1973). Spermatia are also formed by division and redivi-
sion within vegetative cells.

Culture studies have shown heteromorphic life histories
involving macroscopic filaments (e.g., Bangia) or blades (e.g.,
Porphyra, Pyropia) and a microscopic, filamentous Conchocelis-
phase inhabiting shells or other calcium carbonate substrate
(Drew, 1949, 1954, 1956a; Kurogi,1953a, 1953b; Tseng and
Chang, 1954, 1955a, 1955b; Iwasaki, 1961; Conway and Cole,
1977). Additionally, the asexual stage of each of these phases
may repeatedly reproduce itself asexually depending on environ-
mental conditions, primarily photoperiod and temperature for
Bangia and Porphyra (see summary in Dixon, 1973).

REMARKS. Molecular sequencing and phylogenetic
analyses have elucidated many new taxa as well as the need for
reevaluation of generic concepts in the Bangiales (e.g., Nelson
et al., 2003, 2006; Niwa et al., 2003; Broom et al., 2004). The
generic separation of two of the genera, Bangia and Porphyra C.
Agardh (1824), is problematic as studies have revealed them in a
monophyletic lineage (e.g., Stiller and Waaland, 1993; Oliveira
et al., 1995; Miiller et al., 2001a, 2001b; Milstein and Oliveira,
2005). Miiller et al. (2003, 2005a) noted Bangia as well as Por-
phyra to be polyphyletic, and recently Sutherland et al. (2011)



provided molecular support for recognization of several genera,
six of which were found within Porphyra, and there are prob-
ably more taxa in Bangia. Despite habit differences, there are
no clear morphological or anatomical characters that support
generic separations that are consistent with their phylogenetic
relationships (Nelson et al., 2005; Zuccarello, 2011).
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There are two genera of Bangiaceae currently known in
the Gulf of California: the economically important genus Py-
ropia (e.g., Huerta-Muzquiz, 1961; Miyata and Notoya, 1997)
and the cosmopolitan Bangia. The microscopic Conchocelis-
phase has as yet remained undetected in the field in the Gulf of
California.

KEY TO THE GENERA OF BANGIACEAE IN THE NORTHERN GULF OF CALIFORNIA

la. Thallus filamentous, cylindrical; uniseriate in lower portions and distally 2 or more cells wide; or multiseriate through-

out, lower portions 4-6 cells wide, upward 6-20 cells wide
1b. Thallus foliose; flat monostromatic blades ... ........

Bangia Lyngbye

Bangia Lyngbye, 1819:82.

Algae are erect and may form clumps of a few to many un-
branched, cylindrical, purple-black to rusty-colored filaments,
2.0 mm to 35 cm long. Smaller or immature thalli are attached
by a dilated basal cell, which in older thalli becomes supple-
mented by a dense base of filiform rhizoids that grow downward
from lowermost cells of the filament. Filaments of cells may be
(1) multiseriate, (2) uniseriate in juvenile thalli and remain so, or
(3) initially uniseriate and become multiseriate and broader in
the upper portions of older thalli. Cells have a large plastid with
a single central pyrenoid.

Life histories, where known, involve an irregularly branched,
microscopic, filamentous Conchocelis-phase that is developed
from zygotospores of the Bangia-phase. Cells of Conchocelis-phase
filaments contain a ribbon-shaped plastid, grow within calcareous
shells (or other calcium carbonate substrates), and produce con-
chospores that germinate into the gametophytic Bangia-phase.

Reproductive cells, sporangia, and zygotosporangia or sper-
matangia, are formed by the differentiation of vegetative cells
in the upper regions of Bangia filaments. Monosporangia or
archeospores are produced on sporangial thalli, separate from

........................................ Bangia

.......................................... Pyropia

the gametophytic thalli. Zygotosporangia are formed by direct
transformation of vegetative cells into groups of 8 to 16 zygo-
tosporangia. Spermatangia are formed by repeated division of
vegetative cells into groups of 32-128 colorless, small spermatia.

REMARKS. Bangia species are mostly marine and
are worldwide in distribution in subtropical to boreal regions.
Taxonomically, species of Bangia are relatively simple filaments
and have been separated primarily on filament diameter and
karyotype. Molecular sequencing and phylogenetic analyses
have revealed new taxa, for example, new genera Minerva W. A.
Nelson, Dione W. A. Nelson (both in Nelson et al., 2005), and
Pseudobangia K. M. Miiller et Sheath (in Miller et al., 2005a)
that closely resemble Bangia. In addition to a resolved Bangia
clade that included Bangia, Clymene W. A. Nelson (in Suther-
land et al., 2011), and Porphyra, nine other marine filamentous
species of “Bangia” remain unresolved and may involve one or
more genera (Sutherland et al., 2011). Similar methodologies ap-
plied to Gulf of California Bangia species are needed to elucidate
their taxonomic status and phylogenetic relationships to other
Bangiales.

Two species of Bangia are recorded in the northern Gulf of
California, one known from Pacific Mexico and the other tenta-
tively referred to a California species.

KEY TO THE SPECIES OF BANGIA IN THE NORTHERN GULF OF CALIFORNIA

la. Filaments multiseriate throughout; 4—6 cells broad in lower portion, up to 20 cells wide in upper portion; simple

(unbranched) or with short, spur-like branches basally

............................... B. enteromorphoides

1b. Filaments uniseriate in basal portion, becoming multiseriate in upper portions; unbranched throughout ............

Bangia enteromorphoides E. Y. Dawson
FIGURE 16
Bangia enteromorphoides E. Y. Dawson, 1953a:13, pl. 1: fig. 8; 1961b:402;
Gonzilez-Gonzalez, 1993:441; Gonzilez-Gonzélez et al., 1996:175,
384.
Algae of several minute, cylindrical to broadening filaments,
up to 2 mm long, with broadly rounded apices; attached by a
mass of rhizoids, epiphytic or partially endophytic on surface
cells of host algae. Filaments about 20 pm in diameter, multise-
riate at base, of 4 transverse rows of cells; usually unbranched

or with a few spur-like branchlets in lower portion. Lowermost
portions of filaments in rows of 4(=6) cells producing attachment
rhizoids; upward with rows of 4-6 cells; upper portion becoming
broader, up to 150 pm wide; cells squarish to more or less angu-
lar, in transverse rows of up to 20 cells. Thalli initially solid, but
can become hollow above in larger specimens.

Asexual reproduction unknown. Spermatangia in groups
of 16-32 with some apparently nonreproductive cells among
them in fertile area of upper region of filaments. Carpogonia
not known.
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FIGURE 16. Bangia enteromorphoides: Rhizoids descending from
the lower 4 basal cells; upward the axis is 4 cells across (entangled
with JN-3030b, US Alg. Coll. microscope slide 8696).

HABITAT. Entangled with Asparagopsis and epiphytic
on Gelidium; low intertidal to shallow subtidal, down to at least
5 m depths.

DISTRIBUTION. Gulf of California: Punta La Gringa,
Bahia de Los Angeles; Mazatldn, Sinaloa to Jalisco. Eastern Pa-
cific: Oaxaca.

Tyre LocAaLITy. Epiphytic on Gelidium sclerophyl-
[um; north of El Faro de Olas Atlas, Mazatlan, Sinaloa, Gulf of
California, Mexico.

REMARKS. Apparently little known or overlooked,
Bangia enteromorphoides was described from the southern
Gulf of California (Dawson, 1953a). A single small specimen
(JN-3030b, US Alg. Coll. microscope slide 8696) from Punta La
Gringa, probably a juvenile, shows the characteristic 4-celled
row across the basal region and is tentatively referred to B. en-
teromorphoides. It is included in hopes that the species will again
be collected and its generic and specific status will be further
investigated.

Bangia vermicularis? Harvey

FIGURE 17

Bangia vermicularis Harvey, 1858:55, pl. 49: figs. A1-10; Kylin, 1941:4;
Smith, 1944:167, pl. 37: figs. 4-6; Dawson, 1961b:402; Sheath and
Cole, 1984:383; Scagel et al., 1986:128; Stewart, 1991:63; R. Aguilar-
Rosas and Aguilar-Rosas, 1994:519; Pacheco-Ruiz et al., 2008:205;
Lynch et al., 2008:609, figs. 7, 8.

Bangia fuscopurpurea [only Gulf of California and Pacific Mexico mate-
rial] sensu Tanaka, 1950:165, fig. 3; 1952:23, pl. 2: fig. 2; Dawson,
1953a:13; 1961b:402; 1962b:210, 229, fig. 108; Abbott and Hol-
lenberg, 1976:294, fig. 237; Silva, 1979:315; Pacheco-Ruiz and
Aguilar-Rosas, 1984:71,76; Huerta-Muzquiz and Mendoza-Gonzalez,
1985:48; Gonzalez-Gonzalez et al., 1996:302 [non Bangia fuscopur-
purea (Dillwyn) Lyngbye, 1819:83].

Bangia atropurpurea sensu Mateo-Cid and Mendoza-Gonzalez, 1994b:38;
Mendoza-Gonzilez et al.,, 1994:105; Hoffman and Santelices,
1997:206, fig. 52(1-5); Abbott, 1999:47, fig. 2A-E; Mateo-Cid et
al., 2000:63 [non Bangia atropurpurea (Roth) C. Agardh, 1824:76;
basionym: Conferva atropurpurea Mertens ex Roth, 1806:208; =Ban-
giadulcis atropurpurea (Roth) W. A. Nelson, 2007:885 (note that the
taxonomic status of Bangiadulcis is uncertain; see Silva and Nelson,
2008:1352; Wynne and Schneider, 2010)].

Algae of several, often entangled filaments, dark red to
purple-black, sometimes rusty brown, up to 3 c¢m long; usu-
ally growing in small to extensive patches. Filaments more or
less cylindrical and unbranched; uniseriate at base and initially
attached by a basal cell; later becoming attached by rhizoids
descending from lowermost cells. Filaments mostly 40-60 pm
in diameter, with cells usually wider than long. Uniseriate fila-
ments become multiseriate in upper portions; filaments may be
slightly constricted; cells may be as long as or longer than wide,
sometimes arranged in more or less transverse rows. Cells about
(4-)6-12 pm tall and (8.0-)10-15 pm in diameter; in upper por-
tions, cells (12-)14-20 pm tall and 15-20 pm in diameter.

Asexual reproduction unknown in Gulf material. Carpogo-
nium formed by transformation of vegetative cell. Spermatia 3—4
pm in diameter, formed by repeated divisions of vegetative cells.

HABITAT. On rocks; high to upper mid intertidal.

DISTRIBUTION. Gulf of California: Isla Partida; La
Paz to Punta Arena; Mazatlin. Eastern Pacific: Alaska to Costa
Rica; Chile. Western Pacific: Japan.

Tyre LocavrITy. “Golden Gate” entrance to San
Francisco Bay (Harvey, 1858) (probably below what is now the
Golden Gate Bridge at Fort Point or the San Francisco Presidio
[Silva, 1979]), San Francisco, San Francisco County, northern
California, USA.

REMARKS.
nomenclatural debate over species limits and the number of spe-
cies included in Bangia. Although often considered to be a single
> with
a worldwide distribution, others have recognized that there are

There is a long history of taxonomic and

morphologically variable species, as “B. fuscopurpurea,’

distinct taxa among populations of Bangia. Initially, Miiller et al.
(2003, as “B. fuscopurpurea”) concluded that the marine Bangia
from the Pacific and Atlantic coasts of North America should be
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FIGURE 17. Bangia vermicularis?: A. Basal portion. B. Middle por-
tion. C. Upper portions of thallus (A-C, after G. M. Smith, 1944: pl.
37, figs. 4-6).

referred to as a single entity until their phylogenetic relationships
can be resolved (see also Miiller et al., 1998) and later pointed
out that Bangia as well as Porphyra are polyphyletic (Miller et
al., 2005a). Muller et al. (2003) provided evidence that there are
several distinct clades of specimens identified as “B. fuscopur-
purea (Dillwyn) Lyngbye (1819),” and more recently, Sutherland
etal. (2011) concluded that the genus to which the marine “Ba#n-
gia fuscopurpurea” belongs remains unknown.

Earlier cytological studies by Cole et al. (1983) and Sheath
and Cole (1984) indicated that there are two geographically sep-
arate, but similar looking, species (Smith, 1944) on the basis of
their chromosome numbers (n): the northeastern Pacific Bangia
vermicularis (n = 3) and the Atlantic “B. atropurpurea” (n =
4). However, Bangia atropurpurea (Roth) C. Agardh (1824) was
subsequently shown to belong to a new freshwater genus (Miuller
et al., 2003) as Bangiadulcis atropurpurea (Roth) W. A. Nelson
(2007); yet the taxonomic status of Bangiadulcis has been ques-
tioned by Silva and Nelson (2008).

All Gulf of California and Pacific Mexico material identi-
fied as “B. fuscopurpurea” needs to be reexamined. For now the
Gulf of California material is tentatively referred to the Pacific
Coast species, Bangia vermicularis. Although B. vermicularis
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and another northern California species, B. maxima N. L. Gard-
ner (1927a), have been treated as synonyms included within “B.
fuscopurpurea” by Abbott and Hollenberg (1976), Lynch et al.
(2008: figs. 7, 8) noted that despite their morphological similari-
ties, B. vermicularis and B. maxima were not particularly close
phylogenetic relatives.

Dawson (1953a, as “B. fuscopurpurea”) stated the Isla Par-
tida specimens were a morphological variant in which cells in the
lower portions of their filaments were longer than wide and less
than 8 pm in diameter. These dimensions are much smaller than
those of specimens from the Pacific coast of California, where B.
vermicularis is typically characterized to have much wider and
shorter cells in the lower portion that are about half as long as
broad, 10-15 pm in diameter and about 5-12 pm long (Abbott
and Hollenberg, 1976). The relationship of Gulf of California
specimens, herein referred to B. vermicularis with a query, to
the other species of Bangia and “Bangia-like” taxa needs further
morphological and molecular evidence to elucidate their taxo-
nomic status and relationships.

Pyropia J. Agardh

Pyropia J. Agardh, 1899:149, fig. Sa—d; Sutherland et al., 2011:1142.
Gametophytes are foliose, monostromatic, and of various
shapes, including linear, lanceolate, ovate, orbicular or funnel-
like, and mostly entire or sometime divided. Blades arise from
a small discoid holdfast composed of rhizoidal cells produced
from the basal cells. Color is variable between, and in some cases
within, species and may be rose to dark red, purple, or green or
combinations of these colors. Species range in size from a few
centimeters to some that can be several meters in length, with
blade margins that can be smooth, dentate, planar, undulate, or
ruffled. Cells in most of the species have a single plastid, although
some may have cells with two plastids. Pit plugs are absent.
Archeospores or neutral spores are known to be produced
by the blades of a few of the species (Nelson and Knight, 1996;
Nelson et al., 1999). The reproductive portions of the macro-
scopic gametophytes are either (1) monoecious with zygoto-
sporangia (sensu Guiry, 1990b) or spermatangia produced by
groups of cells; (2) monoecious and divided into zygotosporan-
gial and spermatangial groups separated by a vertical or horizon-
tal line; (3) monoecious with zygotosporangia or spermatangia
intermixed in fertile portions of the blade; or (4) dioecious. Two
of these groups develop continuous reproductive areas along
the blade margins: zygotosporangia and spermatangia in species
that are monoecious and sectored; and, zygotosporangia or sper-
matangia in dioecious species (after Sutherland et al., 2011).
The sporophytic, filamentous “Conchocelis-phase” is
known in the life histories of some of the species. In nature, its
branched, uniseriate filaments grow on and/or penetrate and
grow in calcareous substrata such as shells, coral rubble, or crus-
tose coralline algae. Cells of the “Conchocelis-phase” have pa-
rietal band-shaped to stellate plastids and pit plugs between the
cells. Asexual reproduction, where known, is by conchospores
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or monospores produced by the filamentous sporophyte (e.g.,
Kapraun and Luster, 1980, as Porphyra rosengurtii J. Coll et
J. Cox, 1977; which is now Pyropia elongata (Kylin) Neefus et
J. Brodie in Sutherland et al., 2011).

REMARKS. The foliose gametophytes of Pyropia
grow on hard substrata (such as rocks) or may be epiphytic or
epizoic. Some species are short-lived (ephemeral) and seasonal,
others live longer, through two or more seasons. Most of them
are found in subtropical, temperate, or sub-boreal waters.

Pioneering culture studies by Drew (1949, 1956a) of Por-
phyra umbilicalis Kutzing (1843), and by Kurogi (1953a, 1953b)
and Tseng and Chang (1954, 1955a, 1955b) on Porphyra ten-
era Kjellman (1897; which is now Pyropia tenera (Kjellman)
N. Kikuchi et M. Miyata in Sutherland et al., 2011) revealed
heteromorphic life histories involving the foliose-phase and the
filamentous Conchocelis-phase (see also Iwasaki, 1961; Con-
way and Cole, 1977). Porphyra was found to have the most
primitive plastid genome known (Reith and Munholland, 1995;
Reith, 1995). Molecular studies of some species of Porphyra re-
vealed the genus to contain a polyphyletic assemblage of taxa
that, although divergent at the molecular level, have converged
on simple blade morphologies (e.g., Nelson et al., 2003, 2006).
Sutherland et al. (2011) provided molecular phylogenetic evi-
dence that the genus Porphyra should be based on Porphyra pur-
purea (Roth) C. Agardh (1824; basionym: Ulva purpurea Roth,
1797; e.g., Liu et al., 1994; Irvine and Brodie, 1997; Lindstrom
and Fredericq, 2003, as Porphyra rediviva Stiller et Waaland,
1996; Bray et al., 2007) and restricted Porphyra to five species.
The rest of the previously known species of “Porphyra” belong
in six different genera: Boreophyllum S. C. Lindstrom, N. Kiku-
chi, M. Miyata et Neefus (in Sutherland et al., 2011), Fuscifo-
lium S. C. Lindstrom (in Sutherland et al., 2011), Lysithea W. A.
Nelson (in Sutherland et al., 2011), Miuraea N. Kikuchi, S. Arai,
G. Yoshida, J. A. Shin et M. Miyata (in Sutherland et al., 2011),
Pyropia J. Agardh (1899), and Wildemania De Toni (1890).
There are more than 75 species previously in Porphyra that be-
long in Pyropia, a genus based on Pyropia californica J. Agardh
(1899; which is now Pyropia nereocyctis (C. L. Anderson) S. C.
Lindstrom in Sutherland et al., 2011; basionym: Porphyra nereo-
cystis C. L. Anderson in Blankinship and Keeler, 1892; Porphyra
nereocystis C. L. Anderson 1891, nom. nud.). Sutherland et al.
(2011) noted there are another eight probable genera that are to
be resolved in later studies.

Many species of Pyropia, including those of the Gulf of
California—until recently called Porphyra (Sutherland et al.,

2011; Zuccarello, 2011)—have a long history as food. It was
eaten as early as AD 668 in coastal regions of the Korean pen-
insula and at least since AD 701 in Japan, where around AD
987 it was referred to as a common food (Miyata and Notoya,
1997). Korean texts mention cultivation of “Porphyra” as early
as 1420, and it was probably introduced to China in 1429. It
has been a traditional food since antiquity, with cultural and
nutritional importance to indigenous people of the northeastern
Pacific Coast (Turner, 2003).

The species of Porphyra and Pyropia may be the single most
important seaweed food in the world. Since the 1950s the biol-
ogy of “Porphyra” has been extensively studied because of its
economic value to the mariculture industry in the production of
nori or amanori (Japan and China), gim (Korea), or purple laver
(England and Ireland) (e.g., Mumford and Miura, 1989; Miyata
and Notoya, 1997; Yoshida, 1997). Today the major produc-
ers of nori are Japan, Korea, and China, with an annual market
value of over US$2 billion. Although Gulf of California species
may have economic potential, they are not currently being com-
mercially grown or harvested (e.g., Zertuche-Gonzalez, 1994). A
species of Pyropia, or possibly Porphyra, from Baja California
was noted by Huerta-Muzquiz (1961, as “Porphyra perforata
var. segregata”) to be of economic interest.

One species of foliose Pyropia has been reported in the
southern Gulf from La Paz (Huerta-Mitzquiz and Mendoza-
Gonzélez, 1985): Pyropia perforata (J. Agardh) S. C. Lindstrom
in Sutherland et al. (2011), a California species recorded from
Alaska to Pacific Baja California Sur (Dawson, 1953a; Abbott
and Hollenberg, 1976; Huerta-Muzquiz, 1978; Pacheco-Ruiz
and Aguilar-Rosas, 1984; Scagel et al., 1989; Mateo-Cid and
Mendoza-Gonzélez, 1994b:38; Pacheco-Ruiz et al., 2005b; all
as Porphyra perforata ]J. Agardh, 1883). In addition to Pyro-
pia perforata there are five other species also recorded from the
Pacific coast of Mexico (R. Aguilar-Rosas et al., 2007b): Py-
ropia gardneri (G. M. Smith et Hollenberg) S. C. Lindstrom,
P. lanceolata (Setchell et Hus) S. C. Lindstrom, P. suborbiculata
(Kjellman) J. E. Sutherland, H. G. Choi, M. S. Hwang et W. A.
Nelson, and P. thuretii (Setchell et E. Y. Dawson) J. E. Suther-
land, L. E. Aguilar-Rosas et R. Aguilar-Rosas (all four new com-
binations in Sutherland et al. , 2011), and the newly described
P. raulaguilarii Mateo-Cid, Mendoza-Gonzalez et Senties (in
Mateo-Cid et al., 2012).

Three species of Pyropia are present in the northern Gulf of
California. All are monostromatic species, and two of them are
endemic.

KEY TO THE SPECIES OF PYROPIA IN THE NORTHERN GULF OF CALIFORNIA

la. Blades monoecious; broadly reniform to lanceolate; rose to purplish .. .. .. ... o i i i P. thuretii
1b. Blades dioecious; linear to ligulate or oval to sometimes broader thantall ......... ... ... ... ... ... ...... 2
2a. Blades long, linear to ligulate, comparatively narrow, 0.3-1.2 cm wide; pale to bright rose; zygotosporangia in packets of

8; spermatia in packetsof 128 ....................

........................................ P. pendula

2b. Blades mostly wider, generally more than 2.0 cm, up to 4.0 cm in width; lanceolate to broadly oval; entire or divided; pale
rose to greenish or purplish red; zygotosporangia in packets of 8; spermatia in packetsof 64 ......... P. hollenbergii



Pyropia hollenbergii (E. Y. Dawson) J. E. Sutherland,
L. E. Aguilar-Rosas et R. Aguilar-Rosas

Porphyra hollenbergii E. Y. Dawson, 1953a:14, pl. 13: fig. 1; 1959a:19;
1961b:402; Gonzalez-Gonzilez et al., 1996:257; Yoshida et al., 1997:8,
fig. 3; Mateo-Cid et al., 2000:63; R. Aguilar-Rosas et al., 2007b:351,
figs. 1-10; Lopez-Vivas et al., 2011:520.

Pyropia hollenbergii (E. Y. Dawson) J. E. Sutherland, L. E. Aguilar-Rosas et
R. Aguilar-Rosas in Sutherland et al., 2011:1143.

Porphyra perforata f. segregata sensu Dawson, 1944a:253 [non Porphyra
perforata f. segregata Setchell et Hus in Hus, 1900:64, which is now
Porphyra segregata (Setchell et Hus) V. Krishnamurthy, 1972:44].
Algae one to several, monostromatic blades, lanceolate or

linear to ovate, sometimes obovate in lower portions with lan-

ceolate upper portions, or broadening upward, often more or less
divided (lacerated); 6-16(-22) cm long by 1.0-7.5 cm wide and

45-60 pm thick; pale rose to greenish rose or purplish red; at-

tached by rhizoids from basal cells, 25-40 pm long and 18-28

pm wide, forming a discoid holdfast. Cells in surface view, with a

thick cell wall, 12-20 pm in length, 8-12 pm wide; in transection,

cells slightly elongated, 10-23(=30) pm tall and 8-20 pm wide.
Asexual reproduction unknown. Gametophytes dioecious.

Zygotosporangia (“carposporangia”) in packets of 8 zygoto-

spores, darker red than vegetative cells; forming continuous

darker “reddish” patches along blade margins. Spermatangia on
separate thalli; in packets of 64 spermatia; forming continuous
whitish-yellowish margins on both sides of blade.

HABITAT. On intertidal rocks; mostly high to mid
intertidal.
DISTRIBUTION. Gulf of California: Bahia Bocochib-

ampo (west-northwest of Guaymas); Isla San Ildefonso to Bahia
Agua Verde; Punta Arena (north of Cabo Pulmo).

TyrE LocALITY. On upper intertidal rocks; Bahia
Agua Verde, Baja California Sur, Gulf of California, Mexico.

REMARKS. Pyropia hollenbergii is apparently an en-
demic species, generally found from winter to spring. It primarily
differs from other similar monostromatic, dioecious species of Py-
ropia by the number of packets of spermatia and its usually divided
thallus with ruffled margins and purplish to rose to slightly greenish
color (Dawson, 1953a). The life history phases of the Gulf P. hol-
lenbergii, the foliose gametophytes and filamentous Conchocelis-
phase, were found to be controlled by a combination of photoperiod
and high water temperatures (Lopez-Vivas et al., 2011).

The isotype of Pyropia hollenbergii shows variability in
shape, from more or less lanceolate to broader, oval forms (Por-
phyra hollenbergii: EYD-539-40, US Alg. Coll.-56865). The
broader forms of Pyropia hollenbergii can be somewhat similar
to Gulf Pyropia thuretii but differ primarily in being dioecious,
whereas P. thuretii is monoecious.

Pyropia pendula (E. Y. Dawson) J. E. Sutherland, L. E. Aguilar-
Rosas et R. Aguilar-Rosas

FIGURE 18B

Porphyra pendula E. Y. Dawson, 1953a:16, pl. 13: fig. 2; 1961b:402;
Espinoza-Avalos, 1993:333; Gonzilez-Gonzalez et al., 1996:258;
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Yoshida et al., 1997:11, fig. 3; Lopez-Vivas and Riosmena-Rodriguez,

2000:45; L. Aguilar-Rosas et al., 2004:121, figs. 2a—, 3—-10; Nelson et

al., 2006:250, 253, 254; Pacheco-Ruiz et al., 2008:205.

Pyropia pendula (E. Y. Dawson) J. E. Sutherland, L. E. Aguilar-Rosas et R.

Aguilar-Rosas in Sutherland et al., 2011:1144.

Algae of monostromatic blades, pale to bright rose, attached
by a very small discoid holdfast. Blades usually simple, sometimes
divided near base, linear-ligulate and pendent, to 25 c¢cm long,
3-12 mm wide; gradually becoming acuminate to apices, 45-50
pm thick; with ruffled margins. Cells irregularly shaped, to 11 pm
in diameter in surface view; usually to 25 pm tall in transection.

Asexual reproduction unknown. Zygotosporangia (“car-
posporangia”) with packets of 8 zygotospores (“carpospores™)
borne continuously along bright rose red margins and apices of
blade. Spermatangia with packets of 128 spermatia; borne con-
tinuously along yellowish margins and apices of blade.

HABITAT. On rocks; upper spray zone, and high to
mid intertidal.
DISTRIBUTION. Gulf of California: Isla Patos (off

north end of Isla Tiburén) to Isla Partida Norte; Isla San Pedro
Nolasco; Isla Carmén to Isla Espiritu Santo; Calerita to Punta
Coyote (vicinity of Bahia de La Paz).

TyPE LocALITY. On shaded cliff rocks, upper inter-
tidal spray zone; Isla Partida Norte (Isla Cordonazo), western
island of Islas de la Cintura, Gulf of California, Mexico.

REMARKS. Pyropia pendula is an endemic species of
the Gulf of California, recognized in the field by its linear to lan-
ceolate, often twisting, blades.

Pyropia thuretii (Setchell et E. Y. Dawson) J. E. Sutherland,
L. E. Aguilar-Rosas et R. Aguilar-Rosas

FIGURE 18A,C,D

Porphyra thuretii Setchell et E. Y. Dawson in Smith, 1944 [May]:171, pl.
40: fig. 2; Setchell et E. Y. Dawson in Dawson, 1944a[July]:253; Doty,
1947:161; Dawson, 1953a:18; 1961b:403; Dawson et al., 1964:32, pl.
28; Norris, 1973:8 [with query]; Abbott and Hollenberg, 1976:302,
fig. 246; Acleto O. and Endo, 1977:13, figs. 23-29; Garbary et al.,
1981:185; Hawkes, 1982:98, figs. 7-11; Scagel et al., 1989:242; Rocha-
Ramirez and Siqueiros-Beltrones, 1991:26, 32; Ramirez and Santelices,
1991:170; Lindstrom and Cole, 1992: 2069, tbls. 1-3; Gonzailez-
Gonzdlez et al., 1996:258; Yoshida et al., 1997:13, fig. 1; L. Aguilar-
Rosas et al., 2000:130, 137; CONANP, 2002:136; L. Aguilar-Rosas
and Aguilar-Rosas, 2003:159, figs. 2a—c, 3-10; Pacheco-Ruiz et al.,
2008:2035; Fernandez-Garcia et al., 2011:64.

Pyropia thuretii (Setchell et E. Y. Dawson) J. E. Sutherland, L. E. Aguilar-
Rosas et R. Aguilar-Rosas in Sutherland et al., 2011:1145.

Porphyra leucosticta sensu Hus, 1902:199, pl. 20: figs. 1a-3b; Howe,
1911:499; Gonzalez-Gonzalez et al., 1996:258 [non Porphyra leucost-
icta Thuret in Le Jolis, 1863b:100; which is now Pyropia leucosticta
(Thuret) Neefus et J. Brodie in Sutherland et al., 2011:1144].

Porphyra naiadum sensu Taylor, 1945:133 [in part; only Costa Rica speci-
mens; non Porphyra naiadum C. L. Anderson in Blankinship and Kee-
ler, 1892:148, which is now Smithora naiadum (C. L. Anderson) Hol-
lenberg, 1959:3].
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FIGURE 18. (Opposite) Species of Pyropia. A. Pyropia thuretii: Habit (EYD-12546, US Alg. Coll.-41997). B. Pyropia pendula: Habit (JN-
5194a, US Alg. Coll.-160625). C. Pyropia thuretii: Habit, note reproductive regions with irregular streaks along blade margins (JN-5194b, US
Alg. Coll.-160627). D. Pyropia thuretii: Surface view of cell arrangement within marginal reproductive area showing packets of darker zygoto-

sporangia (JN-5194b, US Alg. Coll. microscope slide 4297).

Algae a single monostromatic blade, rose to purple, up to
6(=75) cm tall, attached by rhizoids from basal cells. Blades of
Gulf specimens oval to broadly reniform, sometimes taller than
broad, 25-40 pm thick, markedly cordate at base, with a short
stipe. Cells in transection, subcubical to rectangular, 8-20 pm
long by 4-10 pm wide; in surface view, polygonal, 10-15 pm
long by 4-8 pm wide; with a single stellate plastid.

Asexual reproduction unknown. Gametophytes monoecious.
Zygotosporangia in marginal bands with spermatangia lying in
alternate streaks diagonal to blade margin. Zygotosporangia with
zygotospores in packets of 8. Spermatia in packets of 64.

HAaBITAT.
intertidal to shallow subtidal, down to 5 m depths.

DISTRIBUTION.
San Felipe to Bahia San Luis Gonzaga; Puerto Refugio, Isla Angel
de la Guarda; Isla Patos (off north end of Isla Tiburédn); Isla Par-
tida; Ensenada Bocochibampo; Isla Carmen to Bahia de La Paz;

On rocks or occasionally epiphytic; high

Gulf of California: Rocas Consag;

Playa Pinitos to Playa Olas Altas (vicinity of Mazatldn), Sinaloa.
Eastern Pacific: northern British Columbia to central California;
Todos Santos (Baja California Sur); Costa Rica; Peru.

TyPrE LoOCALITY. On  Gracilariopsis  andersonii
(as “G. sjoestedtii”); Pacific Grove, Monterey County, cen-
tral California, USA (Dawson, 1944a; Smith, 1944); “floating
in Carmel Bay, Monterey County, California” (UC-791973;
Krishnamurthy, 1972:45).

Conchocelis-Phase of Pyropia
FIGURE 19
Conchocelis Batters, 1892:27, pl. 8; Drew, 1949:748; 1954:183; Tseng and

Chang, 1954:287; 1955a:27; 1955b:375, pls. 1-7; Drew, 1955:373;

1956a:573; Hollenberg, 1958b:653, figs. 1-13; Hollenberg and Ab-

bott, 1966:38; Richardson and Dixon, 1968:496.

Microscopic filamentous algae; growing on and perforating
into calcareous substratum (such as old mollusk shells); form-
ing pinkish patches. Uniseriate filaments (1.5-)4-6(-8) pm in
diameter, highly variable, straight, curving, clavate, or irregu-
lar; branching opposite, alternate, or irregular; lateral branches
sparse to dense; sometimes interwoven, forming a network. Por-
tions of filaments notably swollen, 20-30 pm in diameter, of
2-10 cells (7.0-75 pm long) irregular-shaped, septate, simple to
divided inflations. Cells more or less cylindrical, becoming tortu-
ous to irregular, constricted at septae; pit plugs between cells;
with a single parietal, band-shaped to stellate plastid.

Asexual reproduction by two known modes: (1) concho-
spores developed from conchosporangia, 13—15 pm in diameter,

formed in inflated cells of the filaments, and usually superficial
on calcareous shells; or (2) by protoplasts from a protothallus.
HaBITAT.
valves, and other calcareous substratum; intertidal to subtidal.
DISTRIBUTION.
phase not yet found in field collections.
GENERITYPE. Conchocelis rosea Batters, 1892:27, pl. 8.
Tyre LocALrTy. In empty shells of Mya truncata
Linnaeus (truncate soft-shell clam) and Solen vagina Linnaeus

Within old mollusk shells, particularly bi-

Gulf of California: Conchocelis-

(European razor clam); “dredged in 6-8 fathoms off Tan buoy,
between the islands of Great Cumbrae and Little Cumbrae”
(Batters, 1892:25), Millport, Firth of Clyde, western Scotland,
United Kingdom.

REMARKS. In culture studies Drew (1949, 1954) and
Kurogi (1953a, 1953b) observed spores from Porphyra devel-
oped into shell-penetrating Conchocelis-like filaments. Since
then, the “shellboring” Conchocelis-phases or Conchocelis-like
algae have been reported in the life histories of many other species
of Bangia, Porphyra, and Pyropia. The Conchocelis-phases have
been occasionally reported in nature, but because of their similar
morphologies they are not easily distinguished, making it nearly
impossible to associate it with the macro-phase of known species.

FIGURE 19. Conchocelis-phase: Habit of growing filaments de-
veloped from zygotospores of Pyropia perforata (after Hollenberg,
1958b: figs. 3, 9).
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Molecular studies are needed to test their genetic relationships
and whether the Conchocelis-phase is unique to certain genera
or possibly species-specific. Culture studies on Gulf of California
species of Pyropia and Bangia should reveal whether the expected
Conchocelis-phases are involved in their life histories, as has been
found in Gulf P. hollenbergii (Lopez-Vivas et al., 2011).

PART IIB. FLORIDEOPHYCEAE

Florideophyceae Cronquist, 1960:438.
Florideophyceae Warming, 1884:43 [as “Florideae™].
Nemaliophyceae M. Shameel, 2001:245.

The class Florideophyceae is exemplified by an enormous
diversity of forms; all are essentially filamentous and pseudopar-
enchymatous in structure. Thalli are formed by the aggregation
of filaments, which are produced almost exclusively by the divi-
sion of apical cells (Dixon, 1973); that is, growth is by apical
cells that together with lateral initials form branched filaments in
which the cells are linked throughout by pit connections. Inter-
calary cell division is also known, for example, in some species
of the Delesseriaceae and Corallinaceae.

Algae are cylindrical to foliose and branched or unbranched.
Two main types of construction are found: uniaxial (with a sin-
gle axial filament) and multiaxial (with several to many axial
filaments). Most thalli have erect and prostrate portions and are
heterotrichous in organization. However, this is not found in the
Ceramiales or in certain of the presumed parasitic genera. Cells
are uninucleate or multinucleate and generally have several disc-
shaped plastids.

Asexual reproduction is by monospores, bispores, tetra-
spores, or polyspores produced within sporangia that are borne
lateral or terminal. Life histories, where known, are usually

triphasic with gametophytes, carposporophytes, and tetra-
sporophytes. Most have a tetrasporophyte that develops tet-
rasporangia, producing four spores. The female gametophyte
develops carpogonia, each with a trichogyne that is borne lat-
eral or terminal on the carpogonial filaments (“branches”). Fer-
tilization is initiated when spermatia attach to the trichogyne
of a carpogonium, and the carposporophyte either develops
directly from the carpogonium or from its derivatives. After
fertilization, one to numerous special filaments called gonimo-
blasts are produced. Either all of the cells or only certain cells of
the gonimoblast develop into carposporangia. Each carpospo-
rangium produces a single carpospore or, more rarely, a tetrad
of carpospores. The female reproductive system is borne singu-
larly or adjacent to others in sori, nemathecia, or conceptacles.
Cystocarps are either naked or surrounded by involucral fila-
ments or a pericarp. They are borne on the thallus surface or
embedded within the cortical layers or in some species within
the medulla. Spermatia are produced within spermatangia
borne laterally or terminally in clusters, sori, or conceptacles or
on spermatangial filaments.

REMARKS. The largest class of red algae is com-
monly referred to as the “Florideophyceae,” a descriptive name.
However, the correct typified name, although little used, is the
Nemaliophyceae M. Shameel (2001), an elevation in rank of Ne-
maliophycidae T. A. Christensen (1978; see Silva in Silva et al.,
1996a:911).

The majority of the class Florideophyceae, as in the Bangio-
phyceae, are marine species, occurring throughout the world’s
oceans from both poles to the equator. The Florideophyceae
presently includes five subclasses that are well represented in
the northern Gulf of California marine flora. The subclasses are
currently divided into 28 orders, 19 of which are found in the
northern Gulf.

KEY TO THE SUBCLASSES OF FLORIDEOPHYCEAE IN THE NORTHERN GULF OF CALIFORNIA

(AFTER SAUNDERS AND HOMMERSAND, 2004)

la. Noncalcified crusts; zonate tetrasporangia; sexual reproduction unknown; pit plugs with single cap membrane but lack

anoutercaplayer ....... .. e

.............................. Hildenbrandiophycidae

1b. Erect or crustose, calcified or noncalcified; ultrastructurally, pit plugs with or without cap layers ................ 2

2a. Pit plugs with caplayers ........................

2b. Pit plugs without cap layers and mostly without cap membranes (at least 1 member without cap layers and with cap

NEIMIDIANES) o\t ittt ittt e e 4
3a. Members noncalcified or some calcified (aragonite); ultrastructurally, pit plugs with 2 cap layers; tetrasporangia cruci-
ately divided . ..ot e e Nemaliophycidae
3b. Calcified (calcite) articulated and crustose corallines; pit plugs with 2 cap layers and the outer pit plug is dome shaped;
tetrasporangia zonately divided ... ... ... e Corallinophycidae
4a. Carposporangia terminal and sessile; carposporophyte developing outward; pit plugs without cap layers and
MEMDTIANES v vt ittt ettt et e e e et e e e e e e e e e e Ahnfeltiophycidae
4b. Triphasic life histories; carposporophyte developing directly from carpogonium or carpogonial fusion cell or indirectly

from auxiliary cell (which received postfertilization diploid nucleus); pit plugs with membranes (with the exception of
Gelidiales, which has a single cap layer) ........ .. Rhodymeniophycidae



HILDENBRANDIOPHYCIDAE

Hildenbrandiophycidae G. W. Saunders et Hommersand, 2004:1504;

Schneider and Wynne, 2007:201.

Algae are uncalcified crusts with upper surfaces that are
usually smooth to slightly irregular or tuberculate, although a
few have erect branches. Internally, the members are composed
of a basal layer of laterally adhering, branched filaments and
upper layers of laterally adhering, simple or branched, erect fila-
ments. Ultrastructurally, the cells have pit plugs with a single cap
layer and membrane.

Tetrasporangia are zonately or irregularly divided, are apo-
meiotic, and are borne within sunken, ostiolate conceptacles.
Gametangial structures are unknown.

REMARKS. The subclass Hildenbrandiophycidae has
the characteristics of the Hildenbrandiales, an order that is rep-
resented in the northern Gulf of California.

HILDENBRANDIALES

Hildenbrandiales Pueschel et K. M. Cole, 1982:718; Pueschel, 1982:333.

Algae are entirely prostrate and encrusting or may have
erect axes that arise from a crustose base. Thalli usually spread
as they grow and can often cover extensive areas. Structurally,
these crusts are thin and composed of strongly united filaments
of rows of cells. Their lower surface is closely attached to the
substratum without rhizoids. Ultrastructurally, the pit plugs have
a single cap membrane but lack an outer cap layer.

Tetrasporangia are produced within characteristic sunken
conceptacles. Tetrasporangia are elongated and zonately or ir-
regularly divided. Sexual reproduction is unknown.

REMARKS. Ultrastructural studies have shown single-
layered pit plugs in Hildenbrandia (Pueschel and Cole, 1982;
Pueschel, 1982, 1988b, 1989). This character and the presence
of conceptacles that enlarge in a distinctive manner (i.e., by the
continuous development of tetrasporangia, which are produced
by the continuous conversion of vegetative cells that line the con-
ceptacle wall and floor) make this order, with its single family,
unique among the red algae. Culture studies of tetraspores have
thus far yielded only sporophytes (Umezaki, 1969; DeCew and
West, 1977a; Fletcher, 1983), and tetrasporangia remain the only
reproductive structure known in the order.

The single family of the order, Hildenbrandiaceae, is repre-
sented in the northern Gulf of California.

HILDENBRANDIACEAE

Hildenbrandiaceae Rabenhorst, 1868:408 [as “Hildenbrandtiaceae™].
Algae are prostrate and entirely crustose or with simple or
branched axes arising from the crustose base. The lower surface
is without rhizoids but is closely and usually strongly adherent to
the substratum. Internally, it is composed of small cuboidal cells
in vertical rows. Basal rows are composed of small cylindrical
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cells, tightly crowded together. Erect rows (filaments) of the
upper layers are composed of elongate cylindrical cells that form
a cortex, with secondary pit connections usually present between
cells. Ultrastructurally, the pit plugs have a single cap layer.

Vegetative reproduction is by propagules in freshwater spe-
cies and apparently not by spores. Tetrasporangial conceptacles,
the only known reproductive structures, are developed below the
thallus surface in marine species, with tetrasporangia being con-
tinuously produced from the repeated conversion of vegetative
cells of the surrounding conceptacle walls. Tetrasporangia are
transversely to obliquely zonate or irregularly divided. Gameto-
phytes are unknown.

REMARKS. The Hildenbrandiaceae is generally rec-
ognized to include two genera: the presumably cosmopolitan
Hildenbrandia and Apophblaea J. D. Hooker et Harvey (18435; see
Saunders and Bailey, 1999), known from New Zealand and the
sub-Antarctic islands. The species are almost exclusively marine,
found from the high intertidal to subtidal in tropical to subpolar
waters, but there is at least one widely distributed freshwater
species (Sheath, 2003; Sherwood and Sheath, 2003).

Fungal hyphae of Mycosphaerella Johanson (1885; Asco-
mycetes) are often found penetrating the cell walls and into the
conceptacle chambers of Hildenbrandia and Apophlaea (Kohl-
meyer and Demoulin, 1981; Hawkes, 1983). Species of Myco-
sphaerella have also been described in other marine algae (e.g.,
Johnson and Sparrow, 1961), and the possible symbiotic fungal-
alga association (Kohlmeyer and Hawkes, 1983) is apparently
more common in the high intertidal. Other fungal-alga or fungal-
cyanobacteria associations in marine habitats include members
of the order Verrucariales Mattick ex D. Hawksworth et O. E.
Erkisson (1986; Ascomycota, Eurotiomycetes), lichenized and
nonlichenized fungi (Fletcher, 1980; Hawksworth, 2000), with
some of the species found in coastal regions of Baja California
and Sonora (e.g., Breuss and Bratt, 2000; Breuss, 2001). Other
interesting marine fungal-alga associations on the eastern Pacific
coast are found in the green alga Blidinga minima var. vexata
(Setchell et N. L. Gardner) J. N. Norris (1971) from Alaska to
California, and between a brown alga Petroderma maculiforme
(Wollny) Kuckuck (1897; Wynne, 1969) and the lichen Verru-
caria tavaresiae Moe (1997; Saunders et al., 2004), which occurs
from Washington to California (Scagel et al., 1989) and Guer-
rero (Pedroche et al., 2008).

Hildenbrandia is the only genus of the Hildenbrandiaceae
found in the Gulf of California.

Hildenbrandia Nardo

Hildenbrandia Nardo, 1834:676 [as “Hildenbrandtia”); Pueschel, 1982:333;

1988b:25; 1989:625.

Algae are prostrate, coriaceous, noncalcified crusts, with
smooth surfaces, and are usually irregular in outline. These
firm crusts spread outward by peripheral growth, and their
lower surface, without rhizoids, is strongly attached to the
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substratum. Anatomically, they are composed of small cells
that are cylindrical or occasionally elongated in the direction
of growth and in uneven or horizontal rows (horizontal strati-
fication of the thallus is sometimes apparent). The hypothallus
or basal layer is composed of firmly united, radially branched,
horizontally spreading filaments; secondary pit connections are
abundant (Pueschel, 1982, 1988b). The basal layer gives rise to
the perithallus (upper layers), which is composed of compacted,
vertical (erect) rows of sparsely branched filaments that adhere
laterally to each other and form a pseudoparenchyma that is
divided into transverse layers. Cells are cylindrical, mostly ~5
pm in diameter, uninucleate, with a single chloroplast. Adja-
cent cells of the filaments are joined by secondary pit connec-
tions, which are often abundant (Pueschel, 1988b). Pit plugs
are unique in that they have a cap membrane but lack an outer
cap layer.

Tetrasporangia are zonate, transversely to obliquely di-
vided, but sometimes appearing cruciate or irregularly divided,
and develop from the walls and floors of rounded to ovate,

ostiolate conceptacles within the perithallus. The round to ovate
or cylindrical conceptacle chambers become enlarged by repeated
rounds of the conversion of vegetative cells lining the walls and
floor into tetrasporangia. Conceptacles are with or without pa-
raphyses. Sexual reproduction has not been convincingly shown
for species of Hildenbrandia (Irvine and Pueschel, 1994), and
gametangial structures remain unknown.

REMARKS. There is one Pacific Mexico species, Hilden-
brandia dawsonii (Ardré) Hollenberg (1971b; basionym: H.
canariensis var. dawsonii Ardré, 1959), described from Punta
Malamarrimo, Bahia Sebastidan Vizcaino, Baja California, that
has been reported from San Juan Islands, Washington, to Baja
California Sur (Abbott and Hollenberg, 1976) and in the south-
ern Gulf of California from Nayarit to Jalisco (Le6n-Alvarez and
Gonzalez-Gonzalez, 1993; Mateo-Cid and Mendoza-Gonzilez,
1992; Mendoza-Gonzilez and Mateo-Cid, 1992; Mateo-Cid
and Mendoza-Gonzilez, 1994b).

Two species of Hildenbrandia are recognized in the north-
ern Gulf of California.

KEY TO THE SPECIES OF HILDENBRANDIA IN THE NORTHERN GULF OF CALIFORNIA

la. Crusts usually dark reddish brown to blackish; 250-450 pm thick; tetrasporangia irregularly divided, borne within

immersed subspherical to compressed (wider than tall) conceptacles, with conspicuous paraphyses . . ..

H. prototypus

1b. Crusts lighter in color, rose to red; thinner, (50-)80-250 pm thick; tetrasporangia obliquely cruciate or irregularly divided,
borne within immersed ovate conceptacles, without paraphyses ............. .. H. rubra

Hildenbrandia prototypus Nardo

FIGURE 20

Hildenbrandia prototypus Nardo, 1834:676; Taylor, 1945:166; Daw-
son, 1953a:95, pl. 7: fig. 4; 1959a:20; 1961b:413; 1966a:17; Deni-
zot, 1968:196, fig. 196; Umezaki, 1969:17, fig.1; Huerta-Mtzquiz
and Tirado-Lizdrraga, 1970:127; Chévez-Barrear, 1972b:269;
Huerta-Mitzquiz and Garza-Barrientos, 1975:8,12; Abbott and
Hollenberg, 1976:377 [in part; excluding H. rosea]; DeCew and
West, 1977a:31, figs. 3-5, 8, 9; Huerta-Miizquiz, 1978:340;
Pueschel and Cole, 1982:709, fig. 17; Schnetter and Bula-Meyer,
1982:123, pl. 16: fig. C; Huerta-Mizquiz and Mendoza-Gonzalez,
1985:48; Ramirez and Santelices, 1991:228; Stewart, 1991:77,;
Leon-Alvarez and Gonzalez-Gonzalez, 1993:461 [in part];
Gonzalez-Gonzilez et al., 1996:317, 397; CONANP, 2002:141;
Fernandez-Garcia et al., 2011:62.

Hildenbrandia rosea sensu Setchell and Gardner, 1924:787; Dawson,
1944a:265 [in part]; Gonzalez-Gonzalez et al., 1996:226 [non H. rosea
Kiitzing, 1843:384, which is now Hildenbrandia rubra (Sommerfelt)
Meneghini, 1841:426].

Algae crustose, reddish brown to blackish, spreading up to

2 c¢m, with a smooth surface; 250-450 pm thick; lower surface

closely adherent to substratum, rhizoids lacking. Cells of erect

filaments, squarish to slightly elongated, (2.5-)3-5 pm in diam-
eter, arranged in compact vertical rows; secondary pit connec-
tions present.

Tetrasporangia irregularly divided, 15-22 pm long by
3.5-6.5 pm in diameter. Tetrasporangia borne inside immersed,
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FIGURE 20. Hildenbrandia prototypus: Vertical section through
crust showing a tetrasporangial conceptacle with irregularly divided
sporangia among paraphyses (after Dawson, 1953a: pl. 7, fig.4).




subspherical to compressed (wider than tall), ostiolate concep-
tacles, 35-110 pm wide by 35-60 um deep; with conspicuous

paraphyses.
HABITAT. On rocks; high to low intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco;

Isla Turner, off SE end of Isla Tiburén (Islas de la Cintura); Isla
Carmén; Cabeza Ballena; Nayarit to Jalisco; Isla Maria Mag-
dalena and Isla Maria Cleofas (Islas Marias; Islas Tres Marias).
Eastern Pacific: Alaska to Baja California; Isla Socorro and Isla
Clariéon (Islas Revillagigedo); Jalisco to Oaxaca; El Salvador;
Costa Rica; Panama to Colombia; Galdpagos Islands; Chile.

TYPE LOCALITY. Venezia, shore of Adriatic Sea,
northeast Italy (Smith, 1944).

REMARKS. Some have considered Hildenbrandia pro-
totypus and H. rubra to be conspecific (e.g., Denizot, 1968) or H.
prototypus to be conspecific with H. rosea Kiitzing (1843) (e.g.,
Abbott and Hollenberg, 1976). However, Irvine and Pueschel
(1994) listed H. prototypus as a doubtful synonym of H. rubra
since the type is unknown, and the tetrasporangial cleavage was
not given in the original description of Nardo (1834). Thus, the
taxonomic status of H. prototypus is somewhat uncertain. Until
specimens, including types, can be critically studied, the Gulf
material herein referred to H. prototypus differs in being thicker
than H. rubra, (250-)270-500 pm, and dark reddish brown to
blackish. Dawson (1953a) noted the cell sizes of Pacific Mexico
H. prototypus were somewhat smaller than those reported from
elsewhere in the world.

Hildenbrandia rubra (Sommerfelt) Meneghini

Verrucaria rubra Sommerfelt, 1826:140.

Hildenbrandia rubra (Sommerfelt) Meneghini, 1841:426; Denizot, 1968:199;
Pueschel and Cole, 1982:333, figs. 1-2, 17; Dethier, 1987:1842, fig.
8; Pueschel, 1988a:17, figs. 1-6; Mendoza-Gonzélez and Mateo-Cid,
1992:17; Ledn-Alvarez and Gonzélez-Gonzalez, 1993:461 [in part];
Serviere-Zaragoza et al., 1993a:483; Ledn-Tejera et al., 1993:200;
Mateo-Cid et al., 1993:47; Irvine and Pueschel, 1994:241, figs. 117B,
118B; Mateo-Cid and Mendoza-Gonzilez, 1994b:39; Mendoza-
Gonzilez et al., 1994:105; Gonzalez-Gonzilez et al., 1996:397; Sher-
wood and Sheath, 1999:525; L. Aguilar-Rosas et al., 2000:130; Miiller
et al., 2005b:380; Mateo-Cid et al., 2006:55; Serviere-Zaragoza et al.,
2007:10.

Hildenbrandia prototypus sensu Taylor, 1945:166 [in part]; Dawson,
1953a:95 [in part]; 1966a:17 [non Hildenbrandia prototypus Nardo,
1834:676].

Thallus crustose, noncalcified, rose to dark red, thin, (50-)
80-250 pm thick, and spreading up to 12 cm across, irregular in
outline; upper surface more or less smooth; lower surface tightly
adherent to substratum, rhizoids absent. Erect filaments, up to
100 pm long, of 10-30 cells arranged in compact, more or less
vertical rows. Cells of perithallus, squarish to slightly elongated,
2.5-5.0 pm in diameter by 2.5-6.0(-7.0) pm tall; secondary pit
connections present.

Tetrasporangia obliquely cruciate or irregularly divided,
15-25(-35) pm long by 8.0-12(=15) pm in diameter; borne
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within immersed, ovate conceptacles, 80-90 pm wide by 65-70
pm deep; paraphyses lacking.

HABITAT. On rocks; mid intertidal to shallow
subtidal.
DISTRIBUTION. Gulf of California: Bahia La Choya

(Bahia Cholla, vicinity of Puerto Pefiasco); San Felipe to Bahia
de Los Angeles; Cabeza Ballena; Mazatlan, Sinaloa to Nayarit.
Eastern Pacific: British Columbia to Oregon; Playa Los Cerritos
(south of Todos Santos), Baja California Sur; Isla Socorro, Isla
Clarién and Isla San Benedicto (Islas Revillagigedo); Michoacan
to Oaxaca; Costa Rica; Panama; Galdpagos Islands.

Tyre LocaALriTy. Saltdal, Nordland, Norway (“in
lapidibus a fluxu maris inundatis ad litora Nordlandiae fre-
quenter” [Sommerfelt, 1826:140]).

REMARKS. The thin, mostly rose red to brownish red,
Gulf of California specimens of Dawson (1953a, 1966a, both as
“H. prototypus™) are herein referred to H. rubra. Hildenbrandia
rosea is sometimes accepted as a synonym of H. rubra (e.g., Silva
et al., 1996a). However, Irvine and Pueschel (1994) listed both
H. rosea and H. prototypus as doubtful synonyms of H. rubra.
The type of H. prototypus is unknown, and its tetrasporangial
cleavage was not given in the original description (Nardo, 1834),
and the type of H. rosea Kiitzing (1843) was nonreproductive.
Thus, the status of these taxa is uncertain, and Gulf specimens
identified as “H. prototypus,” “H. rosea,” or “H. rubra,” need
to be critically reinvestigated taxonomically, in culture, and
tested with DNA analyses with type locality materials.

Although another eastern Pacific species, H. occidentalis
Setchell in Gardner (1917), described from northern California
and reported from Alaska to Baja California, is recognized as a
separate taxon by several phycologists (e.g., Abbott and Hollen-
berg, 1976; DeCew and West, 1977a; Dethier, 1987; Pueschel,
1988b; Scagel et al., 1989), Sherwood and Sheath (1999) found
its separation from H. rubra was only partially supported.

NEMALIOPHYCIDAE

Nemaliophycidae T. A. Christensen, 1978:66; Guiry and Irvine, 1989:155;
G. W. Saunders et Hommersand, 2004:1504; Schneider and Wynne,
2007:201.

Members of the subclass Nemaliophycidae are character-
ized by generally having a triphasic life history, and ultrastruc-
turally, they have pit plugs with two cap layers.

REMARKS. Recently, new orders and families were
added to the Nemaliophycidae: Balliales H.-G. Choi, Kraft et
G. W. Saunders (2000), Colaconematales J. T. Harper et G. W.
Saunders (2002), Thoreales K. M. Miiller, Sheath, A. R. Sher-
wood et Pueschel (in Miller et al., 2002), and on the basis of
a new unique acrochaetioid algal genus, Rhodachlya, the Rho-
dachlyales G. W. Saunders, S. L. Clayden, J. L. Scott, K. A.West,
U. Karsten et J. A.West (in West et al., 2008).

The subclass Nemaliophycidae is represented by four of its
orders in the northern Gulf of California.
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KEY TO THE ORDERS OF THE NEMALIOPHYCIDAE IN THE NORTHERN GULF OF CALIFORNIA

la. Algae filamentous, crusts of laterally fused filaments and erect fronds; life history diphasic, lacking a carposporophyte;
single-cell carpogonium after fertilization directly produces tetrasporangial thallus; tetrasporangia repeatedly regenerated
from a basal generative stalk cell (unique to the order); monosporangia not known .................. Palmariales
1b. Algae either of uniseriate filaments or multiaxial with medullary and cortical layers; life histories triphasic or biphasic,
with isomorphic, dimorphic, or heteromorphic phases; monosporangia present or absent ..................... 2
2a. Algae structurally complex (not a single row of axial cells); of filamentous medulla and cortex of loose anticlinal fila-
ments, or compact, laterally adjoined filaments, or of cells fused to form a pseudoparenchymatous cortex; life histories
triphasic with isomorphic, dimorphic, or heteromorphic phases . .......... .. ... .. ... Nemaliales
2b. Algae simple, unbranched to branched, uniseriate filaments ........... ... .. . i e 3
3a. Uniseriate filaments of two different kinds of members: one group has cells with 1 to several, discoid to band-shaped,

parietal plastids without pyrenoids, tetrasporangia (monosporangia unknown), and biphasic life history; second group
has cells with a single, stellate plastid and a central pyrenoid, primarily monosporangia, and triphasic life history .. ...

................................................................................. Acrochaetiales
3b. Uniseriate filaments of cells with 1 or more lobed, spiral, or irregular (never stellate) parietal plastids, and with or wthout
pyrenoids; monosporangia, life histories biphasic or triphasic . ....... ... .o i, Colaconematales

ACROCHAETIALES

Acrochaetiales Chemin, 1937:300.
Acrochaetiales Feldmann, 1953:12; Harper and Saunders, 2002:470

[emended description].

Algae are composed of uniseriate simple or branched fila-
ments. Members occur in marine or freshwater habitats. There
are two groups of marine species. Members of the first group
have cells that may contain one but usually have several pari-
etal discoid to band-shaped chloroplasts per cell and lack py-
renoids (i.e., Rhodochorton Nigeli, 1862); monosporangia are
unknown in these members, asexual reproduction is primarily by
tetrasporangia, and sexual reproduction, where known, involves
a biphasic life history. In the second group each cell has a single
stellate chloroplast with a single central pyrenoid; reproduction
is primarily by monosporangia, and sexual reproduction, where
known, involves a triphasic life history.

Members of the one family are known to occur in the Gulf
of California.

ACROCHAETIACEAE

Acrochaetiaceae Fritsch ex W. R. Taylor, 1957:209-210, nom. cons.

Acrochaetiaceae Fritsch, 1944:258 [footnote], nom. nudum; Fritsch,
1945:737 [see Silva, 1980:20].

Chantransiaceae Kiitzing, 1843:180 [not including Chantransia; see Silva,
1952:261].

Rhodochortaceae Nasr, 1947:92, nom. rej.

Members of this family are mostly minute, uniseriate branched
filaments, growing epiphytically, endophytically, or endo—epiphyti-
cally on various algae and sea grasses, endozoic or epizoic on
invertebrates, or on hard substratum. Cells of the filaments are uni-
nucleate and contain one chloroplast with one pyrenoid.

Asexual reproduction in most of the species is by mono-
spores, but in some, it is by bispores or tetraspores. Sporangia are
borne laterally or terminally. In some, the tetrasporophyte devel-
ops directly from the fertilized carpogonium (Stegenga, 1978).
Sexual reproduction is apparently rare, and gametophytes are
known in only a few genera (Abbott, 1962). The female repro-
ductive apparatus is a one- to three-celled carpogonial branch.
After fertilization the short-branched gonimoblast filaments
produce carposporangia terminally. Cystocarps are exposed and
naked without a surrounding envelope. Spermatangia are clus-
tered on short-branched filaments.

Culture studies within this family have shown many in-
teresting life histories (e.g., Stegenga, 1985b), with isomorphic
and heteromorphic phases. Some culture studies have shown
“Acrochaetium-like” phases to be involved in life histories of
other, morphologically dissimilar species or even different genera
(some even in other families). One of the earlier studies revealed
an Acrochaetium-like phase of Ganonema farinosum (Liagora-
ceae) (von Stosch, 19635, as Liagora farinosa).

The Acrochaetiaceae is represented by one genus in the
northern Gulf of California.

KEY TO THE UNISERIATE FILAMENTOUS RED ALGAE: GENERA OF ACROCHAETIACEAE
(ACROCHAETIALES), COLACONEMATACEAE (COLACONEMATALES), AND
RHODONEMATELLACEAE (PALMARIALES) IN THE NORTHERN GULF OF CALIFORNIA

la. Cells of filaments with stellate chloroplasts containing a pyrenoid; asexual reproduction by monosporangia .........

....................... Acrochaetium (Acrochaetiaceae)

1b. Cells of filaments with a single parietal chloroplast or rarely with several parietal plastids ..................... 2
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2a. Cells with a single parietal chloroplast and 1 pyrenoid; asexual reproduction by monosporangia ..................

....................... Colaconema (Colaconemataceae)

2b. Cells with more than 1 parietal chloroplast, without pyrenoids; asexual reproduction by tetrasporangia (monosporangia

lacking) .. vvv vt

Acrochaetium Nageli

Acrochaetium Nigeli in Nigeli et C. E. Cramer, 1858:532; Harper and Saun-

ders, 2002:470.

Algae are uniseriate filaments that are mostly microscopic,
sometimes minute, and either epiphytic, endophytic, or endo-
epiphytic (partly embedded within their alga host) or epizoic
or endozoic on various invertebrates (notably hydrozoans,
sponges, or mollusks) or growing on rocks or other hard sub-
stratum. Erect filaments are simple and unbranched or may
be variously branched, irregular, secund, or opposite. Branch
ends of some species may occasionally bear terminal unicellular
hairs. Gametophytes are attached by a single cell or a mono-
stromatic base. Cells contain a single stellate chloroplast with a
central pyrenoid.

Life histories, where known, are triphasic, involving het-
eromorphic phases of sporophytes and gametophytes. Asexual
reproduction is mainly by spherical monosporangia, borne ter-
minally or laterally. In many species monospores are the only
form of propagation known. Tetrasporangia, where known, are
cruciately divided and terminal or lateral on erect filaments and
branches. Sexual reproduction is apparently rare or unknown in
many species. Gametophytes are monoecious or dioecious. Car-
pogonia (where known) are one-celled (lack a distinct carpogo-
nial filament) and sessile or pedicellate. Postfertilization zygote
does not divide but directly produces a small, globose carpospo-
rangium. Spermatangia produced in small clusters, with one to
several spermatangia, and borne on long, hyaline stalks.

.................. Rhodonematella (Rhodonematellaceae)

REMARKS.
cepted to represent a “form genus” in which, for convenience,
species that resembled each other were all placed together within
a broadly defined single genus, Audouinella Bory de Saint-
Vincent (1823) by Woelkerling (1973a, 1973b). On the basis of
the species studied, Pueschel (1989, 1990) concluded that they
were polyphyletic. Acrochaetium has now been restricted to ma-
rine species that reproduce chiefly by monosporangia and contain
stellate plastids (Y.-P. Lee and Lee, 1988); this generic concept
has been supported by molecular analyses (Harper and Saunders,
2002). The freshwater species now are placed in Audouinella.

Dixon (1963) first suggested some members of the “Acro-
chaetium assemblage” may represent phases in the life history of
other red algae. Since then, sporophytic Acrochaetium-like phases
were grown from the germination of carpospores of Liagora and
Ganonema species (von Stosch, 1965; Couté, 1971; Guiry and
Irvine, 1989; Guiry, 1990a; Brodie and Norris, 1996) and spe-
cies of Tricleocarpa (Magruder, 1984, as Galaxaura). Life his-
tory summaries have been provided by Hoshaw and West (1971),
Dixon (1973), Norris and Kugrens (1982), and Hawkes (1990).

Further collections are needed for reevaluation of the species
recorded in the Gulf of California in light of studies by Woelker-
ling (1971), Stegenga (1985b), Y.-P. Lee and Yoshida (1997), and
Harper and Saunders (2002). Culture and DNA studies on Gulf
of California species should further clarify their life histories and

In the past Acrochaetium was generally ac-

generic and specific status.
Presently, seven species of Acrochaetium are known in the
northern Gulf of California.

KEY TO THE SPECIES OF ACROCHAETIUM (ACROCHAETIALES; ACROCHAETIACEAE)
AND RHODONEMATELLA (PALMARIALES; RHODOPHYSEMATACEAE)
IN THE NORTHERN GULF OF CALIFORNIA

la. Cells of filaments with parietal plastids (without pyrenoids); endo-epiphytic infon Gulf of California foliose reds, Haly-

menia and Kallymenia . ........... ... ... ......

......................... Rhodonematella subimmersa

1b. Cells of filaments with a stellate plastid containing a single pyrenoid; epiphytic, endophytic, or endo-epiphytic on various

algae and sea grasses (species of Acrochaetium) . ...... ... .. . .. e 2
2a. Filaments entirely endophytic Porphyra or Asparagopsis; originating from two hemispherical cells .. ... A. porphyrae
2b. Filaments may be partially endo-epiphytic or entirely epiphytic . .. ...t i 3
3a. Filaments partially endophytic; creeping on host surface and sometimes between cortical cells of algal host ~ A. bornetii
3b. Filaments epiphytic; attached to surface layer of thealgahost . ... ... . o i 4
4a. Basally attached by a prostrate single layer of cells (monostromatic) ... ...ttt S
4b. Attached by a single basal cell (not a prostrate monostromatic layer of cells) ........ ... ... ... ... . . .. ... 6
Sa. Branching mostly secund, sometimes alternate; filaments 600-800 pminlength .. .................. A. seriaspora

Sb. Unbranched or only sparsely branched in lower portion, abundantly branched above; filaments longer, up to 1.5 mm in

length ... .

..................................... A. secundatum

6a. Initial basal cell produces prostrate filaments; entire thallus adheres to host surface, or with some upper branched

filaments . .......... ...

.................................. A. microscopicum

6b. Initial basal attachment remains a single cell, with erect filament(s) growing from it .............. .. ..., 7
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7a. Filament branching alternate or secund; monosporangia

Acrochaetium arcuatum (K. M. Drew) C. K. Tseng

FIGURE 21A

Rhodochorton arcuatum K. M. Drew, 1928:1685, pl. 37: figs. 1-3; Dawson,
1944a:255; Gonzalez-Gonzalez et al., 1996:264.

Acrochaetium arcuatum (K. M. Drew) C. K. Tseng, 1945:158, pl. 1: fig 1;
Abbott and Hollenberg, 1976:310, fig. 251; Silva, 1979:316; Hawkes
et al., 1978:96; Harper and Saunders, 2002:470.

Kylinia arcuata (K. M. Drew) Kylin, 1944:13; Papenfuss, 1947a:436; Daw-
son, 1953a:31; 1961b:405; Norris and West, 1967:112; Perestenko,
1996:45, pl. 6: figs. 10-12.

Chromastrum arcuatum (K. M. Drew) Papenfuss, 1945:321.

Audouinella arcuata (K. M. Drew) Garbary, G. . Hansen et Scagel, 1983:12,
fig. 2; Hansen and Garbary, 1984:174, figs. 1-9; Garbary, 1987:21;
Scagel et al., 1989:144; Gonzélez-Gonzélez et al., 1996:175.

Algae epiphytic; erect filaments usually singular, occasion-
ally 2 or more; at acute angles from host alga or sometimes al-
most decumbent; attached to host by a single, large, subglobose
basal cell. Filaments up to 100 pm long, 5.0-5.5 pm in diameter,
with irregularly secund or alternate branchlets; terminal cells

...................................... A. arcuatum
7b. Filament branching at first secund, later opposite, sometimes slightly arching; terminal monosporangia .

.. A. crassipes

may have long, hyaline hair-like cells. Cells mostly 7.5-8.5 pm in
length, with a stellate plastid and a central pyrenoid.

Monosporangia borne lateral and terminal on main axis
and branchlets. Sexual reproduction unknown.

HABITAT. Epiphytic on Sphacelaria; intertidal.

DISTRIBUTION. Gulf of California: Isla Turner (off
SE end of Isla Tiburén). Eastern Pacific: Alaska to central Cali-
fornia; Michoacdn. Western Pacific: China (Hong Kong).

TyPE LocCALITY. Epiphytic on Pterosiphonia spp.
and Polysiphonia sp.; Moss Beach, San Mateo County, central
California, USA.

Acrochaetium bornetii Papenfuss

Acrochaetium bornetii Papenfuss, 1945:313 [new name for Chantransia
corymbifera Thuret (in Le Jolis, 1863b:107), which was based on two
separate entities: Bornet et Thuret, 1876:16, pl. 5]; Dawson, 1953a:23;
1961b:403; Garbary, 1987:29; Gonzalez-Gonzalez et al., 1996:166
[non Acrochaetium corymbiferum (Thuret in Le Jolis, 1863b:107, pro
parte) Batters, 1902:59].

FIGURE 21. Species of Acrochaetium. A. Acrochaetium arcuatum: Mature thallus showing branching, monosporangia, and terminal sper-
matangia (after Drew, 1928: pl. 37, fig. 2, as Rhodochorton arcuatum). B, C. Acrochaetium porphyrae: B. An endophytic filament in host
Porphyra issuing free erect branches, some bearing monosporangia. C. Germinating spore showing filaments bending down into the host that
have developed from the two daughter cells of the spore (after Drew, 1928: pl. 46, figs. 71, part of 75, as Rhodochorton porphyrae). D-F.
Acrochaetium secundatum: D. Filament with elongated, hair-like cells. E. Young filament (D, E after Kylin, 1944, fig. 11). F. Filament cells with
stellate chloroplasts (after Dawson, 1953a: pl. 1, fig. 3, as Kylinia secundata). G=]. Acrochaetium seriaspora: Portions of several filaments of the
type collection showing both solitary and seriate production of tetrasporangia (after Dawson, 1953a: pl. 2, figs. 2-5, type collection of Kylinia

seriaspora).




Acrochaetium savianum sensu L. Aguilar-Rosas et al., 2000:130 [in part]
[non Acrochaetium savianum (Meneghini) Nageli, 1862:405, 414].
Algae endo-epiphytic; with erect branched filaments, up to

2 mm in length; of cells 6-7 pm in diameter, 30-70 pm long;

branches few in lower portion, upper portions with many alter-

nate to more or less secund branches.

Monospores ovate, 7-8 pm in diameter; sessile and singular,
or 2-3 on a 1-celled pedicel. Gametophytes dioecious. Carpo-
sporangia and spermatangia in clusters, on short pedicels.

HABITAT. On “Helminthocladia” (L. Aguilar-Rosas et
al., 2000, as “A. savianum”); low intertidal to shallow subtidal.

DISTRIBUTION.
Eastern Pacific: San Pedro, southern California; Punta Pequena,

Gulf of California: Puertecitos.

Bahia San Juanico, Baja California Sur.

TyrE LocALITY. On Helminthocladia (see Thuret in
Bornet et Thuret, 1876:16, pl. 5); Belle-lle-en-Mer, Morbihan,
Brittany, northwest France.

REMARKS.
as a synonym of A. savianum (Meneghini) Nageli (1862) (e.g.,
Wynne, 2005). Herein I follow Garbary (1987:29, 163) in rec-
ognizing these two as separate species, until the taxonomy of the
Gulf species can be clarified.

Some have treated Acrochaetium bornetii

Acrochaetium crassipes (Borgesen) Borgesen
FIGURE 22
Chantransia crassipes Borgesen, 1909:1, fig. 1.

Acrochaetium crassipes (Borgesen) Borgesen, 1915:20, figs. 11-13; Yendo,
1917:201; Taylor, 1928:134, pl. 28: fig. 16; Tseng, 1945:157; Pham-
Hodng, 1969:86, fig. 2.18; Tanaka and Hirose, 1971:111; Kajimura,
1979:99; Pacheco-Ruiz et al., 2008:206.
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Kylinia crassipes (Borgesen) Kylin, 1944:13; Papenfuss, 1947a:436; Dawson,
1953a:31; 1961b:405; 1963c:5.
Chromastrum crassipes (Borgesen) Papenfuss, 1945:321; Stegenga and Mul-

der, 1979:308, fig. 41; Stegenga and Kemperman, 1983:72, figs. 20-24.
Audouinella crassipes (Borgesen) Garbary, 1979:478, 490; 1987:49.
Rhodochorton microscopicum sensu Dawson, 1944a:254, pl. 41: fig. 3;

Gonzdlez-Gonzdlez et al., 1996:264 [non Rhodochorton microscopi-

cum (Nageli ex Kiitzing) K. M. Drew, 1928:163, which is now Ac-

rochaetium microscopicum (Nageli ex Kiitzing) Nageli in Nigeli and

Cramer, 1858:532].

Algae epiphytic; of 1 or rarely 2 uniseriate filaments, abun-
dantly branched; attached below by a single subglobose basal
cell. Young thalli with short, 1- to 3-celled, secundly arranged
branchlets; mature thalli usually with opposite, longer branches;
branches or branchlets from almost every cell except the basal
cell and terminal cells. Filaments frequently slightly arched. Api-
cal cells occasionally with a long hyaline hair.

Monosporangia mostly terminal on short branchlets. Sexual
reproduction unknown.

HABITAT. Epiphytic on Polysiphonia, Gelidium, and
probably other algae; intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco

to Isla Turner (off SE end of Isla Tiburén); Isla Rasa (with a
query). Eastern Pacific: Bahia Sebastidn Vizcaino, Baja Califor-
nia Sur; Galdpagos Islands.
TyrPeE LocALITy.
lands, Caribbean Sea.
REMARKS. Specimens from Isla Rasa (Isla Raza;
“Flat Island”) were noted as probably belonging to Acrochae-
tium crassipes by Dawson (1953a, as “K. crassipes”). On the

Harbor, St. Thomas, U.S. Virgin Is-

FIGURE 22. Acrochaetium crassipes: A, B. Habits of two minute epiphytes, each with a main axis from a single basal cell, at first secundly then
oppositely branched, filaments slightly arched (JN-4040b, epiphytic on Cladophora, US Alg. Coll. microscope slide 4254).
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basis of our collections, A. crassipes may now be recorded in
the upper Gulf (JN-4040b, US Alg. Coll. microscope slide 4254)
from Playa Hermosa and Playa Las Conchas (Playa Estacion)
(JN-4082, US Alg. Coll. microscope slide 4962), both in the vi-
cinity of Puerto Pefiasco, Sonora.

Woelkerling (1972, 1973a, as Audouinella crassipes) sug-
gested Acrochaetium crassipes was synonymous with A. micro-
scopicum. However, culture studies of A. crassipes (Stegenga and
Mulder, 1979; Stegenga and van Wissen, 1979) revealed that al-
though the gametophytes were similar looking in both, the two
could be distinguished by the tetrasporophytes in their life his-
tories, and Stegenga (1985b) has kept these two species sepa-
rate (see also Garbary, 1987). For now, northern Gulf specimens
are referred to A. crassipes until culture studies and molecular
analyses can be carried out on Gulf material to ascertain their
taxonomic and phylogenetic status.

Acrochaetium microscopicum (Nageli ex Kiitzing) Nageli

Callithamnion microscopicum Nigeli ex Kiitzing, 1849:640.

Acrochaetium microscopicum (Nageli ex Kiitzing) Nigeli in Nageli et
C. E. Cramer, 1858:532; Nigeli, 1862:403, figs. 24, 25; Okamura,
1932:87; Tseng, 1945:157; Hollenberg and Abbott, 1966:42, fig. 15;
Lindstrom, 1977:86; Y.-P. Lee, 1987:30, fig. 14; Abbott, 1999:55, fig.
3G; L. Aguilar-Rosas et al., 2000:130, 137; Mateo-Cid et al., 2000:63;
L. Aguilar-Rosas et al., 2002:234; Mateo-Cid et al., 2006:55, 62; Y.-P.
Lee, 2008:169, figs. A-D.

Chantransia microscopica (Nageli ex Kiitzing) Berthold, 1882a:512.

Rhodochorton microscopicum (Nageli ex Kiitzing) K. M. Drew, 1928:163;
Gonzalez-Gonzilez et al., 1996:264.

Chromastrum microscopicum (Niageli ex Kiitzing) Papenfuss, 1945:322; Ste-
genga and Kemperman, 1983:299, figs. 37-38(type material), 41.
Kylinia microscopicum (Nigeli ex Kiitzing) Kylin, 1944:13; Papenfuss,

1947a:437; Dawson, 1953b:125; 1961b:405.

Audouinella microscopica (Nigeli ex Kiitzing) Woelkerling, 1971:9, 33,
figs. 10, 23A; Garbary, 1979:479; Lindstrom et al., 1986:5; Garbary,
1987:116; Scagel et al., 1989:147; Mateo-Cid and Mendoza-Gonzalez,
1997:56, pl. 1: fig. 2; Yoshida, 1998:465.

Algae minute epiphytes; with erect upper portions, up to
40(=100) pm tall; covering area up to 250 pm on host’s surface;
branched 1-3(-4) orders, with branches of similar or unequal
length; original spore, 8.0 pm long and 7.0-8.0 pm in diameter,
persisting after germination; attached by a basal cell directly to
host’s surface layer or partly endophytic within host’s cortical
cells. Cells squarish to barrel shaped, 6.0-9.0 pm tall and 8.0-12
pm in diameter; with a stellate plastid and 1 pyrenoid. Terminal
cells of filaments without or with hairs up to 55 pm long.

Monosporangia sessile or terminal, on short branchlets;
20-24 pm in diameter. Sexual reproduction unknown.

HABITAT. Epiphytic on Cladophora, Chaetomorpha,
Sphacelaria, and Sargassum; intertidal.

DISTRIBUTION. Gulf of California: Piedras del
Burro (Gulfo de Santa Clara) to Puertecitos; Punta Arena (north
of Cabo Pulmo). Eastern Pacific: Alaska to Bahia Sebastiin

Vizcaino, Baja California; Oaxaca. Western Pacific: Korea;
Japan.

TyPE LocCALITY. “In sinu neapolitano” (Kitz-
ing, 1849); Golfo di Napoli, Italy, Mediterranean Sea (Silva et
al., 1996a:99). Others have listed the type locality as Torquay,
Devon, England, UK (Hamel, 1927, 1928; Woelkerling, 1972;
Woelkerling and Womersley, 1994; Athanasiadis, 1996b), and
the type in Kitzing collections (L) is from England (Guiry and
Guiry, 2012).

REMARKS. Acrochaetium microscopicum was re-
ported in the northern Gulf of California by L. Aguilar-Rosas et
al. (2000) and Mateo-Cid et al. (2006). Although the species is
reportedly widespread in temperate to tropical seas (e.g., Borge-
sen, 1915, 1927, 1931; Taylor, 1960; Wynne, 2005), Garbary
(1987) noted there is much confusion on the taxonomic identi-
fication and application of the epithet “microscopicum.” Some
Pacific Mexico specimens may have been identified following the
descriptions of “Acrochaetium microscopicum™ by Hollenberg
and Abbott (1966) and Abbott and Hollenberg (1976); however,
Garbary (1987) noted that their descriptions of California mate-
rial represent a different species.

Woelkerling (1972) suggested another species, A. crassipes,
was conspecific with A. microscopicum. On the basis of culture
studies, Stegenga (1985b) noted that Woelkerling’s species con-
cept was too broad and that similar-looking gametophytes were
involved in the life histories of tetrasporophytes that could be
differentiated. For now, the two are considered distinct entities,
with both species recorded in the Gulf of California.

Acrochaetium porphyrae (K. M. Drew) G. M. Smith

FIGURE 21B,C

Rhodochorton porphyrae K. M. Drew, 1928:188, pl. 46: figs. 70-75.
Acrochaetium porphyrae (K. M. Drew) G. M. Smith, 1944:179, pl. 40: figs.

8, 9; Sparling, 1971:237; Norris and Abbott, 1972:90; Abbott and

Hollenberg, 1976:317, fig. 259; Silva, 1979:316; L. Aguilar-Rosas and

Aguilar-Rosas, 1993:202.

Chromastrum porphyrae (K. M. Drew) Papenfuss, 1945:325.

Kylinia porphyrae (K. M. Drew) Papenfuss, 1947a:438; Dawson, 1953a:30;
1961b:405.

Colaconema porphyrae (K. M. Drew) Woelkerling, 1971:9, 50, figs. 20, 27B.

Audouinella porphyrae (K. M. Drew) Garbary, 1979:479, 490; Garbary et
al., 1983:42, fig. 17; Scagel et al., 1986:125; Tam et al., 1987:532, figs.

1-19; Garbary, 1987:141; Scagel et al., 1989:148; Ramirez and Sante-

lices, 1991:180; Womersley, 1994:71.

Algae endophytic; in the Gulf of California, forming small
reddish patches within Asparagopsis. Filaments originating from
two hemispherical cells (Figure 21C); branching irregularly,
pinnately, and mostly divaricately; spreading prostrate on the
surface and between cells of algal host; occasionally with erect
branches of 1 or more cells, sometimes with short branchlets.
Cells of endophytic filaments usually broader in middle and nar-
rower at ends; to 10 pm in diameter; erect filament cells, 5-8 pm
in diameter; with a stellate plastid and single central pyrenoid.



Monosporangia borne terminally and laterally on erect fila-
ments and branchlets. Sexual reproduction unknown.

HABITAT. Endo-epiphytic on Asparagopsis; subtidal,
down to 5 m depths.
DISTRIBUTION. Gulf of California: Puerto Calama-

jue. Eastern Pacific: southern Alaska to northern Baja California;
Chile.

Tyre LocALiTy. Land’s End, San Francisco, San
Francisco County, northern California, USA.

REMARKS. Acrochaetium porphyrae is now reported
in the northern Gulf of California. Specimens of this species, col-
lected at Puerto Calamajue, Baja California (JN-4637b, US Alg.
Coll. microscope slide 4259), were growing on Asparagopsis
taxiformis, apparently a new host for this species. Elsewhere in
the northeastern Pacific, this endo-epiphyte is most commonly
found on Porphyra (Abbott and Hollenberg, 1976). It had been
reported in central California (Smith, 1944; Sparling, 1971)
and from Bahia San Quintin, Pacific Baja California (Dawson,
1953a), and it was later reported from Hope Island, off the
northern end of Vancouver Island, British Columbia (Norris and
Abbott, 1972).

Acrochaetium secundatum (Lyngbye) Nageli

FIGURE 21D-F

Callithamnion daviesii (Dillwyn) Nageli B [var] secundatum Lyngbye,
1819:129, pl. 41: figs. p4-P6 [note figs. B4—P6 chosen as lectotype by
Woelkerling, 1983a:65].

Acrochaetium secundatum (Lyngbye) Nigeli in Nigeli et Cramer, 1858:532
[footnote]; Nageli, 1862:405; Collins, 1906b:194; Kylin, 1944:19,
fig. 11; Tokida, 1960:92; Stegenga, 1985b:305, figs. 10, 11; Y.-P. Lee,
1987:36, fig. 18; Perestenko, 1996:46, pl. 6: figs. 8, 9; Nielsen et al.,
1995:4; Gonzalez-Gonzalez et al., 1996:167.

Ceramium secundatum (Lyngbye) C. Agardh, 1824:132.

Callithamnion secundatum (Lyngbye) C. Agardh, 1828:187.

Chantransia secundata (Lyngbye) Thuret in Le Jolis, 1863b:106.

Chromastrum secundatum (Lyngbye) Papenfuss, 1945:323.

Kylinia secundata (Lyngbye) Papenfuss, 1947a:437; Dawson, 1953a:32, pl.
1: fig. 3; 1957b:112, figs. ¢, d; Taylor, 1957:214, pl. 31: figs. 1-3; Daw-
son, 1961b:405; Gonzalez-Gonzilez et al., 1996:231.

Colaconema secundatum (Lyngbye) Woelkerling, 1973a:94, figs. 7, 8.

Audouinella secundata (Lyngbye) P. S. Dixon in Parke et Dixon, 1976:590;
Dixon and Irvine, 1977a:114, fig. 39A-C; Woelkerling, 1973b:575,
figs. 77-83; Garbary, 1978:218, figs. 33, 34; 1979a:952; 1979¢:479;
Woelkerling, 1983a:65, 81, figs. 5, 6; Garbary, 1987:166; Gonzélez-
Gonzilez, 1993:441; Yoshida, 1998:469.

Algae epiphytic, erect filaments, arising from a prostrate,
monostromatic base developed from an initial monospore and
forming a layer of compacted cells on (and sometimes between)
the host cells. Filaments up to 1.5 mm long, 5-8 pm in diameter;
branching sparse or absent in lower portions; more abundant
above; hair-like cells often extending from upper branches. Cells
(5-)8-24 pum long, with a stellate plastid, and a single large py-
renoid located distally.
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Monospores ovoid, to 6 pm diameter, usually pedicellate or
occasionally sessile. Tetrasporangia and sexual reproduction un-
known in Gulf material.

HABITAT. Rocky reef, epiphytic on Sargassum, also
often found growing with Colaconema punctatums; intertidal.

DISTRIBUTION. Gulf of California: Bahia Bocochib-
ampo (vicinity of Guaymas); Nayarit. Western Pacific: Russia;
Korea; Japan; Vietnam; Enewetak Atoll (Eniwetok), Marshall
Islands (Micronesia).

TyreE LocALITY. Kvivig (Kvivik), Streymoy Island,
Faroe Islands (Faeroe; Foroyar), Faro County, Denmark.

REMARKS. Acrochaetium secundatum is known only
in the northern Gulf by the report of a single collection from So-
nora (Dawson, 1953a). A cold water species, its presence in the
Gulf of California requires more collections and further study.

Garbary (1987, as “Audouinella secundata”) noted that
specimens of Acrochaetium secundatum from the northeast Pa-
cific are probably misidentified and represent other species. Al-
though Woelkerling (1973b:575, as “Colaconema secundata™)
had suggested that this taxon “will be transferred to Audoui-
nella,” he later designated Acrochaetium secundatum as the lec-
totype species for the genus Acrochaetium (Woelkerling, 1983a).
(See also Remarks under Colaconema tenuissimum.)

Acrochaetium seriaspora (E. Y. Dawson) J. N. Norris, comb. nov.
FIGURE 21G-J
Kylinia seriaspora E. Y. Dawson, 1953a:32, pl. 2: figs. 2-5; 1961b:405;
Gonzilez-Gonzilez et al., 1996:231.
Audouinella seriaspora (E. Y. Dawson) Garbary, 1987:170.
Chromastrum seriasporum (E. Y. Dawson) Stegenga et Mulder, 1979:305.
Algae epiphytic; of erect, branched filaments, arising from a
monostromatic base of several to many cells, with some penetrat-
ing between the host’s cells. Filaments branching mostly secund,
sometime alternate; erect filaments 600-800 pm long by 5-7 pm
in diameter; cells 10-28 pm long, with a stellate chloroplast and
a single, large pyrenoid.
Monosporangia ovoid, to 6 pm in diameter, usually borne
on 1-celled pedicels in secund series. Tetrasporangia ovoid, 7-8
pm in diameter; sessile, borne lateral on branch or terminal or
lateral on 1- to 2-celled pedicels on branches (Figure 21G). Sex-
ual reproduction unknown.

HABITAT. Epiphytic on Sargassum; intertidal.
DISTRIBUTION. Gulf of California: Isla Turner (off
SE end of Isla Tiburdn).

TyPE LOCALITY. Epiphytic on Sargassum from inter-
tidal rock reef; Isla Turner (Turners), off SE end of Isla Tiburén,
Islas de la Cintura, Gulf of California, Mexico.

REMARKS. Described from the northern Gulf of Cali-
fornia, Acrochaetium seriaspora is known only from the type
collection. Dawson (1953a), in his original description of Kylinia
seriaspora, noted that occasionally one or both of the pedicel
cells became tetrasporangia. Primarily on the basis of the stel-
late chloroplast with single pyrenoid of K. seriaspora, a new
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combination is proposed. Further collections and DNA analyses
are needed to test the specific and generic status of this taxon.

COLACONEMATALES

Colaconematales J. Harper et G. W. Saunders, 2002:471.

Algae are marine, composed of uniseriate, simple, or
branched filaments. Cells contain one or more parietal plastids
of various shapes, lobed, spiral, or irregular (but never stellate)
and are with or without pyrenoids.

Asexual reproduction is mainly by monosporangia. Life his-
tories, where known, are biphasic or triphasic. Sexual phases are
monoecious or dioecious.

Currently a monotypic order, the Colaconematales is rep-
resented by the single family in the northern Gulf of California.

COLACONEMATACEAE

Colaconemataceae J. Harper et G. W. Saunders, 2002:471.

The Colaconemataceae is apparently a monotypic family,
with the characteristics of the order.

Life histories, where known, are biphasic, involving two
free-living isomorphic or slightly heteromorphic phases (rarely
with a markedly distinct heteromorphic generations). Tetraspo-
rophytes have a nonpersistent spore that develops a prostrate
multicellular filamentous portion that gives rise to erect axes.
Gametophytes of most species usually have a persistent spore
that upon bipolar germination remains unicellular in a few spe-
cies or in most develops a basal system of multicellular, prostrate
filaments, from which the erect filaments arise.

REMARKS. Harper and Saunders (2002) noted that
although the Colaconemataceae includes only one genus, it is
likely that future research will add other genera to the family
on the basis of their morphological, life history, and molecular
features. The family is worldwide in distribution, and all of the

species are exclusively marine, with the highest diversity in warm
temperate to tropical seas.

Currently, the family contains a single genus, Colaconema,
which is known to occur in the Gulf of California.

Colaconema Batters

Colaconema Batters, 1896:8; Harper and Saunders, 2002:473.

Algae are microscopic to minute, usually epiphytic, and
composed of simple to branched, uniseriate filaments. Branching
of the erect axes may be irregular, secund, or opposite. Occa-
sionally, the branches may have multicellular pseudohairs. Cells
usually contain one parietal plastid, but a few species may have
several lobed, parietal plastids. Chloroplasts are lobed, spiral, or
irregular in shape and with or without pyrenoids.

Monosporangia are the predominant mode of reproduc-
tion, found in both generations, and borne terminal on the
axes or on short lateral branches. In many species of Colaco-
nema, monosporangia are the only known mode of reproduc-
tion. Tetrasporangia are cruciately divided, single or in clusters,
and are borne lateral or terminal on axes and lateral branches.
Gametophytes, where known, are monoecious or dioecious.
Carpogonia are sessile or pedicellate and lack a distinct carpo-
gonial filament. The fertilized carpogonium divides transversely
to produce short, filamentous gonimoblasts with terminal car-
posporangia. Spermatangia are borne in clusters of various
shapes.

REMARKS. Species of Colaconema are usually epi-
phytic, but some are also reported to be endo-epiphytic or epizoic
or endo-epizoic. One species, Colaconema pectinatum (Kylin)
J. T. Harper et G. W. Saunders (2002) is reported in the south-
ern Gulf from La Paz (Huerta-Miuzquiz and Mendoza-Gonziélez,
19835, as Acrochaetium pectinatum (Kylin) G. Hamel, 1927).

Nine species of Colaconema are now reported in the north-
ern Gulf of California.

KEY TO THE SPECIES OF COLACONEMA IN THE NORTHERN GULF OF CALIFORNIA

la. Filaments exclusively endo-epiphytic (i.e., within and on outer cells) on species of Scinaia .............. C. scinaiae

1b. Filaments growing on other algal species (not Scinaia)

2a. Thalliless than 300 pmtall ......................
2b. Thalli more than 300 pmtall .....................

3a. Erect filaments 8.0-12.0 pm in diameter; above a basal system of free filaments or of filaments coalescing into pseudo-

parenchymatous disc .......... ... ..

3b. Erect filaments narrower, 4.0-8.0 pm in diameter; basal attachment either a single cell or prostrate basal filaments (not

coalescing or discoid) . .. ... i

4a. Filaments arising above by a basal pseudoparenchymatous disc of coalescing basal filaments or entangled mass of basal
filaments; monosporangia in clusters of 3 or more on branched stalks ................. ... ... ..... C. daviesii
4b. Filaments attached by prostrate system of basal filaments (not coalescing); monosporangia single or in pairs (not in clus-

ters) on unbranched stalks . ......................

...................................... C. savianum

5a. Filaments attached by a single basal cell (either enlarged and conspicuous or similar in size to filament cells) .. ..... 6

5b. Filaments attached by a basal system of basal filaments (not coalescing) creeping on host’s surface . .............. 7

6a. Single basal cell enlarged (much larger in diameter than filament cells); filaments 4.0-6.0 pm in diameter ...........
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6b. Single basal cell not enlarged or modified (same diameter and shape as filament cells); filaments 5.0-7.0 pm in diameter

...................................... C. bancockii

7a. Erect filaments 4.0-6.0 pm in diameter; upper portions usually branched; monosporangia terminal or sometimes lateral

on short secund branchlets ......................

...................................... C. pacificum

7b. Erect filaments mostly larger than 6 pm in diameter; upper portions unbranched or branched .................. 8

8a. Erect filaments 8.0-9.5 pm in diameter; upper portions branched or unbranched; attached by a basal disc of coalesced

filaments, 1-2 cell layers thick; monosporangia terminal or lateral ........ ... ... ... ... ... ..... C. variabile

8b. Erect filaments 6.0-8.0 pm in diameter; upper portions unbranched; attached by basal system of creeping filaments (not

coalescing); monosporangia lateral on branchlets ... ..

Colaconema daviesii (Dillwyn) Stegenga

Conferva daviesii Dillwyn, 1809:73, suppl. pl. E

Colaconema daviesii (Dillwyn) Stegenga, 1985b:317, 320, fig. 20; Pereste-
nko, 1996:47; Harper and Saunders, 2002:473; Serviere-Zaragoza et
al., 2007:9.

Ceramium daviesii (Dillwyn) C. Agardh, 1817:XXVIIL.

Callithamnion daviesii (Dillwyn) Lyngbye, 1819:129, pl. 41: figs. B1-B3;
Harvey, 1853:243.

Acrochaetium daviesii (Dillwyn) Nageli, 1862:405, figs. 26, 27; Col-
lins, 1906b:194; Papenfuss, 1945:308; Taylor, 1945:134; Papenfuss,
1947a:435; Dawson, 1953a:28; Dawson et al., 1960b:15; Tokida,
1960:92; Dawson, 1961b:403; Dawson and Neushul, 1966:175;
Hollenberg and Abbott, 1966:41, fig. 14; Abbott and Hollenberg,
1976:313, fig. 254; Silva, 1979:316; Stegenga and van Erp, 1979:443,
figs. 11-14; Stewart and Stewart, 1984:142; Gonzalez-Gonzélez et
al., 1996:166; Y.-P. Lee and Yoshida, 1997:162, fig. 1A-F; Yoshida,
1998:463, fig. 3-4C.

Chantransia daviesii (Dillwyn) Thuret (in Le Jolis, 1863b:106.

Rhodochorton daviesii (Dillwyn) K. M. Drew, 1928:172; Setchell and
Gardner, 1930:166; Smith, 1944:184; Nakamura, 1944:106, fig.
5; I K. Lee and Lee, 1974:41, fig. 4a—f; Gonzilez-Gonzalez et al.,
1996:264.

Audouinella daviesii (Dillwyn) Woelkerling, 1971:28, figs. 7, 22; Woelker-
ling, 1973b:550, figs. 32—-43; Dixon and Irvine, 1977b:90, fig. 22; Gar-
bary, 1979a:952; 1979¢:478; Garbary et al., 1983:19, fig. 6; Stegenga,
1985b:317, fig. 20; Garbary, 1987:54; Y.-P. Lee, 1987:10, fig. 3AE;
Scagel et al., 1989:145; Ramirez and Santelices, 1991:179; Mateo-Cid
and Mendoza-Gonzilez, 1991:19; 1992:19; Mendoza-Gonzilez and
Mateo-Cid, 1992:16; Serviere-Zaragoza et al., 1993a:483; Mateo-
Cid and Mendoza-Gonzailez, 1994b:38; Mendoza-Gonzalez et al.,
1994:105; Y.-P. Lee and Yoshida, 1997:162, fig. 1A-F; Yoshida,
1998:463, fig. 3, 4C; Y.-P. Lee, 2008:175, figs. A-D.

Algae often in tufts, usually epiphytic, or sometimes par-
tially endo-epiphytic; erect, branched, uniseriate filaments, up to
4 mm tall; arising from a base of creeping, entangled filaments,
some of which may penetrate host cells. Erect filaments sparsely
to more or less densely branched, mostly irregular, sometimes
alternate or secund, up to several orders; filaments sometimes
tapering upward, ending with multicellular, almost colorless ex-
tensions. Cell of axes and branches, 14-40 pm long by 9-15 pm
in diameter (2-3 times longer than wide); cells of upper portions,
narrower, 3-10 pm in diameter and 20-50 pm in length; cells of
basal filaments 12-25 pm long and 6-14 pm in diameter. Plastids
parietal, with a single prominent pyrenoid.

.................................... C. tenuissimum

Monosporangia ovoid to ellipsoid, 12-14 pm long, 8-10
pm wide; in clusters of 4-8 on short branchlets; borne on low-
ermost cells of branches. Sexual reproduction not yet observed
in Gulf of California specimens; reported to be dioecious else-
where. Carposporophyte with branched gonimoblast filaments
with terminal carposporangia, 16-20 pm long by 8-10 pm in
diameter. Spermatangia 2—4 pm in diameter, terminal or lateral
in few to many, sometimes dense, clusters on branched stalks (see
Womersley, 1994:51, fig. 9EG).

HABITAT. Epiphytic or partially endo-epiphytic on
Padina and various other algae; intertidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Punta Robinson (east of Puerto Libertad); Mazatlin, Sinaloa to
Jalisco. Eastern Pacific: Alaska to Todos Santos (Baja California
Sur); Isla Guadalupe; Isla Clarion (Islas Revillagigedo); Colimay
Chile. Western Pacific: Russia; Korea; Japan.

LeEcTOTYPE LOCALITY. Probably north Wales,
United Kingdom (Dixon and Irvine, 1977b; Silva et al., 1996b).

REMARKS. Colaconema daviesii is widely reported
in temperate to tropical seas and now in the northern Gulf of
California. Garbary (1987, as Audouinella daviesii) noted that
many of the published accounts and records using this taxon
name may be misidentified.

Colaconema hancockii (E. Y. Dawson) J. N. Norris, comb. nov.

FIGURE 23A,B

Rhodochorton hancockii E. Y. Dawson, 1944a:255, pl. 41: figs. 4-6;
Gonzalez-Gonzilez et al., 1996:264.

Acrochaetium hancockii (E. Y. Dawson) Papenfuss, 1945:306; Dawson,
1953a:25, pl. 12: fig. 2; 1961b:403; Huerta-Muzquiz and Mendoza-
Gonzdlez, 1985:48; Garbary, 1987:83.

Algae epiphytic, of cylindrical, narrow, erect filaments; at-
tached to host alga by a single unmodified, rectangular basal cell.
Erect filaments 0.5-1.5 mm long, simple or sparsely branched, up
to 3 orders, becoming slightly attenuated upward; ultimate branch-
lets in more or less secund series on branches, very short, up to 4 pm
in diameter, 3—4 pm long. Cells of filaments rectangular, 15-28 pm
long, 5-7 pm in diameter; plastids not in original description, but
noted to be “parietal” in the taxonomic key of Dawson (1953a:19).

Monospores ovoid, 10-11 pm long, 6-7 pm wide, borne on
short lateral branchlets or sessile. Sexual reproduction unknown.

HABITAT. Epiphytic on Gelidium; intertidal.

DISTRIBUTION. Gulf of California: Puerto Refugio,
Isla Angel de la Guarda; La Paz.
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TyPE LocALITY. On Gelidium, rocky shore along
west side of Puerto Refugio, Isla Angel de la Guarda, Islas de la
Cintura, Gulf of California, Mexico.

REMARKS. Described from the northern Gulf of Cali-
fornia, Colaconema hancockii is a apparently known only from
a few collections in the Gulf. It has also been reported in the
Philippines (Silva et al., 1987). More Gulf collections for com-
parative molecular and life history culture studies will help to
evaluate its taxonomic status.

Colaconema pacificum (Kylin) Woelkerling

FIGURE 23C-F

Acrochaetium pacificun Kylin, 1925:11, fig. 4g—i; Papenfuss, 1945:310;
Doty, 1947:162; Papenfuss, 1947a:435; Dawson, 1953a:29; Dawson
et al., 1960a:15; Tokida, 1960:92; Dawson, 1961b:404; Dawson et
al., 1964:33, pl. 30: fig. B; Dawson and Neushul, 1966:175; Abbott
and Hollenberg, 1976:315 [in part; excluding Rhodochorton variabile
and R. plumosal; Pacheco-Ruiz and Aguilar-Rosas, 1984:76; Stewart
and Stewart, 1984:142; Huerta-Muzquiz and Mendoza-Gonzdlez,
1985:48; R. Aguilar-Rosas and Aguilar-Rosas, 1994:519; Gonzélez-
Gonzélez et al., 1996:166; L. Aguilar-Rosas et al., 2002:234; Mateo-
Cid et al., 2006:55, 62.

Colaconema pacificum (Kylin) Woelkerling, 1971:9, 47, figs. 17A-D, 26A.

Rhodochorton pacificumn (Kylin) K. M. Drew, 1928:169, pl. 38: fig. 25.

Chantransia pacifica (Kylin) Levring, 1941:631.

Audouinella pacifica (Kylin) Garbary, 1979a:490; Garbary et al., 1983:37;
Garbary, 1987:131; Scagel et al., 1989:147; Ramirez and Santelices,
1991:180.

Algae epiphytic; tufts of erect, uniseriate filaments, 4.0-6.0
pm in diameter, up to 1 mm tall; sometimes unbranched or with
a few, lateral branches, mostly in upper portion; laterals with
numerous, short, secund, or sometimes opposite branchlets of
1-3 cells in length; erect filaments arising from a prostrate system
of creeping, branched, basal free filaments (not coalescing) on
surface of host. Cells 2-3(—4) times longer than wide, (8-)10-
21(-28) pm in length, 4.0-7.0 pm in diameter; with parietal plas-
tid and a large pyrenoid in distal potion of cell.
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Monosporangia ellipsoidal, 8.0-10(-12) pm long, 6.0-9.0
pm in diameter; terminal or sometimes lateral on short, secund
branchlets. Sexual reproduction unknown.

HABITAT. Epiphytic on Scinaia latifrons, Tricleo-
carpa, and probably other algae; low intertidal to shallow
subtidal.

DISTRIBUTION. Gulf of California: Punta Gorda
(Gulfo de Santa Clara) to Ensenada de San Francisco (vicinity of
San Carlos-Guaymas); Bahia de La Paz. Eastern Pacific: Alaska
to Islas San Benito (off Isla Cedros), Baja California; Peru.

TyPE LOCALITY. Syntype localities: Brown Island,
Shaw Island, and Peavine Pass, vicinity of Friday Harbor, Wash-
ington (Kylin, 1925). Lectotype locality: Epizoic on Sertularia
(Hydrozoan); Brown Island, east-northeast of Friday Harbor,
San Juan Island, San Juan County, Puget Sound, Washington,
USA (Abbott and Hollenberg, 1976).

REMARKS.
the taxonomic status of the Gulf of California Colaconema paci-
ficum and its phylogenetic relationship with type locality C. paci-
ficum from the the northeastern Pacific.

Although recognizing that Colaconema pacificurn and
C. plumosum shared some features, Woelkerling (1971) sepa-
rated the two by filament diameter, branch arrangement, and
arrangement of sporangia. Drew (1928) and Nakamura (1944)
had earlier noted that specimens of Rhodochorton plumosum

More collections are needed to elucidate

K. M. Drew (1928) were not easy to separate from R. varia-
bile K. M. Drew (1928), and later these two northeastern Pacific
species were considered conspecifc with C. pacificumn by Abbott
and Hollenberg (1976, as Acrochaetium pacificum). Stegenga
(1985b), in part supporting Abbott and Hollenberg (1976), ob-
served that these two (as Acrochaetium plumosum and A. varia-
bile) were likely conspecific but that A. pacificum was a species
different from both of them on the basis of the distinctions as
noted by Woelkerling (1971) and Garbary et al. (1983). Pu-
eschel (1989, as Audouinella species) supported separation of
C. pacificumn and C. plumosum on the basis of ultrastructural
evidence of different outer caps in the pit plugs and suggested

FIGURE 23. (Opposite) Species of Colaconema. A, B. Colaconema hancockii: A. Habit. B. Basal portion showing unenlarged attachment cell
on host (type collection) (A, B after Dawson, 1944a, pl. 41, figs. 4, 6, as Rhodochorton hancockii). C=F. Colaconema pacificum: C-E. Erect fila-
ments with monospores (after Kylin, 1925: figs. 4g—i, as Acrochaetium pacificum). F. Base of a group of erect filaments and cells of the creeping
filaments, showing the parietal chloroplasts (after Drew, 1928: pl. 38, fig. 25, as Rhodochorton pacificum). G. Colaconema punctatum: Erect
filaments with numerous short, secund branchlets, attached superficially to host by a slightly enlarged basal cell (after Dawson, 1953a, pl. 2,
fig. 1, as Acrochaetium punctatum). H, 1. Colaconema variabile: H. Multistromatic layer of horizontally growing filaments of epiphyte on host.
I. Secund arrangement of branchlets on erect filament (H, I after Drew, 1928: pl. 39, figs. 30, 31, as Rhodochorton variabile). J. Colaconema
sinicola: Habit of type collection showing enlarged basal cell embedded in host and filaments bearing monosporangia (after Dawson, 1944a,
pl. 41, fig. 1, as Rhodochorton sinicola). K. Colaconema tenuissimum: Part of two erect filaments enlarged (after Drew, 1928: pl. 38, fig. 27, as
Rhodochorton tenuissimum). L, M. Colaconema scinaiae: L. Detail of an upright filament bearing a monospore. M. Habit of creeping filaments
endophytic among utricles and cortical cells of host, Scinaia (L, M after Dawson, 1949b: pl. 2, figs. 11, 12, as Acrochaetium scinaiae).
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that C. pacificurm may have affinities with C. variabile (see also
Remarks under Colaconema variabile).

Colaconema punctatum (E. Y. Dawson) J. N. Norris, comb. nov.
FIGURE 23G
Acrochaetium punctatum E. Y. Dawson, 1953a:25, pl. 2: fig. 1; 1961b:404;
Garbary, 1987:145; Espinoza-Avalos, 1993:332; Gonzélez-Gonzélez et
al., 1996:167.
Thalli erect and epiphytic; of several curved filaments, 100-
300 pm tall; attached to algal host by a single, slightly enlarged,
basal cell, 9-12 pm in diameter. Filaments 6—7 pm in diameter,
with numerous short, secund branchlets on convex side. Cells
12-14 pm long, 6—7 pm in diameter, with a parietal chloroplast
and single pyrenoid.
Asexual reproduction unknown. Female gametophytes not
found. Spermatangia borne on short, secund lateral branchlets.

HABITAT. Epiphytic on leaf-like blades of Sargassum;
intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco;

Bahia Bocochibampo.

Tyre LocALITy.
ampo, Sonora, Gulf of California, Mexico.

REMARKS. Generally considered a Gulf of California
endemic, Colaconema punctatum has also been recorded from
Michoacidn (Stout and Dreckmann, 1993, as “Acrochaetium
punctatum?”).

Southern shore, Bahia Bocochib-

Colaconema savianum (Meneghini) R. Nielsen

Callithamnion savianum Meneghini, 1840a:[3]; Meneghini, 1840b:511; J.
Agardh, 1842:74; Kiitzing, 1849:641; J. Agardh, 1851:14.

Colaconema savianum (Meneghini) R. Nielsen, 1994:715; Nielsen et al.,
199S:S.

Colaconema savianum (Meneghini) Perestenko, 1996:47.

Acrochaetium savianum (Meneghini) Nigeli, 1862:405, 414; Papenfuss,
1945:311; Papenfuss, 1947a:435; L. Aguilar-Rosas et al., 2000:130,
137; Mateo-Cid et al., 2000:63.

Chantransia saviana (Meneghini) Ardissone, 1883:276.

Audouinella saviana (Meneghini) Woelkerling, 1973b:560, figs. 56-60;
Garbary, 1979¢:479; 1987:163; Schneider and Searles, 1991:207, figs.
247-249; Mendoza-Gonzéilez and Mateo-Cid, 1996b:65, 83, pl. 2:
figs. 7-9; Mateo-Cid and Mendoza-Gonzélez, 1997:56, pl. 1: figs. 3, 4;
Dreckmann et al., 2006:140,154.

Algae epiphytic or partly endo-epiphytic; up to 4 mm in
length; attached by a prostrate basal system of short, simple to
branched filaments that remain free or partly coalesce into an
irregularly shaped disc (initial spore not always evident). Erect
filaments mostly irregularly branched or sometimes alternate to
secund. Cells in axes and branches, 20-60 pm long, 8-12(-14)
pm in diameter; cells narrower in ultimate branchlets, 4-6 pm
in diameter. Cells with a single parietal plastid and 1 pyrenoid.

Reproduction not reported in Gulf of California specimens.
The following description is as reported for this species else-
where (Woelkerling, 1973b; Schneider, 1983). Monosporangia
ovoid to ellipsoid, single or in pairs, either sessile or on 1- to

3-celled pedicels; 18-27 pm long by 10-15 pm in diameter. Tet-
rasporangia cruciate, 26-34 pm long by 17-24 pm in diameter.
Carpogonia singular, near base of branches in lower portion of
thallus; carpospores, 18-21 pm long by 9-13 pm in diameter.
Spermatangia sparse, on short branchlets near base of branches.

HABITAT. Epiphytic on Ulva intestinalis, Chaetomor-
pha, Bryopsis, and Sargassum and epizoic on Aglaophenia (Hy-
drozoa); intertidal to shallow subtidal.

DISTRIBUTION.
Puerto Pefasco; Puertecitos; Punta Arenas. Eastern Pacific: Oax-

Gulf of California: Punta Pelicano,

aca to Chiapas. Western Pacific: Russia.

TyrPeE LocALITY. Epiphytic on Zostera; Genoa, Ligu-
rian Sea, province of Genoa, Italy.

REMARKS. A collection, epizoic on the feather-like
hydrozoan Aglaophenia from the rocky low intertidal on the
southwest shore of Punta Pelicano, Puerto Pefiasco, is tentatively
referred to Colaconema savianum (JN-5058, US Alg. Coll. mi-
croscope slide 4263). It has numerous monosporangia, as well as
the empty spore walls left after their release, and is a northern
extension of the Gulf distribution.

A Mediterranean species, Colaconema savianum has been
reported from the coastal eastern United States (Woelkerling,
1973b; Schneider and Searles, 1991, as Audouinella saviana),
western Atlantic (Taylor, 1960; Wynne, 2005), Europe (Guiry
and Guiry, 2010), and northwestern Pacific (Perestenko, 1996).
It was reported in the northern Gulf of California by Aguilar-
Rosas et al. (2000, as Acrochaetium savianum).

There are two taxonomic combinations of Colaconema sa-
vianum, and some confusion as to which is the earliest valid pub-
lication. Regarding the publication of Nielsen (1994), the index
to the Nordic Journal of Botany (1994, volume 14) gives the
“effective date of publication” of issue number 6 as “28 Dec.
1994.” The back page of the book by Perestenko (“19947; in
Russian) notes date accepted for publication as “29.12.92,” and
that the “date authorized for printing” was “29.12.94” (indicat-
ing it was published on or after that date). Although they may
have been published one day apart, the Perestenko work was
apparently published much later, in 1996.

Colaconema scinaiae (E. Y. Dawson) J. N. Norris, comb. nov.
FIGURE 23L,M
Acrochaetium scinaiae E. Y. Dawson, 1949b:3, pl. 2: figs. 11, 12; 1953a:26;
1961b:404; Garbary, 1987:166; Kajimura, 1987a:131, figs. 1-8; Stout
and Dreckmann, 1993:9; Gonzéilez-Gonzélez et al., 1996:167; Anaya-
Reyna and Riosmena-Rodriguez, 1996:864, tbl. 1; Yoshida, 1998:458;
CONANP, 2002:136; Riosmena-Rodriguez et al., 2005b:102.
Acrochaetium desmarestiae sensu Abbott and Hollenberg, 1976:314 [in part;
only A. scinaiae; non Acrochaetium desmarestiae Kylin, 1925:10].
Algae minute; in patches, 1-2(-3) mm in diameter; some
entirely epiphytic, others partially endo-epiphytic; attached by
creeping filaments on and between utricles and cortical cells
of their host, species of Scinaia. Endophytic filaments cylin-
drical; irregular in shape, of variously curved, narrow elon-
gate cells among the cortical cells of alga host. Erect filaments,



(18-)30-100 pm tall and 3.5-5.0 pm in diameter, of (2-)5-10
cells; unbranched or irregularly and sparsely branched; apical
cells rounded. A few cells of the filaments may (sparsely) bear
long, simple hairs. Cells mostly 5.0-20 pm long; with a parietal,
band-shaped plastid.

Monosporangia terminal on 1- to 2-celled pedicel; 10-15 pm
long by 5-10 pm in diameter. Sexual reproduction not known.

HABITAT. Endo-epiphytic on Scinaia johnstonii,
S. latifrons, or S. confusa; low intertidal to 9 m depths.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Ensenada de San Francisco; Punta Los Frailes. Eastern Pacific:
Santa Barbara Island (California Channel Islands); Michoacan.
Western Pacific: Oki Islands, Japan.

TyPE LocALITY. Epiphytic on Scinaia articulata
Setchell; dredged to 30-41 m depths, off north end of Santa
Barbara Island (33°30'58"N, 119°50'W), California Channel
Islands, southern California, USA.

REMARKS. The distribution range of Colaconema
scinaiae is extended to the northern Gulf by the collection from
Puerto Pefasco (endo-epiphytic on Scinaia confusa (JN-5024b,
US Alg. Coll. microscope slide 4247). Dawson (1953a) noted
the species probably occurs throughout the range of the species
of Scinaia in Pacific Mexico. Although noting its resemblance
to A. desmarestiae Kylin (1925; =Colaconema desmarestiae
(Kylin) P. W. Gabrielson (in Gabrielson et al., 2004:95), Daw-
son (1949b, as A. scinaiae) stated C. scinaiae differed in gener-
ally forming smaller colonies on the host alga and in having
much longer, distinctly attenuated, filaments of 6-10 cells, up
to 100 pm in length, with some of the filaments possibly also
having short branchlets and some of the cells possibly also bear-
ing multicellular hairs. Although Abbott and Hollenberg (1976)
considered C. scinaiae to be conspecific with A. desmarestiae,
Kajimura (1987a, as A. scinaiae) retained it as a distinct taxon.
I too recognize them as a separate species, and primarily on
the basis of their chloroplast characteristics (see also Dawson,
1949b: fig. 11), I propose the new combination. Culture, cyto-
logical, and DNA studies on Gulf C. scinaiae and comparison
to type locality material will allow testing of their taxonomic
status.

Colaconema sinicola (E. Y. Dawson) J. N. Norris, comb. nov.

FIGURE 23]

Rhodochorton sinicola E. Y. Dawson, 1944a:256, pl. 41: figs. 1, 2; Gonzélez-
Gonzilez et al., 1996:264.

Acrochaetium sinicolum (E. Y. Dawson) Papenfuss, 1945:317; Dawson,
1953a:26, pl. 12: fig. 1; 1961b:404; Garbary, 1987:173; Dreckmann
et al., 1990:27, pl. 4: fig. 3; Espinoza-Avalos, 1993:332; Gonzilez-
Gonzilez et al., 1996:167, 381.

Algae epiphytic; composed of 1 to several erect filaments, up
to 500 pm tall; branched abundantly basally; branching sparse
above, but with longer branches; branches not markedly attenu-
ated; arising from an enlarged basal cell embedded between cells
of alga host. Cells 12-33.6 pm long, 4.0-5.6 pm wide, with a
parietal plastid.
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Monosporangia ovoid, 11-14 pm long, borne terminally
on, usually 2-celled, lateral secund branchlets. Carposporangia
unknown. Spermatangia borne in clusters terminally on short
lateral branchlets.

HABITAT. Epiphytic on Dictyota; intertidal to shal-
low subtidal.
DISTRIBUTION. Gulf of California: Isla Turner. East-

ern Pacific: Michoacédn.
TyPE LOCALITY. Isla Turner (Turners), off SE end of
Isla Tiburén, Islas de la Cintura, Gulf of California, Mexico.

Colaconema tenuissimum (Collins) Woelkerling
FIGURE 23K
Chantransia virgatula (Harvey) Bornet f. tenuissima Collins in Collins,

Holden and Setchell, 1900: Exsiccate P.B.-A. No. 714.

Colaconema tenuissimum (Collins) Woelkerling, 1971:9, 51, fig. 21.

Acrochaetium virgatulum (Harvey) Bornet f. tenuissimum (Collins) Collins,
1906b:194.

Acrochaetium tenuissimum (Collins) Papenfuss, 1945:319; Dawson, 1961b:

404; Abbott and Hollenberg, 1976:319, fig. 262; Stegenga, 1985b:305,

fig. 12.

Rhodochorton tenuissimum (Collins) K. M. Drew, 1928:170, pl. 38: figs.

26,27.

Chantransia tenuissima (Collins) Kylin, 1941:5, figs. le,f.
Audouinella tenuissima (Collins) Garbary, 1979¢:479, 490; 1987:182.
Chromastrum tenuissimum (Collins) Stegenga et Kemperman, 1983:72.

Algae epiphytic, erect filaments unbranched or sparingly
and irregularly branched, attached by a prostrate basal system of
creeping filaments. Branches tapering slightly toward the apices.
Cells cylindrical, 6-8 pm in diameter by 25-48 pm long, with a
single parietal plastid and 1 pyrenoid.

Monosporangia sessile, ovoid, 12-15 pm in diameter by
21-23.5 pm long, scattered along main axis and branches. Other
reproductive structures unknown.

HABITAT. Epiphytic on Ceramium caudatum, which
was growing on Dictyopteris; mid to low intertidal.

DISTRIBUTION. Gulf of California: Punta Pelicano,
vicinity of Puerto Pefiasco. Eastern Pacific: San Pedro, southern
California.

TyPE LOCALITY. Epiphytic on Phyllospadix; San
Pedro harbor entrance, San Pedro, Los Angeles County, southern
California, USA.

REMARKS. A single collection from the upper Gulf
seems closest to Colaconema tenuissimum. New to the Gulf,
C. tenuissimum was originally only known from southern Cali-
fornia (Kylin, 1941; Abbott and Hollenberg, 1976) and has been
subsequently reported in Australia (Woelkerling, 1971), Atlantic
Costa Rica (Stegenga and Kemperman, 1983), and South Africa
(Stegenga, 1985Db).

Woelkerling (1973b), studying specimens of Colaconema
tenuissimum from the northeastern United States, considered it
to be a synonym of Colaconema secundatum (Lyngbye) Woel-
kerling (1973a). However, Stegenga and Kemperman (1983, as
Chromastrum tenuissimum (Collins) Stegenga et Kemperman)
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and Stegenga (1985b) did not follow Woelkering (1973b) and
commented on their distinction, primarily the larger monospo-
rangia of C. tenuissimum, and its very different initial develop-
ment. The basal portion of C. tenuissimum has a conspicuous
angular, 3-celled septate spore and short prostrate filaments,
and A. secundatum has a discoid base in which the initial spore
divides into a 4- to 6-celled pattern. Herein these two are con-
sidered separate until life history studies and molecular compari-
sons have been undertaken on Gulf of California specimens.

Colaconema variabile (K. M. Drew) J. N. Norris, comb. nov.

FIGURE 23H,I

Rhodochorton variabile K. M. Drew, 1928:174, pl. 38: fig. 28, pl. 39: figs.
30, 31; Garbary, 1987:138; Gonzélez-Gonzélez et al., 1996:264.

Acrochaetium variabile (K. M. Drew) G. M. Smith, 1944:179; Daw-
son, 1949¢:222; 1953a:29; 1954a:4; 1961b:405; 1962d:394;
Dawson et al., 1964:37, pl. 30: fig. A; Stewart and Stewart,
1984:142; Ramirez and Santelices, 1991:179; Gonzalez-Gonzilez
etal., 1996:168, 381; Serviere-Zaragoza et al., 2007:9; Fernandez-
Garcia et al., 2011:59.

Audouinella variabilis (K. M. Drew) Garbary in Garbary et al., 1980a:322;
Garbary, 1987:138, 192.

Audouinella plumosa var. variabilis (K. M. Drew) Garbary, G. . Hansen et
Scagel, 1983:42; Garbary, 1987:138; Scagel et al., 1989:148.

Colaconema plumosum (K. M. Drew) Woelkerling var. variabile (K. M.
Drew) P. W. Gabrielson in Gabrielson et al., 2000:40.

Acrochaetium pacificumn sensu Abbott and Hollenberg, 1976:315 [in part;
only in reference to A. variable]; Stewart and Stewart, 1984:142 [non
Acrochaetium pacificum Kylin, 1925:11, which is now Colaconema
pacificumn (Kylin) Woelkerling, 1971:9].

Algae minute, of several erect filaments, 0.5-1.0 mm tall;
arising above a basal system of prostrate filaments that have
coalesced to form a layer 1-2 cells thick. Erect filaments, 8.0-
9.5 pm in diameter; lower portions unbranched or with long
branches; upper portions with short, unbranched or branched,
branchlets in secund series. Cells elongated, 2-3(—4) times longer
than wide, 16-29(-38) pm in length by 8-9.5 pm in diameter;
with a parietal plastid and a single large pyrenoid.

Monosporangia terminal or lateral on secund branchlets;
monosporangia ovoid, 5.0-7.0 pm wide.

HABITAT. Epiphytic on various algae; low intertidal.

DISTRIBUTION. Gulf of California: Mazatlan. East-
ern Pacific: British Columbia to Punta Baja, Baja California; Isla
Guadalupe; Isla San Martin; Isla San Benedicto (Islas Revilla-
gigedo); Nicaragua; Peru; Chile.

TyPE LOCALITY. Epiphytic on Laminaria andersonii,
Cypress Point, Monterey County, central California, USA.

REMARKS.
variabile from C. plumosa were discussed by Drew (1928), Na-
kamura, (1944), Woelkerling (1971), and Stegenga (1985b) (see
also Remarks under C. pacificum). Although Rhodochorton
variabile has been recognized at a varietal rank, first as Audu-

Difficulties in separating Colaconema

oinella plumosa var. variabile (Garbary et al., 1983) and later

as C. plumosa var. variabile P. W. Gabrielson (in Gabrielson et
al., 2000), Pueschel (1989, as a species of Audouinella) provided
ultrastructural data of pit plugs that C. plumosa and C. variabile
were not related, and that C. variabile showed possible affinities
with C. pacificum.

Dawson (1953a, as Acrochaetium variabile) observed that
Pacific Mexico C. variabile were comparatively slender forms of
the species and mostly unbranched in lower portions. Although
thus far known only in the southern Gulf, C. variabile is included
here to call attention to the fact that the Gulf material is in need
of critical study.

NEMALIALES

Nemaliales F. Schmitz, 1892:17 [as “Nemalionales”; see Nicolson and Nor-

ris, 1983:286].

Members of the Nemaliales include algae that are terete,
compressed or flattened thalli, that are mostly erect, or some
may be decumbent, and subdichotomously or variously to ir-
regularly branched. Members have a triphasic life history with
isomorphic, dimorphic, or heteromorphic phases. Gametophytic
thalli are multiaxial in structure, with a central medulla of dif-
fuse to compact filaments that bear anticlinal filaments that ulti-
mately form the cortex. The Nemaliales presently includes three
families, the Liagoraceae, Galaxauraceae, and Scinaiaceae (Huis-
man, 2006). In some families the cortex is composed of loose
filaments; in others the filaments may be more compact, laterally
adjoined, or with cells fused to form a pseudoparenchymatous
cortex. Members of some families are noncalcified (i.e., Scinaia-
ceae), and other members are calcified with calcium carbonate in
the aragonite form of the mineral (e.g., Galaxauraceae and most
of the Liagoraceae). Some taxa are gelatinous or mucilaginous,
with external mucilage (some Liagoraceae) and mucilage-filled
axes contained by cortical layers (Scinaiaceae), whereas members
of the Galaxauraceae are not mucilaginous. Cells are uninucleate
and have one or more plastids with pyrenoids. Secondary cell
fusions occur in some taxa, but secondary pit connections are
absent in all members.

Life histories, where known, are triphasic, involving hap-
loid, monoecious or dioecious gametophytes, a postfertilization
diploid carposporophyte that develops on or within the female
gametophyte, and diploid tetrasporophytes. Tetrasporophytic
thalli are (1) isomorphic (similar morphology to the gameto-
phytes) or almost isomorphic (similar external morphology but
with differences in cortical structure; e.g., Howe, 1917, 1918),
(2) dimorphic (similar in size but with some differences in ex-
ternal morphology and cortical anatomy ), or (3) markedly het-
eromorphic, with relatively larger gametophytes and smaller to
minute tetrasporophytes of a different form, either uniseriate fil-
aments or prostrate crusts (e.g., Feldmann and Feldmann, 1943;
von Stosch, 1965; Ramus, 1969; Couté, 1971, 1976; Delépine
et al., 1979; Magruder, 1984; Guiry, 1990a; Brodie and Norris,
1996). Tetrasporangia are typically cruciately divided.



Sexual reproduction in the Nemaliales is characterized by
the absence of an auxiliary cell; the gonimoblast develops di-
rectly from the fertilized carpogonium. In the Galaxauraceae
and Scinaiaceae, the carpogonial branches are three-celled,
composed of a basal cell, a hypogynous cell, and a terminal car-
pogonium, with the hypogynous cell bearing nutritive branches
(or cells). The gonimoblasts can be compact, and the carpos-
porophyte has a surrounding distinct pericarp and ostiole. In
the Liagoraceae, the carpogonial branch is extremely variable,
from (2-)3 to many celled, and the hypogynous cell is usually
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naked. The gonimoblasts can be compact or diffuse, and the
carposporophyte can be naked or with a loose involucre of fila-
ments. Spermatangia of the Nemaliales are borne superficially
on the thallus surface or in clusters on cortical filaments or in
cavities.

REMARKS. Although the order has often been referred
to as the “Nemalionales” (e.g., Kylin, 1956), Nicolson and Nor-
ris (1983) pointed out that the correct name is the Nemaliales.

All three families of the Nemaliales are represented in the
northern Gulf of California.

KEY TO THE FAMILIES OF NEMALIALES IN THE NORTHERN GULF OF CALIFORNIA

la. Algae noncalcified; gametophytes terete or compressed to somewhat flattened; life histories heteromorphic, tetrasporo-
phytes either crusts or uniseriate fillaments . . ... ...ttt e Scinaiaceae
1b. Thalli lightly to heavily calcified; gametophytes terete, compressed, or flattened; life histories isomorphic, dimorphic, or
ReterOmOrPRIC . .ttt e e e 2
2a. Axes terete to compressed (not flattened); cortex of loosely arranged filaments, easily disassociated from each other; sper-
matangia are borne in clusters at or near the tips of assimilatory filaments or in whorls on midcortical cells; life histories
heteromorphic, tetrasporophytes uniseriate filaments . ......... ... it e Liagoraceae
2b. Axes terete to distinctly flattened; cortex not easily disassociated, cortical filaments tightly packed, somewhat laterally co-

herent or with fusions between some adjacent inner cortical cells; spermatangia in conceptacle-like cavities; life histories

either isomorphic, dimorphic, or heteromorphic (tetrasporophytes either uniseriate filaments or crusts) . ............

GALAXAURACEAE

Galaxauraceae P. G. Parkinson, 1983:606.
Chaetangiaceae Kiitzing, 1843:389, 391 [as “Chaetangieae™]; Silva, 1980:81

[see Parkinson, 1983].

Gametophytes of this family are erect and calcified, with
terete, compressed, or flattened axes. Most members are dichoto-
mously to subdichotomously, or rarely irregularly, branched. An-
atomically, all are multiaxial, with an axial core of longitudinal
medullary filaments, from which subdichotomously branched
filaments grow anticlinally outward and ultimately form the cor-
tex. The cortex either remains filamentous or develops a pseu-
doparenchymatous layer of laterally coherent cells, with some
having fusions between adjacent cortical cells. The surface is par-
tially to entirely smooth or has spinulose cells or short to long
pigmented assimilatory filaments (“hair-like”) extending from
the cortex of various species.

Life histories involve tetrasporophytes and gametophytes
that are (1) isomorphic (i.e., externally similar in habit, differing
only in cortical structure), (2) dimorphic (i.e., similar in size but
differing in both habit and cortical structure), or (3) heteromor-
phic with macroscopic gametophytes and either a much smaller
filamentous or crustose tetrasporophyte. Tetrasporophytes, where
known, produce cruciately divided tetrasporangia. The carpogo-
nial branch of the female gametophyte is borne on inner cells of
a cortical filament and is three-celled with nutritive cells or fila-
ments issued from the hypogynous cell and sterile filaments de-
rived from the basal cell. Gonimoblast filaments develop directly

from the zygote. At maturity, the carposporophyte has produced
branched gonimoblast filaments with terminal carposporangia,
either solitary or in chains, within a conceptacle formed from fila-
ments developed from the basal cell of the carpogonial branch or
from gonimoblast filaments. Cystocarps are immersed in the axes
(outer medulla) and are ostiolate. Spermatangia are scattered
over the outer cortical cell layer or on hypodermal cells (inner
cortical cells) or within conceptacle-like cavities.

REMARKS.
metophytes and tetrasporophytes) was proposed for species of
Galaxaura by Howe over 98 years ago (1916, 1918); however, a
single entity may have received two different species names, one
for the tetrasporophyte and another for the gametophyte, be-
cause of their morphological dissimilarity. This has complicated
Galaxaura taxonomy (Chou, 1945; Zhou and Chen, 1983) and
subsequently resulted in many synonyms (e.g., Papenfuss et al.,
1982). The correlation of the presumed alternate generations
cannot be resolved solely by studying herbarium material. Direct
seasonal observations of field populations may reveal associa-

Dimorphism of life history phases (ga-

tions of asexual and sexual species, which may be involved in
a single life cycle. These associations could then be tested in the
laboratory with life history studies and verified by phylogenetic
analyses using instructive genetic markers to correlate haploid
and diploid phases to the correct species names (e.g., Huisman et
al., 2004c¢; Kurihara et al., 2005).

Currently, there are four genera recognized in the Galax-
auraceae, three of which are recorded in the northern Gulf of
California.
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KEY TO THE GENERA OF GALAXAURACEAE IN THE NORTHERN GULF OF CALIFORNIA

Axes flattened, nonsegmented (in Gulf species); gametophytes and sporophytes macroscopically isomorphic, differing
mainly in cortical anatomy; surfaces of both gametophytes and sporophyte glabrous (cortex without extended assimila-
tory filaments, “hairs™) ... ...t e e e Dichotomaria
Axes terete, nonsegmented (some may appear “segmented” because of breaks in calcification, usually at branching
points); gametophytes and sporophytes either (1) dimorphic (differing in both habit and cortical anatomy) only gameto-
phyte surface glabrous (without “hairs”) and sporophytes with hirsute (“hairy”) surface (cortex with extended assimila-
tory filaments) or (2) phases markedly heteromorphic, sporophytes are branched uniseriate filaments ............ 2
Gametophytes and sporophytes heteromorphic; gametophytes surface glabrous (smooth), without extended assimilatory
filaments; cortical cells not firmly laterally attached to each other (fusions lacking); sporophytes uniseriate, branched
AlamMIEIIES . oottt et e e e e e e Tricleocarpa
Gametophytes and sporophytes dimorphic, differing in habit and cortical cell structure; sporophyte surface entirely or
partially covered in extended assimilatory filaments; gametophytes surface mostly glabrous; inner cortex of firmly, later-
ally cohering cells (fused in SOME SPECIES) . v vt vt vttt et e ettt ettt Galaxaura

KEY TO THE SPECIES OF DICHOTOMARIA, GALAXAURA, AND TRICLEOCARPA
IN THE NORTHERN GULF OF CALIFORNIA

Thalli distinctly flattened or strongly compressed ... ..ottt i e 2
Thalli terete throughout or partially terete with upper portions slightly compressed .......................... 3
Lateral margins thicken and raised on drying; cortex of sporophytes with stalk-like cells bearing subspherical outer
cortical cells that occasionally have an apiculate apex (more common near margins); cortex of gametophytes with outer
spinulose cells mostly along axes Margings . ... ......ouuuvuinntnr i enenennn. Dichotomaria marginata
Lateral margins usually not raised on drying; cortex of sporophytes with stalk-like cells bearing ellipsoid or slightly flattened
outermost cortical cells, cell apices not apiculate; cortex of gametophytes with outer spinulose cells covering thallus surface
........................................................................ Dichotomaria spathulata
Thallus surface partially or entirely hirsute (hairy); cortical layer with some extending assimilatory filaments (not com-
Pletely sSMOOth) ..o e 4
Thallus surface glabrous throughout (without hairs/assimilatory filaments) .. ......... ... .. ... . . ... 6
Thallus mostly terete (upper portions may be slightly compressed); surface either glabrous, often annulate (calcification
interrupted by clear transverse bands), or with lower portions hairy and upper portions with occasional assimilatory fila-
ments on outer cortical cells; some fusions present between adjacent inner cortical cells (gametophyte) .............
....................................................................... Galaxaura rugosa (in part)
Thallus terete; surface not smooth, hirsute (hairy), with both long and short assimilatory filaments; adjacent inner corti-
cal cells MOt fused . . . ..ot e S
Cortex of tumid basal cells, 50-60 pm long, 30-40 pm in diameter, that bear assimilatory filaments that are either (a)
short, of 2 or 3 subglobose cells, or (b) long filaments of elongated cells, 28—-54 pm long, 14-16 pm in diameter basally,
slightly wider upward, 16-18 pm in diameter (sporophyte) .. ..... ... .. .o, Galaxaura rugosa (in part)
Cortex of tumid basal cells, 40-65 pm long by 20-40 in diameter, that bear assimilatory filaments that are either (a)
short, of 2(-3) cells and a subglobose terminal cell, 20-32 pm in diameter), or (b) short to long filaments, 0.8-1.2 mm
in length, of elongated cells, 18-60 pm long, 12-15 pm in diameter basally, widening upward to 18-20 pm in diameter
(SPOTOPRYLE) .« vttt ettt e e e e e e e e Galaxaura ramulosa
Branches narrow, 0.5-1.5 mm in diameter; gonimoblast filaments lining all sides of pericarp, mixed with numerous, well-
developed paraphyses . ... ...t e Tricleocarpa cylindrica
Branches broader, 1.5-2.0 mm in diameter; gonimoblast filaments growing laterally only along base of pericarp, mixed
with poorly developed paraphyses ... ...t e Tricleocarpa fragilis

Dichotomaria Lamarck basal portions that are hirsute (hairy). Branches sometimes have
proliferations, with or without distinct segments depending on

Dichotomaria Lamarck, 1816:143; J. Agardh, 1876:529. the species. Medulla is filamentous. Gametophytes and tetraspo-
Alysium C. Agardh, 1823:433; Wynne, 2008:323, figs.1-3. rophytes are isomorphic, and although these life history phases
Algae are calcified, terete or flattened and subdichoto- are similar in habit, their cortical anatomy differs. Gametophytes

mously branched thalli with axes that are smooth, or some have have a closely packed cortex, usually of 3 layers: inner 2 cortical



layers of large, nearly hyaline cells that frequently fuse laterally,
and an outer cortical layer of smaller pigmented cells. Carpogo-
nial branches are borne in place of a normal vegetative filament.
The carpogonial branch is 3-celled, composed of a basal cell,
a hypogynous cell, and carpogonium. Before fertilization the
hypogynous cell has 3—4 nutritive branches, and the basal cell
has up to 4(-5) small-celled sterile filaments (Huisman, 2006).
After fertilization, gonimoblast initials develop from the carpo-
gonium and radiate outward. Cystocarps have a central fusion
cell. Surrounding the carposporophyte is a pericarp formed by
both gonimoblast filaments and involucral filaments derived
from the basal cell of the carpogonial branch. Carposporangia
are terminal on gonimoblast filaments that project toward cen-
ter of the cystocarp cavity; pericarp filaments never extend into
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the cystocarp cavity. Spermatangia are borne in conceptacle-like
cavities.

Sporophytes have a cortex of 3-6 layers: inner 1-3 cortical
layers of large hyaline cells and an outermost layer of pigmented
ellipsoid, subglobose, or wedge-shaped cells borne on loosely
spaced stalk-like cells. Tetrasporangia are cruciately divided,
borne laterally on stalk cells of cortex or terminally from outer-
most cortical cells.

REMARKS. Huisman et al. (2004b), on the basis of
genetic, life history, and morphological characters, resurrected
the genus Dichotomaria and transferred some Galaxaura species
to the genus.

Two species of Dichotomaria, both flattened, occur in the
northern Gulf of California.

KEY TO THE SPECIES OF DICHOTOMARIA IN THE NORTHERN GULF OF CALIFORNIA

la. Axes flattened, with thickened margins (raised on drying); Gulf gametophytes surface mostly smooth, but with spinulose
cells (often dense) protruding along axes margins; sporophyte (not known in Gulf) cortex with pairs of subspherical cells
on stalk cells; subspherical cells occasionally with apiculate apices, notably along axes margins ........ D. marginata
1b. Axes flattened, margins even or only slightly raised (on drying); gametophytes (not known in Gulf) with spinulose cells
over entire thallus surface; Gulf sporophytes with stalk cells bearing subspherical, nonapiculate cells that form outermost

cortical layer ... ... . i

Dichotomaria marginata (J. Ellis et Solander) Lamarck

FIGURE 24

Corallina marginata ]. Ellis et Solander, 1786:115, pl. 22: fig. 6 [fig. 6 selected
as lectotype by Papenfuss et al., 1982:411].

Dichotomaria marginata (J. Ellis et Solander) Lamarck, 1816:146; Huisman
et al., 2004b:230; Huisman et al., 2004c:344, fig. 10; Huisman and
Kurihara, 2006:17, figs. 5A,B, 6A; Fernandez-Garcia et al., 2011:61;
Wiriyadamrikul et al., 2014:34, fig. 6A-1.

Galaxaura marginata (]. Ellis et Solander) J. V. Lamouroux, 1816:264;
Dawson, 1944a:258; 1961b:407; Papenfuss et al., 1982:411, figs. 7-9,
24, 36-37; Huisman and Borowitzka, 1990:157, figs. 14-27; Dreck-
mann, 1991:33; Gonzilez-Gonzilez et al., 1996:311; Abbott, 1999:67,
fig. 7G,H; Mateo-Cid et al., 2000:63; Cruz-Ayala et al., 2001:191;
CONANP, 2002:141; Y.-P. Lee, 2008:218, figs. A-C; Bernecker,
2009:CD-Rom p. 61.

Zanardinia marginata (J. Ellis et Solander) J. Agardh, 1876:534.

Galaxaura veprecula Kjellman, 1900:80, pl. 16, figs. 17-33, pl. 20: fig. 20;
Tanaka, 1936:169, figs. 36, 37, pl. 43: fig. 1; Taylor, 1945:143; Chou,
1947:16, pl. 6: figs. 1-8, pl. 12: fig. 2; Dawson, 1953a:53, pl. 18: fig.
2; 1957c:14; 1959a:20; 1961b:407; 1962b:229; Zhou and Chen,
1983:84, pl. 2: figs. 9, 10; Huerta-Muzquiz and Mendoza-Gonzilez,
1985:48; Gonzalez-Gonzalez et al., 1996:203: Riosmena-Rodriguez et
al., 1998:28.

Galaxaura ventricosa sensu Taylor, 1945:143 [in part; Nayarit specimen];
Chou, 1947:18, pl.6: figs. 9-12, pl. 12: fig.2; Zhou and Chen, 1983:85,
pl. 1: fig. 11; Serviere-Zaragoza et al., 1993a:483; Gonzilez-Gonzélez
etal., 1996:202 [non Galaxaura ventricosa Kjellman, 1900:81].
Algae erect, bushy, calcified, pale pink to grayish red, of flat-

tened smooth and regularly subdichotomously branched axes, up

to 8 cm high, axes 1.0-2.5(—4.0) mm in diameter, of more or less

..................................... D. spathulata

uniform width throughout; branch dichotomies 3-10(-15) mm
apart; attached below by a broad flattened or discoid holdfast.
Branches glabrous above, often with distinct transverse bands
(striations where calcification interrupted), margins often thick-
ened; basal portions subterete, often hirsute (hairy). Medullary
filaments of elongated cells, 8—16 pm in diameter. Gametophyte
cortex pseudoparenchymatous, of 3 closely packed cell layers,
inner 2 layers of large colorless subglobose cells, and single outer
layer of pigmented smaller cells (15-)20-30(-35) pm in diam-
eter, polygonal in surface view (46 sided). Surface cortical cells
commonly bearing spinulose (apiculate) epidermal cells along
the axes margins and occasional in patches elsewhere; spinulose
cells 30-40 pm long by 10-15 pm in diameter, with a rounded
or mucronate apex. Sporophytes not found in our collections; as
reported from elsewhere (Wang et al., 2005): cortex of 4-5 lay-
ers; inner layers of large, colorless, globose cells; outermost layer
of pigmented subspherical cells borne singly or in pairs on elon-
gate, loosely spaced stalk-like cells; subspherical cells sometimes
apiculate (see Huisman, 2006: fig. 5b), with a short simple spine
on their external surface, particularly on cells near axes margins
(Wiriyadamrikul et al., 2014: fig. 6-I).

Tetrasporangia cruciately divided; borne laterally on sub-
epidermal stalk cells or terminally on outermost cortical cells.
Gametophytes usually dioecious. Spermatangia in conceptacle-
like cavities (Figure 24B, C).

HABITAT. On rocks; low intertidal to shallow sub-
tidal; dredged to 40 m depths.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Punta Cirio to Guaymas; Caleta Santa Maria (about 11.3 km [7
miles] north of Santa Rosalia) to Bahia Agua Verde; Bahia de
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FIGURE 24. A-C. Dichotomaria marginata: A. Habit of gametophyte (JN-3400a, US Alg. Coll.-159143). B. Transection of male gametophyte
showing two embedded spermatangial cavities and tightly arranged outer cortical cells (epidermis) bearing spinulose cells. C. Transection show-
ing densely branched spermatangial filaments projecting into cavity of male conceptacle (B, C JN-4891a, US Alg. Coll. microscope slide 8707).

La Paz to Punta Los Frailes; Nayarit to Jalisco; Isla Maria Mag-
dalena (Islas Marias; Islas Tres Marias). Eastern Pacific: Costa
Rica; Galdpagos Islands. Central Pacificc Hawaiian Islands.
Western Pacific: China; Taiwan; Korea; Japan.

Tyre LocALITY. “On the shore of one of the Ba-
hama Islands” (Ellis and Solander, 1786:115).

REMARKS. Molecular phylogenies based on rbcL se-
quence data (Wang et al., 2005; Wiriyadamrikul et al., 2014: fig.
1) indicate specimens identified as D. marginata from around
the world are not monophyletic but instead diverge into several
clades. Dichotomaria marginata is currently a species complex in
need of taxonomic revision (Wang et al., 2005; Huisman et al.,
2004b; Huisman, 2006). Northern Gulf specimens from Guay-
mas identified as D. marginata grouped in a clade near speci-
mens of D. tenera from South Africa (Wang et al., 2005: figs. 8,

9; Liu et al., 2013: fig. 1). Gulf of California D. marginata and
South African D. tenera (De Clerck et al., 2005a) are similar in
morphology, and both have small axes diameters of 1-2(-3) mm.
The sporophytes of these two species have been separated on the
presence or absence of apiculate ends on their ultimate epidermal
cells. They are often present on those of D. marginata, particu-
larly on cells along the axes margins (Huisman et al., 2004b),
and they are absent from ultimate epidermal cells of D. tenera.
However, apiculate epidermal cells have since been occasionally
observed on D. tenera sporophytes, so this feature is apparently
not entirely consistent (De Clerck et al., 2005a).

Only gametophytic thalli of Dichotomaria marginata were
found in our northern Gulf collections. The specimens generally
agree in external morphology and internal anatomy with Austra-
lian D. marginata (see Huisman and Kurihara, 2006:17), although



size measurements of Gulf specimens are smaller. Branches of
Gulf of California specimens of D. marginata (JN-4891a, US Alg.
Coll.-159149; and JN-3400a, US Alg. Coll-159142), when viewed
under a dissection scope, reveal tiny brown spinulose cells bris-
tling along their axes margins, whereas in the middle, the branches
are pink and shiny, with a reflective sparkle off the cortical surface.
Detailed comparative morphological studies and phyloge-
netic analyses of DNA sequences of Gulf of California D. mar-
ginata are needed to determine if they are in agreement with type
locality material (Bahamas Islands) or are possibly a separate en-
tity. The Gulf D. marginata should also be studied to understand
its relationship to Gulf specimens identified with D. spathulata.

Dichotomaria spathulata (Kjellman) A. Kurihara et Huisman

FIGURE 25

Galaxaura spathulata Kjellman, 1900:74, pl. 12: figs. 5-12, pl. 20: fig.
35; Taylor, 1945:142; Dawson, 1961b:407; Fernandez-Garcia et al.,
2011:61.
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Dichotomaria spathulata (Kjellman) A. Kurihara et Huisman in Huisman
and Kurihara, 2006:21, 135, figs. 5C, 6B.

Galaxaura arborea Kjellman, 1900:72, pl. 11: figs. 1-11, pl. 20: fig. 39;
Tanaka, 1936:161, figs. 24, 25, pl. 40; Tseng, 1941:94, fig. 6; Chou,
1945:50, pl. 5: figs. 2-5, pl. 10: figs. 1, 2; Dawson, 1953a:49, pl. 17: fig.
2;1959:5, 6, 19; 1961b:407; 1962d:394; 1966a:15; Zhou and Chen,
1983:87, pl. 1: fig. 6; Tseng, 1983:58, pl. 32: fig. 2; Norris, 1985d:211;
Huerta-Muzquiz and Mendoza-Gonzélez, 1985:48; Anaya-Reyna and
Riosmena-Rodriguez, 1996:864, tbl. 1; Riosmena-Rodriguez et al.,
1998:28; CONANP, 2002:141; Fernandez-Garcia et al., 2011:61.

Galaxaura marginata sensu Dawson, 1944a:258 [non Galaxaura marginata
(J. Ellis et Solander) J. V. Lamouroux, 1816:264, which is now Dicho-
tomaria marginata (J. Ellis et Solander) Lamarck, 1816:146].

Algae erect, bushy, composed of flattened calcified axes,
grayish green to reddish brown, up to 12 c¢m tall; above a terete
to compressed stipe, 1-4 mm long; attached below by a small
holdfast of compacted rhizoidal cells. Axes 1-3 mm wide and
250-400 pm thick. Surfaces of axes with transverse bands or

FIGURE 25. Dichotomaria spathulata: A. Habit, tetrasporophyte (JN-5859, US Alg. Coll.-159150). B, C. Portion of transections through
sporophyte cortex showing loosely arranged stalk-like cells bearing 1-2 subspherical, nonapiculate ultimate cortical cells (B, IN-4891b, US Alg.
Coll. microscope slide 8708; C, JN-2941, US Alg. Coll. microscope slide 5366).
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striations where calcification has been interrupted; axes repeat-
edly subdichotomously branched, up to 6 orders. Medulla fila-
mentous. Sporophyte cortex of 4-5 layers; inner 2-3 layers of
globose colorless cells and borne singly or in pairs above a short
(about 20 um long) stalk-like cell, the outermost layer of oval
to obovoid cells, 30-45 pm tall, 25-35 pm in diameter. Game-
tophytes (not known in the northern Gulf); elsewhere reported
with pseudoparenchymatous cortex, of 3-4 compact layers;
inner 2 layers of colorless, laterally cohering cells, 24-60 pm tall,
60-80 pm wide; outer layer of smaller, pigmented cells, many
with spinulose cells at the thallus surface.

HABITAT. On intertidal platforms, on rocks, and in
tide pools; mid to low intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco;

Punta Cirio; Bahia de Loreto to Cabo San Lucas. Eastern Pacific:
Costa Rica; Nicaragua; Galdpagos Islands. Central Pacific: Ha-
waiian Islands. Western Pacific: China; Japan.

Tyre LocCALITY. Fremantle, Western Australia,
Australia.

REMARKS. Only sporophytes of Dichotomaria spath-
ulata were found in our northern Gulf collections as well as
those of Dawson (1966a, as “Galaxaura arborea”). Galaxaura
arborea was considered to be conspecific with D. spathulata by
Huisman and Kurihara (2006). Morphologically, the Gulf of
California specimens referred to D. spathulata are on the small
end of the size range for the species, with branches up to 3 mm
in width. Sporophytes of Australian D. spathulata (Huisman and
Kurihara, 2006:21) can have wider axes (up to 5 mm) and also
differ in being more sparingly branched, with longer intervals be-
tween dichotomies. Structures, possibly immature tetrasporangia
(not yet divided), were observed to be terminal on some epider-
mal cells of northern Gulf D. spathulata (JN-4833, US Alg. Coll.
microscope slide 5250). If they are sporangia, then the Gulf tet-
rasporangia differ in position from tetrasporangia reported for
Australian D. spathulata, which are borne laterally from the sub-
epidermal cells (stalk cells).

Outside the Gulf of California, sporophytes of D. spathu-
lata from Pacific Mexico and Costa Rica (Chou, 1945; Daw-
son, 1953a, both as “Galaxaura arborea”) were found growing
sympatrically among gametophytes identified as “Galaxaura ve-
precula.” The ecological association of the two suggested they
might be life history phases of a single species, and they were
later treated as being conspecific (Papenfuss et al., 1982). How-
ever, more recently, Huisman and Kurihara (2006) considered
G. veprecula Kjellman (1900; type locality: Madagascar) to be
a synonym of Dichotomaria marginata (J. Ellis et Solander)
Lamouroux.

Dichotomaria spathulata is currently reported as being
widespread in distribution. Phylogenetic analyses of DNA se-
quences are needed to assess whether Gulf of California algae re-
ferred to D. spathulata, as well as those from around the world,
are identical with type or type locality material (Western Austra-
lia) or are perhaps separate species.

Galaxaura J. V. Lamouroux

Galaxaura J. V. Lamouroux, 1812:185.

Algae of erect, calcified, subdichotomously branched terete
axes of multiaxial construction. Gametophytes and tetrasporo-
phytes are dimorphic, both having a filamentous medulla, but
differ in external morphology and in cortical anatomy. Gameto-
phytes have smooth surfaces (glabrous) or partly smooth in the
upper portions and with hairy surfaces in lower portions. The
cortex of gametophytes is typically 3 layers thick: inner 2 layers
of large colorless cells that are often laterally adjoined (fused)
and an outer layer of smaller tightly arranged pigmented cells.
The cortex of sporophytes is composed of supporting cells bear-
ing short and long assimilatory filaments, giving the surface a
hairy appearance. The assimilatory filaments/hairs are supported
on inflated or noninflated basal cells.

Sporophytes produce cruciately divided tetrasporangia. Tet-
rasporangia develop laterally or terminally on the assimilatory
filaments that extend beyond the thallus surface.

Gametophytes are usually dioecious, although some are mon-
oecious. Carpogonial branches are 3-celled, developing in place of
a vegetative filament. Before fertilization the hypogynous cell of the
carpogonial branch bears 3—4 nutritive filaments, and the basal cell
has 3—4 sterile filaments of 3—4 small cells. The filaments derived
from the basal cell do not form a pericarp but remain at the base
of the cystocarp in Galaxaura (Wang et al., 2005). The primary
gonimoblast filaments are initiated from the fertilized carpogonium
and form most of the cystocarpic conceptacle wall. A fusion cell
is formed from the carpogonium, hypogynous cell, basal cell, and
part of conceptacle wall filaments (i.e., inner gonimoblast cells).
Cystocarps are immersed within the axes, with carposporangia
terminal on gonimoblast filaments that arise from the conceptacle
wall and grow toward the center of the cystocarpic cavity (Huis-
man, 2006). Spermatangia are formed in conceptacle-like cavities.

REMARKS. The generic name, Galaxaura (Greek: Ga-
laxaurh), is after one of the Okeanides (Oceanides), the three
thousand goddess nymphs who were daughters of Okeanos
(Oceanus) and Tethys (Huisman, 2006).

Two species of Galaxaura occur in the northern Gulf of
California.

KEY TO THE SPECIES OF GALAXAURA IN THE NORTHERN GULF OF CALIFORNIA

la. Thallus pinkish to peach colored, generally wider and with smooth branch surfaces in upper parts; cortex of lower por-

tions of thallus often with sparse to dense assimilatory filaments/hairs (gametophyte) . ........... G. rugosa (in part)
1b. Thallus usually dark reddish; surface hairy (hirsute) throughout, cortex with short and long extended assimilatory fila-

ments/hairs (in whorls or not in whorls) ............
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2a. Short assimilatory filaments commonly composed of 3 cells (occasionally 2) (sporophyte) ........ G. rugosa (in part)
2b. Short assimilatory filaments mostly of 2-cells (infrequently of 3 cells) (sporophyte) .. ................ G. ramulosa

Galaxaura ramulosa Kjellman

FIGURE 26

Galaxaura ramulosa Kjellman, 1900:50, pl. 3: figs. 24-26, pl. 4: figs. 1-3,
pl. 20: fig. 18; Chou, 1945:44, pl. 2: figs. 3-5, pl. 7: fig. 1; Taylor,

1945:140; Dawson, 1957c:13; 1961b:407; 1962b:229; 1966a:15;

1966b:59; Gonzilez-Gonzilez et al., 1996:202; Bernecker, 2009:CD-

Rom p. 61.

Tetrasporophytes up to 6(-10) cm tall; axes terete, 0.5-1.2
mm in diameter; dichotomously to subdichotomously branched,
heavily calcified. Dichotomies 2-15 mm apart; surface mostly
hairy (hirsute), but may become denuded in lower portions.
Assimilatory filaments/hairs occasionally in whorls. Medullary
filament cells elongate, 6—20 pm in diameter. Cortex of cortical
supporting cells, 30-35 pum tall by 20-40 pm wide; each support
cell often with both a short and a long extended assimilatory fila-
ment on a tumid basal cell. Short assimilatory filament, usually
of 2 cells (infrequently 3): a tumid basal cell, 40-65 pm long by
20-40 pm in diameter, and a subglobose terminal cell, 20-32 pm
in diameter (usually nearly the same diameter as basal cell). Long
assimilatory filaments (also on a tumid basal cell) 0.8-1.2 mm
long, of cells 18-60 pm in length, 12-15 pm in diameter basally,
cells wider above to 18-20 pm in diameter.

Gametophytes unknown in Gulf of California collections.

HABITAT. On rocks and tidal platforms and in tide
pools; mid intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Bahia de San Carlos (“Nuevo Guaymas”), north of Guaymas.
Eastern Pacific: Costa Rica; Panama.

TYPE LOCALITY. [Probably Recifie], Pernambuco,
Brazil.

REMARKS. Only the sporophyte of Galaxaura ramu-
losa is thus far reported in the northern Gulf of California. It has
extended assimilatory filaments that resemble those described
for sporophytes of other species (see Tanaka, 1936: Chou, 1945;
Wang et al., 2005), e.g., G. delabida Kjellman (1900) and G. lap-
idescens, that have been considered conspecific with G. rugosa.
Dawes and Mathieson (2008) list G. ramulosa in synonyms of
G. rugosa, but without comment. Northern Gulf specimens re-
ferred to G. ramulosa and Brazilian G. ramulosa (type and type
locality) need to be comparatively tested with DNA sequence
analyses to clarify their phylogenetic relationship, and then com-
pared to G. rugosa.

Galaxaura rugosa (]. Ellis et Solander) J. V. Lamouroux

FIGURE 27

Corallina rugosa J. Ellis et Solander, 1786:1135, pl. 22: fig. 3.

Galaxaura rugosa (J. Ellis et Solander) J. V. Lamouroux, 1816:263; Pa-
penfuss et al., 1982:421, figs. 17-19, 29, 40, 41, 45; Huisman and
Borowitzka, 1990:153, figs. 1-13; Dreckmann, 1991:33; Le6n-Tejera
etal., 1993:200; Mateo-Cid et al., 1993:47; Ledn-Tejera and Gonzilez-
Gonzilez, 1993:496; Gonzilez-Gonzilez et al., 1996:390; Yoshida,

1998:502; Abbott, 1999:68, fig. 8A-E; Cruz-Ayala et al., 2001:191;

CONANP, 2002:141; Huisman et al., 2004c¢:344, figs. 1-6; Wang et

al., 2005:693, figs. 3d—g, 4a—i, 6¢—f, 7a—e; Mateo-Cid et al., 2006:55;

Huisman, 2006:22, fig. 7A-G; Serviere-Zaragoza et al., 2007:9; Y.-

P. Lee, 2008:220, figs. A-D; Bernecker and Wehrtmann, 2009:226;

Fernandez-Garcia et al., 2011:61.

Corallina lapidescens J. Ellis et Solander, 1786:112, pl. 22: fig. 9.

Galaxaura lapidescens (]. Ellis et Solander) Lamouroux, 1816:264; Taylor,
1960:337; Papenfuss et al., 1982:407, figs. 4, 5, 22, 23, 34, 44.

Galaxaura squalida Kjellman, 1900:535, pl. 6: figs. 1-12, pl. 20: fig. 9; Sve-
delius, 1945:3, figs. 1-7, pl. 1; Taylor, 1945:142; Chou, 1947:9, pl. 4:
figs. 1-11, pl. 8: fig. 2; Dawson, 1953a:52, pl. 19: fig. 1; 1961b:407;
1962b:198, 229, fig. 73; 1966a:15; Zhou and Chen, 1983:83, pl. 2: figs.
6, 7; Huerta-Muzquiz and Mendoza-Gonzélez, 1985:48; Gonzalez-
Gonzdlez et al., 1996:311; Anaya-Reyna and Riosmena-Rodriguez,
1996:864, tbl. 1; Riosmena-Rodriguez et al., 1998:28.

Galaxaura subfruticulosa R. Chou in Taylor, 1945:140; Chou, 1945:41, pl.
2:fig. 6, pl. 8: fig. 2; Dawson, 1953a:52, pl. 20: fig.1; 1961b:407; Itono,
1977b:6, fig. 4; Papenfuss et al., 1982:409; Tseng, 1983:60, pl. 33, fig.
4; Zhou and Chen, 1983:87, pl. 1: fig. 5; Gonzélez-Gonzélez et al.,
1996:202.

Galaxaura subverticillata Kjellman, 1900:48, pl. 3: figs. 12-14, pl. 20: fig.
17; Tanaka, 1936:146, figs. 3, 4, pl. 34: fig. 2; Dreckmann, 1991:33;
Yoshida, 1998:503.

Gametophytic and tetrasporophytic thalli are dimorphic,
differing in external morphology and cortical anatomy. Game-
tophytes erect, forming clumps 4-8(-10) c¢m tall, branches te-
rete, glabrous (without hairs) in upper parts, with assimilatory
filaments/hairs on outer cortical cells of lower portions. Thalli
light pink, yellowish green, or peach colored, with rosy orange
apices; branches mostly (2.0-)5-12 mm long, 1-2 mm in diam-
eter; slightly segmented (not constricted) and repeatedly dichoto-
mously to subdichotomously branched; attached by a discoid,
expanding holdfast. Heavily calcified throughout, with evident
annulations (transverse striations) interrupting calcification in
upper portions. Cortex 3(—4) cell layers thick, inner two cortical
layers of large, subglobose cells, 20-40 pm tall by 25-40 pm in
diameter; innermost cells often fuse with adjacent cortical cell
becoming larger, much wider than tall, 20-30 pm tall, 25-80
pm in width, and sometimes fused with 2-3 lobes (in longitu-
dinal section); middle layer of globose to ovate cells, 15-30 pm
tall, 15-25(-30) pm in diameter. Outer layer of flat-topped pig-
mented angular cells (4-7 sided); in surface view 14-22 pm wide,
with a single stellate chloroplast and central pyrenoid; surface
cells in cross section 8-12(-15) pm tall by 18-25 pm wide.

Gametophytes apparently dioecious. Cystocarps spheri-
cal, embedded in medulla, with ostiole opening through corti-
cal layer to thallus surface; mature carposporangia about 50
pm long by 30 pm in diameter. Spermatangial reproduction un-
known in Gulf material (reported from elsewhere: spermatan-
gial cavities 230-450 pm in diameter; inner parent cells cutoff
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FIGURE 26. Galaxaura ramulosa: A. Habit of sporophyte (JN-3563, US Alg. Coll.-159169). B. Sporophytic specimen with dark reddish ex-
tended assimilatory filaments in whorls (EYD-27457, US Alg. Coll.-40824). C. Transection of branch showing cortex of tangled filaments and
supporting cells that bear inflated basal cells with long or short assimilatory filaments (JN-3080, US Alg. Coll.-159167). D, E. Separated cortical
filaments showing supporting cell bearing one or two tumid cells each with a single short or long assimilatory filament. Short filaments consist
of a tumid cell and a terminal cell (occasionally one additional cell), with the terminal cell subglobose or sometimes flat topped (D, E, JN-4280,
US Alg. Coll. microscope slide 8697).
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FIGURE 27. Galaxaura rugosa: A. Habit of gametophyte (JN-3634, US Alg. Coll.-159199). B. Transection of
gametophyte cortex showing lateral fusion of colorless cortical cells and outermost layer of smaller pigmented
cells. C, D. Small portion of gametophyte cortex showing lateral fusions of inner cells and the occasional extended
assimilatory filaments (B-D, JN-3077, US Alg. Coll. microscope slide 8698).

highly branched, spermatangial filaments that develop terminal
and subterminal spermatangia, 7-10 pm in diameter [after Wang
et al., 2005]).

Tetrasporophytes, dark red in color, up to 8 cm tall (gen-
erally shorter in height with axes thinner in diameter than

gametophytes); subdichotomously branched; branch segments
3-7 mm long; surface characteristically furry or hairy; with sim-
ple or sometimes branched, extended assimilatory filaments, up
to 1.0 mm in length, arising from inflated basal cells of cortical
layer; intermixed long (5- to 12-celled or more) and short (2- to



60 o SMITHSONIAN CONTRIBUTIONS TO BOTANY

3-celled) assimilatory filaments of elongated cells, 22-30(-54)
pm in length and 14-18 pm in diameter, slightly narrower proxi-
mally. Medullary filaments 6-18 pm in diameter. Cortical layer
of tumid, oval to pyriform, basal cells, 45-65 long by 28-40 in
diameter; with a subglobose terminal cell 20-35 pm in diameter
(similar or smaller in diameter than subterminal and basal cells).

Tetrasporangia globose to ovoid, 27-33 pm in diameter; termi-
nal on long and short assimilatory filaments (after Huisman, 2006).

HABITAT. On rocks; low intertidal to shallow sub-
tidal, down to 10 m depths.

DISTRIBUTION.
to Cabeza Ballena. Eastern Pacific: Punta Palmilla (Baja Califor-
nia Sur); Isla Clarion (Islas Revillagigedo); Costa Rica; Panama.
Central Pacific: Hawaiian Islands. Western Pacific: Japan; Tai-
wan; China; Korea.

Tyre LocALITy.
bean Sea.

REMARKS. Gametophytes of Galaxaura rugosa are
generally wider, pinkish to peach in color, with smooth branch
surfaces, distinguishing them from the other terete species of Ga-
laxaura in the northern Gulf. Gulf of California tetrasporophytes
are reddish, often dark red, with hirsute (hairy) branch surfaces
covered in dark red extended assimilatory filaments.

Wang et al. (2005), comparing molecular analyses from
specimens of Taiwan G. rugosa with those from other Pacific
and Atlantic locales, demonstrated the species was polyphy-
letic. Analysis of rbcL sequence data revealed that three clades
separated out in their phylogenetic trees, with each clade cor-
related to morphological differences of the sporophytes—i.e.,
the absence or presence and numbers and density of long and
short assimilatory filaments borne on tumid basal cells. The G.
rugosa complex is in need of taxonomic revision (Wang et al..
2005), and may possibly include overlooked species as well as
some of the species currently considered to be conspecific. Test-
ing of gametophytes and tetrasporophytes of Gulf of California
G. rugosa will help elucidate their relationship to Caribbean G.

Gulf of California: Puerto Pefasco

Jamaica, Greater Antilles, Carib-

rugosa (type locality: Jamaica) and the western Pacific G. rugosa
of Wang et al. (2005).

Tricleocarpa Huisman et Borowitzka

Tricleocarpa Huisman et Borowitzka, 1990:164.

The gametophyte and tetrasporophyte phases of Tricleo-
carpa species are heteromorphic. Tetrasporophytes are minute,
branched, Acrochaetium-like filaments (not yet discovered in the
Gulf of California), and gametophytes are macroscopic, erect,
calcified, subdichotomously branched fronds (proliferations
rare). Axes of gametophytes are terete with a smooth surface
devoid of hairs (glabrous) or hirsute only in the basal por-
tion, attached by discoid holdfasts. The medulla is composed
of branched longitudinal filaments. The cortex is of 3 or 4 cell
layers, with cortical filament cells that remain separate (i.e., not
fusing with adjacent cells). Cortical filaments are dichotomously
branched, with inner layers of large, nearly colorless cells, and
outer layers of progressively smaller pigmented cells.

Gametophytes may be dioecious or monoecious. Carpogo-
nial branches are 3-celled and are borne in the position of nor-
mal vegetative filaments; prior to fertilization the basal cell of the
carpogonial branch produces 4-5 branches that contribute to the
pericarp of the immersed cystocarp, whereas the hypogynous cell
cuts off 3—4 nutritive branches. The gonimoblast initials origi-
nate directly from the fertilized carpogonium and grow laterally
along the base of the pericarp, or in some species also contribute
to the walls of the pericarp as they intermingle with filaments of
the pericarp (Huisman, 2006). Carposporangia are borne ter-
minally on gonimoblast filaments that extend toward the center
of the cystocarpic cavity. Pericarp filaments can extend from the
cystocarp wall to produce paraphyses that may or may not inter-
mingle with the gonimoblast filaments. Cystocarps are immersed
within the outer medulla of axes and are ostiolate. Spermatangia
are formed in cavities within the axes.

Tetrasporophytes produce cruciately divided tetrasporangia
that are borne laterally or terminally on Acrochaetium-like fila-
ments (Magruder, 1984, as Galaxaura oblongata; Huisman and
Borowitzka, 1990).

Two species of Tricleocarpa occur in the northern Gulf of
California.

KEY TO THE SPECIES OF TRICLEOCARPA IN THE NORTHERN GULF OF CALIFORNIA

la. Axes 0.8-1.3 mm in diameter; cystocarp cavity with well-developed sterile paraphyses that intermingle with gonimoblast;

gonimoblast filaments line the pericarp and protrude into the cystocarpic cavity from all around the pericarp ........

....................................... T. cylindrica

1b. Axes 1.5-2.0 mm in diameter; cystocarp cavity with poorly developed sterile paraphyses that do not intermingling with

gonimoblast; gonimoblast filaments grow laterally along the base of the cystocarp cavity ................ T. fragilis

Tricleocarpa cylindrica (J. Ellis et Solander) Huisman et
Borowitzka

FIGURE 28

Corallina cylindrica ]. Ellis et Solander, 1786:114, pl. 22: fig. 4.

Tricleocarpa cylindrica (J. Ellis et Solander) Huisman et Borowitzka,
1990:164, figs. 40-45, 50-52; Dreckmann, 1991:33; Yoshida,
1998: 508, fig. 3-911-K; Mendoza-Gonzilez and Mateo-Cid,

1999:40, figs. 2-5; Abbott, 1999:73, fig. 10A; Huisman, 2006:25,
fig. 9A-E; Mateo-Cid et al., 2006:55; Y.-P. Lee, 2008:221, figs.
A-E; Bernecker and Wehrtmann, 2009:226; Ferndndez-Garcia et
al., 2011:65.

Galaxaura cylindrica (J. Ellis et Solander) J. V. Lamouroux, 1821:22, pl.
22: fig. 4; Itono, 1977b:14, figs. 17, 19, 37; Salcedo-Martinez et al.,
1988:83.



Galaxaura fastigiata Decaisne, 1842b:116; Tanaka, 1936:157, figs. 20, 21,
pl. 37: fig. 2; Dawson, 1944a:258; Svedelius, 1945:28, figs. 14-16,
pls. 4, 5, pl. 6: fig. 2; Dawson, 1953a:50, pl. 20: fig. 2; 1959a:20;
1961b:407; 1966a:15; Itono, 1977b:12, figs. 15, 34; Pedroche and
Gonzilez-Gonzalez, 1981:66; Stewart and Stewart, 1984:142; Norris,
1985d:212; Ledn-Tejera et al., 1993:200; Gonzéilez-Gonzélez et al.,
1996:202.

Galaxaura oblongata sensu Taylor, 1945:143; Chou, 1947:7 [both in part,
with reference to Pacific Mexico material; non Galaxaura oblongata
(Ellis et Solander) Lamouroux, 1816:262, which is Tricleocarpa fragilis
(Linnaeus) Huisman et R. A. Townsend, 1993:100].

Thalli forming clumps of erect, terete, subdichotomously
branched fronds; up to 6 cm tall, axes 0.8-1.3 mm in diameter;
pale pink to purple-gray, surface glabrous, sometimes with faint
annulations; attached below by a small discoid holdfast. Calci-
fication heavy, restricted to cortical layers; usually fractured at
nodes/branching points (thus not truly segmented), causing in-
ternodes to assume tubular appearance. Medulla composed of
longitudinal filaments (mostly 5-20 pm in diameter), giving rise
to dichotomously branched cortical filaments. Cortex 3—4 lay-
ers thick; inner layers of large rotund cells, slightly longer than
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wide (18-35 pm in diameter), fusions absent between adjacent
cells; outer layers of progressively smaller pigmented round cells;
outer cells in surface view 5-6 sided, 9-20 pm wide

Reproduction as for genus. Gametophytes usually dioe-
cious. Gonimoblast filaments lining the pericarp and projecting
into the cystocarpic cavity from all directions; sterile paraphyses
well developed and projecting into the cavity as well, intermin-
gling with gonimoblast filaments (Huisman, 2006).

HABITAT. On rocks, mid intertidal to shallow
subtidal.
DISTRIBUTION. Gulf of California: Puerto Penasco

to Cabeza Ballena; Nayarit to Jalisco; Isla Maria Madre (Islas
Marias; Islas Tres Marias). Eastern Pacific: Isla Guadalupe; Bahia
Sebastian Vizcaino, Baja California Sur; Guererro to Oaxaca; El
Salvador; Nicaragua; Costa Rica; Peru.

TyPE LoOcCALITY. West Indies (Ellis and Solander,
1786); type lost, lectotype illustration of Ellis and Solander (1786:
pl. 22: fig. 4) selected by Papenfuss et al. (1982:416, fig. 26).

REMARKS. Gulf of California specimens are tenta-
tively referred to Tricleocarpa cylindrica, and their identifica-
tion requires more investigation. In their phylogenetic study,

FIGURE 28. Gametophytes of Tricleocarpa cylindrica: A. One frond from a clump, surface smooth and heavily calcified (JN-5955, US
Alg. Coll.-159165). B. Cortical filaments separated out from the cortex, showing adjacent large inner cortical cells not fusing, and outer layer of

smaller pigmented cells (JN-3078, US Alg. Coll.-8699).
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Wiriyadamrikul et al. (2013: fig. 1) found those from the Carib-
bean Sea (Western Atlantic) and some from southeast Asia and
Hawaii (Western and Central Pacific) to be T. cylindrica. How-
ever a northern Gulf of California “T. cylindrica” from Guaymas,
Sonora (AY688015; Wang et al., 2005) was revealed to be differ-
ent from T. cylindrica and T. fragilis. Wiriyadamrikul et al. (2013)
suggested the Guaymas specimen might be “Galaxaura constipata
Kjellman,” a Western Atlantic species described from Veracruz
(Gulf of Mexico), and one of several members of Galaxaura sect.
Eugalaxaura Descaine (1842b) recognized by Kjellmann (1900).
Wiriyadamrikul et al. (2014: fig. 1), however, later referred to the
Guaymas specimen (AY688015) as “T. cylindrica.”

Tricleocarpa fragilis (Linnaeus) Huisman et R. A. Townsend

Eschara fragilis Linnaeus, 1758:805.

Tricleocarpa fragilis (Linnaeus) Huisman et R. A. Townsend, 1993:100,
fig. 1 [lectotype]; Yoshida, 1998:508; Abbott, 1999:74, fig. 10B-G;

L. Aguilar-Rosas et al., 2000:130; Huisman, 2006:28, figs. 8B, 9F-H;

Fernandez-Garcia et al., 2011:65.

Dichotomaria fragilis Lamarck, 1816:145.

Galaxaura fragilis (Linnaeus) Lamouroux ex Decaisne, 1842b:116.
Corallina oblongata ]. Ellis et Solander, 1786:114, pl. 22: fig. 1.

Galaxaura oblongata (J. Ellis et Solander) J. V. Lamouroux, 1816:262; Tseng,

1941:93; Chou, 1947:7, pl. 2: figs. 1-16, pl. 3: figs. 1-14, pl. 10: figs.

1, 2; Ttono, 1977b:13, figs. 18, 36; Papenfuss et al., 1982:416; Zhou

and Chen, 1983:80, pl. 1: fig.1; Tseng, 1983:60, pl. 33: fig. 1; Mateo-

Cid and Mendoza-Gonzilez, 1992:19; Mateo-Cid et al., 1993:47;

Mendoza-Gonzilez et al., 1994:105; Mateo-Cid et al., 2000:63.
Tricleocarpa oblongata (J. Ellis et Solander) Huisman et Borowitzka,

1990:168, figs. 46-49, 53-56; Dreckmann, 1991:33; Bula-Meyer,

1995:33; Cruz-Ayala et al., 2001:191.

Gametophytes forming clumps, up to 6 cm tall; branches
terete, 1.5-2.0 mm in diameter; calcified, pale pink to gray, sub-
dichotomously branched; attached by discoid holdfast. Axes
segmented, segments mostly 6-10 mm long, slightly rounded on
upper and lower ends; surface glabrous (without hairs). Medulla
of slender filaments, mostly 6-8 pm in diameter, giving rise to
cortical filaments. Cortex of 3-4 layers of cells; inner cortical
cells large, colorless, 20-30 pm in diameter; outer surface cells,
pigmented, more or less globose, 815 pm in diameter.

Tetrasporophytes not known in the Gulf of California.
Gametophytes dioecious or monoecious. Basal cell of the car-
pogonial branch with 4-5 branches; hypogynous cell with 3-4
nutritive branches. Cystocarps globose to subglobose, 400-500
pm in diameter; cystocarp cavity with gonimoblast filaments
lining base of pericarp; and paraphyses poorly developed, 3- to
4-celled, on inner side of pericarp (after Huisman, 2006). Car-
posporangia 45-65 pm long and 25-40 pm in diameter. Sper-
matangia borne in spherical cavities.

HABITAT. On rocks, tidal platforms, and in tide
pools; mid to low intertidal.

DISTRIBUTION. Gulf of California: El Faro de San
Felipe to Bahia Concepcion; Punta Arena to Bahia de La Paz;
Mazatlan, Sinaloa.

Tyre LocaLiTy. “Oceano Americano” (Linnaeus,
1758); Jamaica (see Huisman and Townsend, 1993).

REMARKS. Presence of Tricleocarpa fragilis in the
Eastern Pacific of North America, including the Gulf of Califor-
nia, requires confirmation (Wynne, 2011;Wiriyadamrikul et al.,
2013). Culture studies by Magruder (1984, as “ Galaxaura oblon-
gata”) showed the tetrasporophyte in the life history of Hawai-
ian T. fragilis was heteromorphic, a minute “Acrochaetium-like”
thallus that produced cruciately divided tetrasporangia, borne
laterally and terminally on the uniseriate filaments.

LIAGORACEAE

Liagoraceae Kitzing, 1843:321

Gametophytes of this family are usually erect, with axes
that are terete or slightly compressed, and sparingly to abun-
dantly branched. Thalli are dichotomously, pinnately to irregu-
larly branched; or with a percurrent axes and lateral branches.
The thalli can be tough and chalky to gelatinous or mucilaginous
in texture, and most are calcified to some degree, with calcium
carbonate in the mineral form aragonite or uncalcified. All are
multiaxial in structure. The medulla is a core of longitudinally
aligned colorless filaments of similar or assorted diameters, from
which the anticlinal assimilatory filaments radiate outward to
form a loosely arranged cortex, not forming a continuous sur-
face layer. Assimilatory filaments are dichotomously to polychot-
omously branched and are composed of pigmented cells that can
vary in shape and size throughout the length of the filament.

Life history, where known, is a alternation of heteromorphic
generations. The tetrasporophytes are microscopic filaments that
bear cruciately divided tetrasporangia (known only from culture
studies). Asexual reproduction is by monosporangia in some
genera but is unknown in most genera. Gametophytes are typi-
cally dioecious, but some are monoecious, or occasionally, both
types occur in a species. The carpogonial branch is three to many
celled, straight or curved, and usually borne on an assimilatory
filament. Carpogonial branches may be compound. The hypogy-
nous cell is typically naked (i.e., nutritive or sterile branches or
cells are absent). Gonimoblast filaments develop from the fer-
tilized carpogonium (zygote) and are branched and compact in
some or somewhat diffuse to loose in others, intermingling with
assimilatory filaments. Terminal cells of the gonimoblast fila-
ments produce carposporangia, or nearly all cells become carpo-
sporangia. Carposporophytes develop within the cortex among
the assimilatory filaments, either with associated sterile filaments
in various arrangements or without sterile filaments. Carpospo-
rangia are undivided or quadripartite (“carpotetrasporangia”).
Spermatangia are borne in clusters at or near the tips of the as-
similatory filaments or in whorls on midcortical cells.

REMARKS. One genus, Dermonema Harvey ex Hey-
drich (1894), is reported in the southern Gulf, with D. virens
(J. Agardh) Pedroche et Avila-Ortiz (1996; basionym: Nemalion
virens J. Agardh, 1847) from Isla San Ildefonso, Bahia de La Paz
to Cabeza Ballena, and Mazatlan (Dawson, 1953b, as N. virens;



Huerta-Muzquiz and Mendoza-Gonzélez, 1985, as D. frappieri
(Montagne et Millardet) Borgesen; Pedroche and Avila-Ortiz,
1996). Originally described from Oaxaca, D. virens is also re-
corded elsewhere in Pacific Mexico from Islas Revillagigedo
(Serviere-Zaragoza et al., 2007) and Jalisco to Oaxaca. A second
species, the Japanese D. pulvinatum (Grunow et Holmes) K.-C.
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Fan (1962; basionym: Nemalion pulvinatum Grunow et Holmes
in Holmes, 1896) was reported from Bahia Agua Verde (Daw-
son, 1953b, as N. pulvinatum) and later listed without comment
from Bahia de Loreto (CONANP, 2002, as N. pulvinatum).

Three genera of the Liagoraceae are known in the northern
Gulf of California.

la.

1b.

2a.

2b.

KEY TO THE GENERA OF LIAGORACEAE IN THE NORTHERN GULF OF CALIFORNIA

Gulf thalli moderately to heavily calcified throughout, coarse grained (mealy, ropy) in texture; medullary filaments rela-
tively few, of large cells, 25-150 (most >40) pm in diameter; spermatangia forming dense, cap-like heads at ends of
assimilatory fllaments ... ... e e e Ganonema
Thalli lightly to moderately calcified, not mealy in texture; medullary filaments of cells, 5.0-50 pm in diameter, with thin-
ner cells more numerous; spermatangia not as cap-like . ... ... . i i e 2
Assimilatory filaments dichotomously branched; cystocarp borne on distinct elongated stalk cell (fusion cell including
cells of carpogonial branch and many cells of the bearing cortical filament); 2 discrete clusters of filaments associated with
cystocarp, a distal cluster of gonimoblasts, and below a subtending cluster of sterile filaments .............. Izziella
Assimilatory filaments di-, tri- or polychotomously branched; cystocarp not borne on an elongated stalk (fusion cell may
be present but does not include numerous cells of the bearing cortical filament); cystocarp a single cluster that includes

both gonimoblast and involucral filaments, without a separate cluster beneathit ....................... Liagora

Ganonema K.-C. Fan et Y.-C. Wang

Ganonema K.-C. Fan et Y.-C. Wang, 1974:492; Huisman and Kraft, 1994:76

[emended description].

Algae are erect, calcified or uncalcified, with a texture rang-
ing from solid and chalky to soft and mucilaginous, and attach
to the substratum by a discoid holdfast. Axes are terete, and di-
chotomously to irregularly branched or with percurrent axes and
frequent short lateral branches. Construction is multiaxial, with a
central core of longitudinally aligned medullary filaments that bear
lateral radiating assimilatory filaments to form cortical fascicles
on distinctive isodiametric basal cells. Mature medullary filaments
are relatively wide, usually >40 pm in diameter. Assimilatory fila-
ments of cylindrical, barrel-shaped or ovoid cells are sparingly or
much branched, generally dichotomous, but are often unbranched
for a number of cells near thallus surface. Adventitious rhizoid-
like filaments, commonly issued by lower cells of the assimilatory
filaments and basal cells, descend to join the medulla and then
produce additional cortical laterals; these are generally simple or
less robust than original cortical fascicles. Outer cortical cells are
occasionally with terminal hairs or glandular cells.

Life histories are heteromorphic but not known in all spe-
cies. Tetrasporangia (where known) are developed on a fila-
mentous tetrasporophyte. Gametophytes are monoecious or
dioecious. Carpogonial branches are 3- to 6-celled, straight to
slightly curved, and borne in positions of vegetative cortical
laterals and on subsidiary cortical and rhizoid-like filaments.
Gonimoblast develops directly from the fertilized carpogonium,
initially by a transverse division, eventually forming a compact
cluster of gonimoblast filaments with terminal carposporangia.
Cell fusions are typically lacking. Carposporangia either undi-
vided or quadripartite. Postfertilization filaments arise from
cells in the vicinity of the carpogonial branch, including those of

nearby branches and those above and below the supporting cell
(rarely the supporting cell itself) subtending or forming a partial
involucre around the gonimoblast. Spermatangia are in dense,
dendroid clusters, arising on short specialized branches issued
from apical and subapical cells of the assimilatory filaments.
Ganonema is represented by one species that is apparently
restricted to the warmer waters of the Gulf of California.

Ganonema farinosum (J. V. Lamouroux) K.-C. Fan et Y.-C. Wang
FIGURE 29
Liagora farinosa J. V. Lamouroux, 1816:240; Yamada, 1938a:23, figs.

15, 16, pls. 8-10; Dawson, 1953a:42, pl. 2: figs. 9-12, pl. 14: fig. 1;

1954b:415, figs. 25d, 26; 1959a:5, 20; 1961b:406; Stewart and Stew-

art, 1984:142; Huerta-Miizquiz and Mendoza-Gonzalez, 1985:48;

Mendoza-Gonzalez and Mateo-Cid, 1985:30; Sdnchez-Rodriguez et

al., 1989:41; Abbott, 1990a:122, fig. 23 [type specimen]; Dreckmann,

1991:31; Gonzalez-Gonzélez et al., 1996:322; Silva et al., 1996b:232 [as

“L. farinosa f. pinnatiramosa Yamada™]; Cruz-Ayala et al., 2001:191.
Ganonema farinosum (J. V. Lamouroux) K.-C. Fan et Y.-C. Wang, 1974:492,

pl. 94: figs. 1-3, 6, 7, pl. 95: figs. 1-6; Tseng, 1983:53, pl. 29: fig. 2;

Huisman and Kraft, 1994:83; Yoshida, 1998:511; Abbott, 1999:77,

fig. 11A-G; Huisman, 2000:30; Abbott et al., 2002:310, fig. 21; Huis-

man, 2002:821, figs. 118-123; Huisman et al., 2004a:299, figs. 1-12;

Huisman, 2006:38, figs. 13E-H, pl. 10.

Thalli erect to 18(=25) cm tall, of terete axes and branches,
mostly 1.0-1.6(-2.5) mm in diameter, moderately to heav-
ily calcified, whitish purple to whitish reddish brown in color,
coarse grained, mealy in texture; branching variable, generally
dichotomous but may be pinnately to irregularly branched and
frequently with lateral proliferations; attached by a small discoid
holdfast. Multiaxial in construction; medullary filaments longi-
tudinally aligned, broad (up to 150 pm in diameter). Anticlinal
assimilatory (cortical) filaments extend to 450 pm long, outer
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FIGURE 29. Ganonema farinosum: A, B. Habit of gametophytes (A, EYD-18914, US Alg. Coll.-8101; B, JN-7173, US Alg. Coll.-160431).

filament cells cylindrical, 19-22 pm in diameter, cell walls not
indented at joints. Cortical fascicles with isodiametric basal cells.
Adventitious rhizoidal-like filaments, issued by lower and basal
cells of cortical fascicles, join and form part of the medulla and
produce additional assimilatory filaments.

Tetrasporophyte unknown in the Gulf of California. Game-
tophytes usually dioecious. Carpogonial branches 4- to 5-celled;
straight to slightly curved, borne laterally on proximal portions
of assimilatory filaments. After fertilization, the zygote divides
transversely, and gonimoblasts develop from the distal cell of the
initial division. No fusion of carpogonial branch cells occurs.
Gonimoblast compact with branched radiating filaments, carpo-
sporangia terminal on gonimoblast filaments. Some involucral
filaments loosely surround the gonimoblasts; carposporangia
elongate, in a compact cluster on short, branched gonimoblast
filaments. Spermatangia forming dense capitate heads near tips
of assimilatory filaments.

HABITAT. On rocks; shallow subtidal, down to 14 m
depths.
DISTRIBUTION. Gulf of California: Isla San Diego to

Punta San Evaristo; Bahia de La Paz to Punta Los Frailes, Baja
California Sur. Eastern Pacific: Isla Guadalupe (off Baja Califor-
nia); Bahia San Sebastian Vizcaino (northern Baja California) to

Bahia Magdalena (Baja California Sur); Rocas Alijos. Central
Pacific: Hawaiian Islands. Western Pacific: China; Taiwan; Viet-
nam; Japan.
Tyre LocALITY.
REMARKS. Thus far, Ganonema farinosum has been
collected in the southern Gulf of California but is likely to be
found in the northern Gulf as well. The mealy, coarse-grained

near Suez, Egypt, Red Sea.

(farinose) texture, cylindrical outer cells of its assimilatory fila-
ments, and compound cap-like spermatangial branches are diag-
nostic features of this species.

Izziella Doty

Izziella Doty, 1978:34; Huisman and Schils, 2002:244, tbl. 1.

Thalli are mucilaginous, lightly to moderately calcified, and
variable in color (typically a whitish green-gray tinged pink).
Percurrent primary axes bear indeterminate lateral branches,
and both the axes and lateral branches in turn bear further or-
ders of short lateral branches or become irregularly branched.
Thalli are multiaxial, with center medulla of colorless, longi-
tudinally aligned filaments (15-50 pm in diameter), bearing
anticlinal, pigmented, assimilatory filaments. Assimilatory fila-
ments are sparsely, dichotomously branched. Basal cells of the



assimilatory filaments issue rhizoidal filaments that add to the
core of medullary filaments; these also adventitiously produce
additional assimilatory filaments, although those produced are
simple or less robust. Cells of assimilatory filaments have a cen-
tral pyrenoid.

Carpogonial branches are 3-4(-5)-celled, curved, and borne
laterally off an assimilatory filament cell. A mature cystocarp
has two clusters of filaments: the distal cluster of gonimoblast
filaments with the carposporangia, forming a compact whorl
around a short longitudinal core of cells that arise from the di-
vided zygote, and, below that, a separate, subtending cluster of
sterile filaments arising from cells to both sides of the carpogo-
nial branch’s supporting cell. An extensive fusion cell is formed
that includes cells of the carpogonial branch and many cells of
the assimilatory filament bearing the carpogonial branch. The
fusion cell is part of the long stalk that bears the gonimoblast.
Spermatangia are borne on spermatangial parent cells on termi-
nal and subterminal cells of the assimilatory filaments.

REMARKS. The reproductive characteristics differ-
entiating Izziella are its cystocarp borne on an elongated stalk,
which is composed of a fusion cell incorporating carpogonial
branch cells and many cells of the bearing assimilatory filament,
and the cystocarp having two distinct clusters of filaments, an
upper fertile cluster of gonimoblast filaments and carposporan-
gia and a second cluster of sterile filaments below.

Izziella is represented in the northern Gulf of California by
one of its four species.

Izziella orientalis (J. Agardh) Huisman et Schils
Liagora orientalis . Agardh, 1896:99; Yamada, 1938a:4 [in part], fig. 1A-C

[only], pl. 1; 1944:18; Dawson, 1953a:40, pl. 17: fig. 1; 1954b:4135, fig.

27b; 1961b:406; Abbott, 1990b:314, figs. 7 (lectotype), 8-11; Rocha-

Ramirez and Siqueiros-Beltrones, 1991:32; Gonzilez-Gonzdlez et al.,

1996:237; Riosmena-Rodriguez and Paul-Chévez, 1997:70; Abbott,

1999:87, figs. 14F—].

Izziella orientalis (J. Agardh) Huisman et Schils, 2002:247, figs. 1-9, 17, 18;

Mateo-Cid and Mendoza-Gonzélez, 2004:78, figs. 1-19.

Izziella abbottiae Doty, 1978:34 [as “abbottae™], fig. 10.
Liagora tanakae 1. A. Abbott, 1976:33 [as “L. tanakai”], figs. 1-5.

Algae of 1 to a few terete branched axes, soft and lubricous,
lightly to moderately calcified, whitish in color, up to 15 cm tall;
attached by a small discoid holdfast. Axes 3-5 mm in diameter,
branching more or less pinnate to irregularly pinnate, multifari-
ously arranged; branches mostly 2-3 mm in diameter, branched;
upper branches about 1.0 mm in diameter. Medullary filaments
of elongated cells, 10-35(-45) pm in diameter. Rhizoidal-like
filaments, produced by basal portions of assimilatory filaments,
become part of the medulla. Assimilatory filaments moniliform,
dichotomously branched up to 5 orders, 250-350 pm long; basal
cells narrow, cylindrical, elongated, 21-35(-60) pm long, 6-11
pm in diameter; outer cells clavate to ovate, 25-30 pm long,
20-25 pm in diameter; terminal cells to 15 pm in diameter, often
with terminal hyaline hairs. Cells of assimilatory filaments with
lobed plastids containing a large central pyrenoid.
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Asexual reproduction is not known. Gametophytes dioe-
cious. Carpogonial branch 3- to S-celled, somewhat curved,
and borne laterally off a proximal cell of assimilatory filament.
After fertilization, zygote divides transversely and the distal cell
undergoes further divisions that develop gonimoblast filaments,
while the proximal cell of the initial division remains undivided.
Gonimoblast compact, subglobose cluster, 110-150 pm in di-
ameter, gonimoblast filaments bearing terminal carposporangia.
Gonimoblast without a surrounding involucre; on cells distal
and proximal to the the supporting cell below, a smaller clus-
ter of short, sterile filaments develops. An extensive fusion cell
is formed from cells of the carpogonial branch and many cells
of the bearing assimilatory filament. The fusion cell lengthens,
becomes hyaline, and appears as an elongated stalk bearing the
gonimoblast. Spermatangia in small clusters of 2-4; developed
from spermatangial parent cells on apical and subapical cells of
assimilatory filaments; spermatia, 2-3 pm in diameter.

HABITAT. On rocks and in tide pools; mid to low
intertidal.

Tyre LocALITy. “Ceylon” (Sri Lanka) (J. Agardh,
1896).

DISTRIBUTION. Gulf of California: Ensenada Lalo,

Sonora; Bahia de La Paz; Nayarit to Jalisco. Eastern Pacific:
Punta Malarrimo (Bahia Sebastian Vizcaino) to Punta Conejo,
Baja California Sur; Michoacdn to Guerrero; Ecuador. Cen-
tral Pacific: Hawaiian Islands. Western Pacific: Taiwan; China;
Japan; Vietnam.

REMARKS. Thalli of Izziella orientalis from mainland
Pacific Mexico have been reported up to 51 c¢m tall (Mateo-Cid
and Mendoza-Gonzdlez, 2004), much larger than those found in
the Gulf of California.

Liagora J. V. Lamouroux

Liagora ]. V. Lamouroux, 1812:185.

Gametangial algae are erect above a discoid holdfast, and
lightly to heavily calcified, with a texture from firm to soft
and mucilaginous. Axes and branches are terete to somewhat
compressed and regularly dichotomous, pinnate, or irregularly
branched. Thalli are multiaxial in construction, with a medulla
composed of colorless, longitudinally aligned filaments that bear
pigmented, anticlinal assimilatory filaments that form a loose
cortex. Assimilatory filaments are dichotomously to trichoto-
mously branched. Narrow rhizoid-like filaments often develop
from the lower cells of the assimilatory filaments and function as
medullary filaments and may issue additional assimilatory fila-
ments. Photosynthetic cells of the assimilatory filaments (corti-
cal fascicles) contain a single large parietal plastid and usually 1
pyrenoid. Outer cortical cells sometimes may bear terminal hairs
or glandular cells.

The tetrasporic phase in the life history is heteromorphic,
where known, consisting of uniseriate filaments that develop
tetrasporangia. Monosporangia are reported in some species,
borne on the tips of assimilatory filaments. Gametophytes of
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most species are dioecious, but some species are monoecious,
and other species may be both monoecious and dioecious. Car-
pogonial branches are generally 3- to 6-celled, with only one
species issuing (post-fertilization) short sterile filaments from the
basal cell (i.e., L. tsengii Husiman et M. ]J. Wynne, 1999). Car-
pogonial branches are borne laterally on lower to middle cortical
cells. Fusing cells, although lacking or unknown in many species,
are reported in some, with fusion cells formed from the cells of
the carpogonial branch and rarely include the supporting or ad-
jacent cells. Gonimoblasts develop directly from the distal cell of
the initial transverse division of the fertilized carpogonium and
form a diffuse or compact cluster of gonimoblast filaments that
terminate in a single carposporangium or a short chain of car-
posporangia. Involucral filaments develop from the cells in the
vicinity of the carpogonial branch, and either remain separate
or become entwined with the gonimoblast filaments. Carpospo-
rangia in most species produce a simple, undivided carpospore,

but some divide and produce carpotetraspores (4 carpospores).
Spermatangia develop either singularly or in clusters on the sper-
matangial parent cells on the outer cortical cells.

REMARKS. Two species have been reported in the
southern Gulf from Bahia de La Paz: Liagora abbottiae E. Y.
Dawson (1953b:41, pl. 2: figs. 6-8, pl. 15: fig. 2) by Huerta-
Muzquiz and Mendoza-Gonzélez (1985), a Pacific Baja Cali-
fornia species described from Punta Santa Rosaliita (note that
the locality was incorrectly given as “Punta Santa Rosalia” by
Dawson, 1953b), and L. californica Zeh (1912) by Riosmena-
Rodriguez et al. (1998) and Cruz-Ayala et al. (2001), a species
described from Santa Catalina Island (California Channel Is-
lands) and known from southern California to Baja California
Sur (Dawson, 1953a; Abbott and Hollenberg, 1976; Castafieda-
Ferndndez de Lara et al., 2010).

Two species of Liagora are found in the northern Gulf of
California.

KEY TO THE SPECIES OF LIAGORA IN THE NORTHERN GULF OF CALIFORNIA

la. Thalliirregularly dichotomously branched, branches with short lateral branchlets; dioecious; gonimoblast surrounded by

prominent, long, slender involucral filaments ........

.................................. L. magniinvolucra

1b. Thalli regularly dichotomously branched, branches sometimes with proliferous short lateral branchlets; monoecious;

gonimoblast surrounded by involucral filaments but not long and prominent ...................... L. ceranoides

Liagora ceranoides ]. V. Lamouroux
FIGURE 30
Liagora ceranoides . V. Lamouroux, 1816:239; Yamada, 1938a:20, pl. 6;

Abbott, 1945:156, figs. 8, 9; Taylor, 1945:135; Dawson, 1957¢:13

[tentatively]; 1961b:406; Abbott, 1990a:118; Dreckmann, 1991:31;

Gonzélez-Gonzdlez et al., 1996:322; Abbott, 1999:84, fig. 131-M;

Cruz-Ayala et al., 2001:191; Mateo-Cid et al., 2006:55; Bernecker,

2009:CD-Rom p. 61; Fernandez-Garcia et al., 2011:62.

Thalli of 1 to a few cylindrical axes, calcification moderate
(more or less even throughout), whitish to pale rose in color,
firm with a gelatinous texture, to 4 cm tall, attached by a small
discoid holdfast. Axes repeatedly, subdichotomously branched
from near base; main axes to 1 mm diameter; with or without
proliferous short lateral branchlets. Assimilatory filaments mo-
niliform, branching at wide angles, dichotomously to trichoto-
mously branched; outer cells to about 10 pm diameter.

Asexual reproduction unknown. Gametophytes monoecious.
Carpogonial branch curved, of 3-5 cells. Gonimoblast a cluster
of branched filaments bearing carposporangia terminally and sur-
rounded by a filamentous involucre. Involucral filaments mostly
unbranched and slender. Spermatangia in small clusters on outer
cortical cells; borne terminally on spermatangial parent cells.

HABITAT. On sides of rocks and crevices and in tide
pools; low intertidal and also collected in drift.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Bahia de La Paz. Eastern Pacific: Costa Rica. Central Pacific: Ha-
waiian Islands. Western Pacific: Japan; China; Taiwan; Vietnam.

Tyre LocALrTY. St. Thomas, U.S. Virgin Islands,
Caribbean Sea.

REMARKS. Previously unknown in the northern
Gulf, drift collections from Playa Las Conchas (Playa Estacion),
Puerto Pefiasco (JN-3195, US Alg. Coll.), establish Liagora cera-
noides in the northern Gulf of California. The branches of the
Gulf specimens have short lateral branchlets and seem closest

1cem

FIGURE 30. Liagora ceranoides: Habit of a gametophyte (JN-3195,
US Alg. Coll.-160430).




to L. ceranoides f. pulverulenta (C. Agardh) Yamada (1938a;
=Liagora ceranoides var. pulverulenta (C. Agardh) Bergesen,
1942; basionym: Liagora pulverulenta C. Agardh, 1822. An-
other form, L. ceranoides f. leprosa (J. Agardh) Yamada (1938a;
basionym: Liagora leprosa ]. Agardh, 1847) has been recorded
from Pacific Baja California from Punta Malarrimo, Bahia San
Sebastidn Vizcaino and Isla Guadalupe (Dawson, 1953a; Stewart
and Stewart, 1984). Liagora ceranoides is reportedly widespread
in tropical to subtropical seas (Abbott, 1990a, 1999), including
Australia (Huisman, 2006).

Liagora magniinvolucra E. Y. Dawson

FIGURE 31

Liagora magniinvolucra E. Y. Dawson, 1953a:39, pl. 3: figs. 1-11, pl. 16: fig.
2; 1959a:20; 1961b:406; 1966a:14; 1966b:59; Huerta-Mizquiz and
Mendoza-Gonzalez, 1985:48; Gonzilez-Gonzalez et al., 1996:237;
CONANTP, 2002:141; Mateo-Cid et al., 2006:50.
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Thalli of 1 to a few cylindrical axes, chalky whitish in
color, up to 15 cm tall, arising from a small discoid holdfast.
Axes dichotomously branched, with irregularly alternate, short
branchlets, to 3 mm long. Thalli soft, the calcification mainly on
surface. Assimilatory filaments, more or less moniliform; inner
portions with long fusiform cells; outer portions with ovate to
subclavate cells, 7-12 pm diameter.

Asexual reproduction unknown. Gametophytes dioecious.
Cystocarp a hemispherical cluster of branched filaments, with
carposporangia borne terminally, and surrounded by an involu-
cre of long, slender ascending filaments. Spermatangia in clusters
at ends of assimilatory filaments.

HABITAT. On sides of rocks; mid to low intertidal.

DISTRIBUTION. Gulf of California: Playa Arenosa,
Puerto Pefasco; Isla de San Diego to Cabo Pulmo.

TyPE LoOcCALITY. Cabeza Ballena, Baja California
Sur, Gulf of California, Mexico.

FIGURE 31. Liagora magniinvolucra: A. Habit of gametophyte (R.D. Staker, s.n., US Alg. Coll.-204280). B, C. Slender longitudinal
medullary filaments bearing subdichotomously branched anticlinal assimilatory filaments that form the cortex (JN-4046, US Alg. Coll.

microscope slide 4283).
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SCINAIACEAE

Scinaiaceae Huisman, J. T. Harper et G. W. Saunders, 2004b:228.

Family members are uncalcified, with markedly heteromor-
phic life history phases (where known). Sporophytes can be min-
ute, uniseriate branched filaments, as discovered in the life cycles
of Scinaia and Gloiophloea ]. Agardh (1872), or crustose thalli,
as found in Nothogenia Montagne (1843); both kinds of sporo-
phytes produce tetrasporangia. Gametophytes are erect, macro-
thalli with axes ranging from terete to compressed or somewhat
flattened, that are usually dichotomously or subdichotomously
branched, rarely trichotomously or irregularly branched. Game-
tophytic thalli are multiaxial in structure, with longitudinally
aligned medullary filaments that issue anticlinal, subdichoto-
mously branched filaments that ultimately form the cortex. The
cortex remains filamentous (composed of free filaments) or can
become pseudoparenchymatous when ultimate cortical cells (at
times colorless utricles) cohere laterally, forming a continuous
surface layer as in species of Scinaia.

Gametophytes develop three-celled carpogonial branches on
inner cortical filaments composed of a basal cell, a hypogynous
cell, and a carpogonium. The hypogynous cell bears nutritive
branches, and branched gonimoblast filaments develop directly
from the fertilized carpogonium (and/or hypogynous cell in some
species). Cystocarps are immersed in the outer medulla and are
composed of branched gonimoblast filaments with terminal
carposporangia, surrounded by a distinct pericarp of sterile fil-
aments arising from the basal cell of the carpogonial branch.
Carpospores are released through an ostiole at the thallus sur-
face. Spermatangia are borne terminally on pigmented cortical
filaments, scattered or in sori (i.e., Scinaia and Gloiophloea), or
within small surface cavities in species of Nothogenia.

One genus of the family, Scinaia, is known from the north-
ern Gulf of California.

Scinaia Bivona-Bernardi

Scinaia Bivona-Bernardi, 1822:232.
Ginannia Montagne, 1841:162, 200; Montagne, 1842a:257 [non Ginannia

Scopoli, 1777: 300].

Pseudoscinaia Setchell, 1914:119.
Pseudogloiophloea Levring, 1956:420.

Scinaia has a alternation of heteromorphic generations, a
multiaxial gametophyte, and a sporophyte that is a tuft of uni-
seriate “Acrochaetium-like” filaments. The sporophytic phase is
known only from culture studies on several species, one of them
Scinaia confusa (Ramus, 1969, as Pseudogloiophloea confusa;
specimens cultured were from California). Thalli of gameto-
phytes are erect, dichotomously to subdichotomously branched,
rarely trichotomous or irregular, and attached to substratum by a
small discoid holdfast. Gametophytes are multiaxial in structure
and may be cartilaginous or soft but more or less turgid. Axes
and branches may be terete to markedly compressed. Some spe-
cies have regular or irregular constrictions at the nodes, whereas

others are unconstricted. Internally, the medulla is loosely fila-
mentous, with a central axis of longitudinally arranged fila-
ments, which radiate dichotomously branched slender filaments
that give rise to a cortex of several layers. The cortical filaments
are slender, dichotomously branched, and composed of pig-
mented cells (hypodermal cells) many of which terminally bear
larger, nearly colorless cells (utricles), a characteristic feature of
this genus. The outermost cortical layer either is almost entirely
composed of closely packed, laterally coherent inflated utricles
that become pseudoparenchymatous (forming a continuous
surface layer) or is a less consolidated mixture of inflated utri-
cles or smaller utricles, with small pigmented cells interspersed
around them, forming a rosette pattern in surface view. Slender
rhizoidal-like filaments are periclinally aligned among and below
the hypodermal cells.

Culture studies revealed monosporangia can be formed
by both gametophytic and filamentous sporophytic phases for
asexual reproduction (Ramus, 1969; Yoshizaki, 1993). Tetra-
sporophytes are branched uniseriate filaments, with irregularly
zonate, cruciately, or decussately divided tetrasporangia terminal
on branched filaments or sometimes displaced laterally by sym-
podial branching. Sometimes new sporangia proliferate within
old sporangia. A crust presumed to be a sporophytic phase of
Scinaia has also been reported (Le Gall and Saunders, 2010, as
S. interrupta).

Gametophytes are monoecious or dioecious. Carpogonial
branches are three-celled, developing in the inner cortex. Prior
to fertilization, the hypogynous cell produces two to four ster-
ile branches (nutritive cells), and the basal cell initiates pericarp
filaments. After presumed fertilization, gonimoblast filaments
develop from the carpogonium (or from the hypogynous cell in
some species; see Leon-Cisneros et al., 2009), and fusion cells are
formed from the carpogonium, hypogynous cell, with or without
the carpogonial branch basal cell, and basal cells of the gonimo-
blasts, and sterile branches on the hypogynous cell may also be
incorporated. Cystocarps are immersed and have a dense, filamen-
tous pericarp with a small pore at the thallus surface. Carpospo-
rangia are single and in opposite pairs or in chains on gonimoblast
filaments. Spermatangial parent cells are elongate, on pigmented
filaments interspersed among the utricles (in most species) or on
the cortex. Clusters of terminal spermatangia form continuous or
scattered superficial sori. The spermatangial sori of S. johnstoniae
cover the branch apices, giving them a cap-like appearance, and
the utricles are absent from the cortex beneath the spermatangia.

REMARKS. Regarding the generic relationship of Sci-
naia to Pseudoscinaia Setchell (1914), Huisman (1985) noted
that Ramus’ (1969, as Pseudogloiophloea confusa) illustration
of a cystocarp showed a loosely arranged gonimoblast similar to
that of Pseudoscinaia snyderae (generitype) and concluded that
their cystocarps were basically identical to those of the generitype
of Scinaia (i.e., S. forcellata Bivona-Bernardi, 1822; =S. furcel-
lata (Turner) J. Agardh, 1851; basionym: Ulva furcellata Turner,
1801); therefore considering them to be congeneric. Although
not known in Gulf of California, “Pseudoscinaia snyderiae” has



been reported in Pacific Baja California from Bocana de Santo
Tomas (R. Aguilar-Rosas and Aguilar-Rosas, 1986).

Four species of Scinaia are known in the Gulf of Califor-
nia, including Scinaia interrupta (A. P. de Candolle) M. J. Wynne
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(1989), which was recently reported in the southern Gulf (Le6n-
Cisneros et al., 2009). Three of these occur in the northern
Gulf. Most often they are found in the cooler months of winter
through spring.

KEY TO THE SPECIES OF SCINAIA IN THE NORTHERN GULF OF CALIFORNIA

la. Branches somewhat flattened, wide (5-10 mm in diameter); thalli branched in 1 plane; cystocarps primarily along mar-
gins (some may be scattered over thallus) . ..... ... . i e S. latifrons
1b. Branches terete (or sometimes slightly compressed), slender (mostly 2—-5 mm in diameter); thalli branched in two planes;
cystocarps scattered over thallus (not predominantly on margins) . ........outit it 2
2a. Outer cortical layer in cross section of nearly colorless, obovoid utricles interspersed with numerous filaments of 2-3
smaller pigmented cells; in surface view forming a rosette pattern; spermatangial branches scattered over branches, over-
topping colorless ULrIiCIEs . ... vttt e e S. confusa
2b. Outer cortical layer in cross section of nearly uninterrupted, colorless, square to oblong utricles (not interspersed with nu-

merous filaments of pigmented cells); utricles polygonal in surface view, with an isolated pigmented cell occasionally among

them; spermatangial branches forming cap-like sori over apices, without utricles beneath them .......... S. jobnstoniae

Scinaia confusa (Setchell) Huisman

FIGURE 32

Gloiophloea confusa Setchell, 1914:118, pl. 14: figs. 44-47; Kylin, 1941:6;
Smith, 1944:190, pl. 42: fig. 1; Dawson, 1945d:37; Taylor, 1945:145;
Dawson, 1953a:48, pl. 4: fig. 2; 1960a:36; Dawson et al., 1960a:64,
pl. 16: fig. 5, pl. 17: fig. 4; Dawson, 1961b:406; 1962b:199, 229, figs.
79, 80.

Scinaia confusa (Setchell) Huisman, 1985:417, tbl. 1; Scagel et al., 1989:258;
Stewart, 1991:67; Ramirez and Santelices, 1991:184; Anaya-Reyna and
Riosmena-Rodriguez, 1996:864, tbl. 1; Pacheco-Ruiz and Zertuche-
Gonzélez, 2002:467; Y.-P. Lee and Ko, 2006:278, fig. 6; Y.-P. Lee,
2008:222, figs. A—C; Le6n-Cisneros et al., 2009:195, figs. 2-14, tbls.
1-3; Bernecker, 2009:CD-Rom p. 61; Ferndndez-Garcia et al., 2011:64.

Pseudogloiophloea confusa (Setchell) Levring in Svedelius, 1956:13, fig. 8;
Ramus, 1969:1-25, figs. 1-10, pls. 1-12; Norris and Abbott, 1972:90;
Norris, 1973:9; Acleto O., 1973:20, figs. 43, 50; Abbott and Hol-
lenberg, 1976:335, fig. 277; Gonzélez-Gonzélez et al., 1996:261;
CONANP, 2002:141.

Pseudogloiophloea confusa (Setchell) Hollenberg et I. A. Abbott, 1965:1178;
Dawson, 1965:23; 1966a:14; Mateo-Cid et al., 2006:50.

Scinaia furcellata var. undulata sensu Farlow, 1875:367 [non Scinaia furcel-
lata var. undulata (Montagne) J. Agardh, 1851:422, which is now Sci-
naia undulata (Montagne) Huisman, 1985:417].

Algae forming clumps, up to 15 cm tall, of several (rarely
single) erect, semi-turgid, terete axes repeatedly dichotomously
to subdichotomously branched, (4-)6-15 orders in 2 planes;
branch dichotomies mostly at 2-7 mm intervals; rose red to
dark red; attached by a small discoid holdfast. Branches slender,
(1.0-)1.5-3.5(=5) mm in diameter; more or less uniform diam-
eter throughout, without constrictions; branch apices narrowed,
more or less acute or blunt tips. Medulla of loose filaments sur-
rounding a more compact axial strand; medullary filaments radi-
ate anticlinal branched slender filaments outward to the cortical
layers. Inner cortex of 2-3 more or less ovoid cells, 9-12 pm in
diameter (hypodermal cells); outward continuing with shorter
filaments of 2-3 pigmented cells, 6-7 pm in diameter, that

become interspersed among the larger, nearly colorless utricles of
the outer layer. Rhizoid-like filaments aligned periclinally among
and beneath hypodermal cell layer. Utricles in transverse section,
spherical to obovate, mostly 20-30 pm tall, (15-)25-35 pm in
diameter. In surface view, the rotund colorless utricles of various
sizes surrounded by smaller pigmented cells gives a rosette ap-
pearance to the cortex.

Tetrasporophytes were found on “Acrochaetium-like” fila-
ments in culture studies; sporophytes not yet identified in field.
Gametophytes dioecious, sexual reproductive structures generally
in the central portions of thalli. Cystocarps ovoid to pyriform,
200-300 pm long and 200-250 pm wide, embedded in outer
medulla (see Le6n-Cisneros et al., 2009, for cystocarp develop-
ment). Spermatangial branches composed of 2—4 elongate pig-
mented cells, arising from hypodermal cells, intermingled among
the utricles, with clusters of spermatangia on thallus surface.

HABITAT. On rocks; low intertidal to subtidal, down
to 15 m depths.
DISTRIBUTION. Gulf of California: Puerto Pefiasco

to Punta Los Frailes; Nayarit to Jalisco. Eastern Pacific: southern
Alaska to Punta Maria, Baja California; Costa Rica; Peru; Gald-
pagos Islands. Western Pacific: Korea.

TyrE LocALITY. Monterey, Monterey County, cen-
tral California, USA (Smith, 1944:191).

REMARKS. Tetrasporophytes were discovered to be
“Acrochaetium-like” filaments in culture studies of S. confusa
from California (see Ramus, 1969, as Pseudogloiophloea con-
fusa), but this phase has not been found in nature. The central
California Scinaia confusa and the southern California S. sny-
derae (Setchell) Huisman (1986; basionym: Pseudoscinaia
snyderae Setchell, 1914) may be the same species (Abbott and
Hollenberg, 1976; Huisman, 1985, 1986). Although S. sny-
derae was noted to be occasionally collected (Dawson, 1945d,
as “P. snmyderae”) or apparently rare (Abbott and Hollenberg,
1976), according to Stewart (1991) it is known only from the
original collection at Pacific Beach in San Diego. The taxonomic
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FIGURE 32. A-C. Scinaia confusa: A. Thin, terete, subdichotomously branched female gametophyte (JN-5302 A, US Alg. Coll.-217350). B.
Transection of cortex with outermost layer of a mixture of pigmented filaments among colorless, somewhat round utricles. C. Surface view of
cortex with rosette pattern of nearly colorless utricles encircled by rosette pattern of pigmented cells of various sizes and shapes (B, C, IN-5024,

US Alg. Coll. microscope slide 4247).

status and relationship of northern Gulf of California S. confusa
to type locality material of S. confusa and S. snyderae should be
further investigated and genetically tested.

Scinaia jobnstoniae Setchell

FIGURES 33, 34

Scinaia jobnstoniae Setchell, 1914:97, pl. 11: figs. 14, 15; Setchell and
Gardner, 1924:742; Dawson, 1944a:257; Taylor, 1945:147; Dawson,
1945d:37; 1949b:237, 243; 1953a:44, pl. 3: fig. 12, pl. 21: fig. 1; Daw-
son et al., 1960a:80, pl. 17: fig. 5; Dawson, 1961b:406; 1962b:199,
229, fig. 78; Norris, 1973:8; Acleto O., 1973:19, figs. 19, 48, 49;
Abbott and Hollenberg, 1976:332, fig. 274; Ramirez and Santelices,
1991:184; Stewart, 1991:68; Serviere-Zaragoza et al., 1993a:484; R.
Aguilar-Rosas and Aguilar-Rosas, 1994:520; Gonzalez-Gonzalez et
al., 1996:269; Anaya-Reyna and Riosmena-Rodriguez, 1996:864, tbl.

1; L. Aguilar-Rosas et al., 2000:130; CONANP, 2002:141; Pacheco-
Ruiz and Zertuche-Gonzélez, 2002:467; Riosmena-Rodriguez et al.,
2005b:34; R. Aguilar-Rosas et al., 2009:6, fig. 2d; Leon-Cisneros et
al., 2009:200, figs. 28-43, tbls. 4-6; Bernecker, 2009:CD-Rom p. 61;
Fernandez-Garcia et al., 2011:64.

Scinaia complanata sensu Taylor, 1945:146 [in part; non Scinaia com-
planata (Collins) Cotton, 1907:260; basionym: Scinaia furcellata
f. complanata Collins in Collins, Holden and Setchell, 1901a: P.B.-A.
No. 836].

Scinaia furcellata var. undulata sensu Howe, 1911:502 [non Scinaia furcel-
lata var. undulata (Montagne) J. Agardh, 1851:422; basionym: Ginna-
nia undulata Montagne (1841) which is now Scinaia undulata (Mon-
tagne) Huisman, 1985:417].

Algae of 1 to a few erect, terete fronds, 6.0-23 cm tall,
and dichotomously to subdichotomously branched in 2 planes,
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FIGURE 33. Scinaia jobnstoniae: A. Habit of male gametophyte with dense spermatangia covering some apices forming darker cap-like
sori (JN-5670, US Alg. Coll.-217351). B. Branch with darker cap-like spermatangial sori on some apices (JN-5670, US Alg. Coll.-160916).
C. Smaller thallus to show morphological variation (JN-5023, US Alg. Coll.-160907).
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FIGURE 34. Scinaia johnstoniae: A. Surface view of cortex with laterally cohering utricles forming polygonal pattern with isolated pigmented
cells. B. Transection with outermost cortical layer of nearly colorless abutting utricles above a layer of pigmented hypodermal cells that are con-
nected to medullary filaments, and rhizoidal filaments (A, B, JN-5023, US Alg. Coll. microscope slide 4301).

6-8(-10) orders at 2.0-12 mm intervals; attached by a small
discoid holdfast. Branches without constrictions; 3.5-5.0 mm in
diameter in upper portions, with acute to blunt apices; becoming
narrower proximally (downward), to 1.0-2.0 mm in diameter.
Internally composed of a thin central axis of compact longitudi-
nal aligned filaments that radiate out into loose dichotomously
branched medullary filaments that ultimately produce the cor-
tical filaments. Cortex differentiated into two sections; inner
cortical layers of pigmented spherical to pear-shaped cells (hypo-
dermal cells, 10-18 pm in diameter) and an outer layer of larger,
nearly colorless utricles forming a continuous surface layer. Utri-
cles in transection, squarish to oblong and slightly taller than
wide, 18-30 pm length, 17-25 pm wide; in surface view, utricles
polygonal, of similar size, with an occasional, small pigmented
cell interspersed among them.

Tetrasporophytes not known. Gametophytes monoecious or
dioecious. Cystocarps embedded in outer medulla, about (140-
)160-220 pm in diameter; scattered throughout central portion
of thallus. The cap-like spermatangial sori (“apical cap type”
of Kajimura, 1988) densely cover the surface of branch apices
and are easily noticed because of the difference in color. Cortical
utricles are absent beneath the sori. Spermatangial branches a
mixture of smaller cells arising from hypodermal cells (similar to
those of the California S. articulata Setchell (1914; cf. Dawson,
1949b:23, pl.7: figs. 44, 45).

HaBITAT.
strata, often in shell and sand bottoms and sometimes partially

Growing on rocks and various other sub-

sand covered; subtidal, down to 20 m depths.
DISTRIBUTION. Gulf of California: El Coloradito to
Punta Los Frailes; laguna, Santa Maria-La Reforma; Sinaloa to

Jalisco; Islas Marias (Islas Tres Marias). Eastern Pacific: south-
ern California to Bahia de Ballenas, Baja California Sur; Islas
Los Coronados (off northern Baja California); Costa Rica; Peru;
Galdpagos Islands.

Tyre LocALriTy.
southern California, USA.

REMARKS. Scinaia jobnstoniae is a cylindrical species,
with an outer cortex of utricles that tend to flatten on their outer
(distal) end. Dawson (1953a:48) suggested Scinaia minima E. Y.
Dawson (1945a:103; type locality: off Isla Cedros, Pacific Baja
California) may prove to be a dwarfed form of S. jobnstoniae.

San Pedro, Los Angeles County,

Similar cap-like spermatangial sori are found in the southern Cal-
ifornia S. articulata Setchell (1914; cf. Dawson, 1949b:23, pl.7:
figs. 44, 45; type locality: Santa Barbara), but S. johnstoniae does
not have the characteristic constricted segments of S. articulata.
Known from the type locality and Santa Barbara Island (Califor-
nia Channel Islands; Dawson, 1949b, 1961b), S. articulata has
also been reported to the south from Cabo Colonet (Colnett),
Pacific Baja California (R. Aguilar-Rosas and Aguilar-Rosas,
1986). Although Ledn-Cisneros et al. (2009) recently considered
S. articulata conspecific with S. jobnstoniae, their relationship
should additionally be elucidated by molecular testing.

Gulf Scinaia johnstoniae is also similar to the Japanese
S. tokidae Kajimura (1988, type locality: off Tsudo, Oki Is-
lands). Scinaia tokidae has branches that are not constricted,
but it branches in three planes, with 5-11 branch dichotomies,
and has slightly pigmented, larger rounded to oval utricles. Gulf
S. jobnstoniae somewhat resembles S. japonica Setchell (1914;
type locality: Misaki, Kanagawa Prefecture), but it differs pri-
marily in being smaller, lacks constricted segments, has fewer



branch dichotomies (mostly 6-8), branches in two planes, and,
in transection, utricles are squarish to oblong (only slightly taller
than wide), whereas S. japonica has constricted segments, 9-11
branch dichotomies, and elongated utricles (in transection) [note:
see comments of Y.-P. Lee and Ko, 2006:280 on taxonomic sta-
tus of S. japonica). The taxonomic distinction and molecular
phylogenetic relationship of the nonconstricted S. jobnstoniae, S.
japonica (Kaneko, 1975:9, figs. 2-11), S. minima, and S. tokidae,
and the constricted S. articulata needs to be further investigated.

Scinaia latifrons M. Howe

FIGURE 35

Scinaia latifrons M. Howe, 1911:500, fig. 1, pl. 28 (type); Setchell,
1914:102, pl. 11: fig. 23; Setchell and Gardner, 1924:742; Daw-
son, 1944a:258; Taylor, 1945:148; Dawson, 1945d:37; 1949¢:237;
1953a:46, pl. 4: fig. 1; 1960a:36; 1961b:406; 1962b:229; Norris,
1973:9; Acleto O., 1973:18, figs. 41, 44-47; Abbott and Hollenberg,
1976:332, fig. 275; Ramirez and Santelices, 1991:184; Kajimura,
1995:540, fig. 19; Gonzilez-Gonzélez et al., 1996:270; Yoshida,
1998:506; CONANP, 2002:141; Pacheco-Ruiz and Zertuche-
Gonzalez, 2002:467; Leon-Cisneros and Riosmena-Rodriguez,
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2005:31, fig.1; Riosmena-Rodriguez et al., 2005b:34; Bernecker and

Wehrtmann, 2009:226; Le6n-Cisneros et al., 2009:203, figs. 44-60,

tbls. 7-9; Fernandez-Garcia et al., 2011:64.

Gametophytes erect, flattened, unconstricted, subdichoto-
mously branched in 1 plane, and up to 22 cm tall; above a short,
terete stipe (2—-5 mm long); attached by a small discoid holdfast.
Branch segments 5-10(-12) mm wide, 1.3-3.0 cm long. Inter-
nally, a distinct central axial strand is absent, medullary fila-
ments branch outward, ultimately forming cortical layers of 1-2
small, globose, pigmented cells, 18-20 pm in diameter, beneath
an outer surface layer of larger, nearly colorless, closely abutting
oblong to square utricles, 33-45 pm tall by 18-30 pm wide in
transverse view. In surface view, utricles polygonal, with a min-
ute pigmented cell occasionally among them.

Tetrasporophyte not known. Gametophytes dioecious (Ka-
jimura, 1995). Cystocarps, spherical to pyriform, (200-)320-
375 pm in diameter; embedded within the outer medulla and
scattered but aggregated most abundantly along thallus margins.
Spermatangia in elongate sori continuous along margins from
base to upper thallus, except the apices and axils (“marginal belt
type” of Kajimura, 1995). Spermatangial branches 2-3 elongated

FIGURE 35. Scinaia latifrons: Habit of female gametophyte showing flattened wide axes with the
majority of cystocarps along lateral margins, some scattered (JN-5049, US Alg. Coll.-160925).
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cells arising from hypodermal cells, inserted among the utricles,
with terminal spermatangia at frond surface.

HABITAT. Growing on rocks or hard substratum,
which are often partially sand covered, or on shell and sand bot-
toms; subtidal, from 5 to 22.7 m depths.

DISTRIBUTION. Gulf of California: Punta Pelicano
(vicinity of Puerto Pefiasco) to Guaymas; Isla Willard (Bahia
San Luis Gonzdga) to Punta Perico (Baja California Sur); Puerto
Refugio, Isla Angel de la Guarda. Eastern Pacific: California
Channel Islands to Oaxaca; Costa Rica; Peru; Galdpagos Islands.

TyYPE LOCALITY. Near La Paz, Baja California Sur,
Gulf of California, Mexico.

REMARKS. Scinaia latifrons is similar to the west-
ern Pacific S. cottonii Setchell (1914) (Okamura, 1921; Tseng,
1941; Dawson, 1953a). Although Yoshida (1998, as S. latifrons)
considered them conspecific, Leon-Cisneros and Riosmena-
Rodriguez (2005) suggested this synonymy not be followed, and
others have also kept them separate (e.g., Tseng, 1983; Kajimura,
1995; Y.-P. Lee and Ko, 2006; Y.-P. Lee, 2008).

Kajimura (1995) supported Dawson’s (1953a) observa-
tion that the most apparent distinction between these two
may be the location of the spermatangial sori. Gulf S. latifrons
had spermatangial sori along the entire margin from base to
top except for the apices and axils (marginal-belt-type of Ka-
jimura, 1995:540, fig. 19), and the Japanese S. cottonii had
spermatangia in small, scattered, irregularly shaped sori on the
frond surface (“irregular-type” of Kajimura, 1988; 1995:536,
fig. 18). Kajimura (1995) further characterized S. latifrons to be
dioecious, with cystocarps (320-375 pm in diameter), utricles
elongated in tranverse view (33-45 pm tall by 18-29 pm in di-
ameter), and 1-2 cortical layers of cells (18-20 pm in diameter);
and S. cottonii to be monoecious, have larger cystocarps (up to
482 pm in diameter), utricles square, roundish, or elongate (26—
40 pm by 21-40 pm), and a thicker cortex of 2-3(-4) layers of
smaller cells (5-10 pm in diameter). In an expanded definition,
Leo6n-Cisneros et al. (2009) reported S. latifrons to be monoe-
cious, described cystocarp development with a new pattern of
fusion cell development involving adjacent cells of the basal cell,
observed spermatangia in marginal belts, and added they were
also scattered throughout the thallus. Gulf specimens exhibit-
ing these characters should be tested by molecular analyses and
compared to S. latifrons sensu stricto as well as S. cottonii.

PALMARIALES

Palmariales Guiry et D. E. G. Irvine in Guiry, 1978b:138.

Algae are of various forms, including filamentous, thin
prostrate crusts of laterally fused filaments and narrow to wide
fronds. Gametangial thalli are monoecious or dioecious. Some
species have spermatangial and tetrasporangial thalli of similar
morphologies. Some have both carpogonia and spermatia on the
same thallus.

Life history is diphasic. There is an absence of a carposporo-
phyte in the life history. A single-cell carpogonium is developed

in much smaller carpogonial thalli, and a tetrasporangial thallus
is developed directly from a fertilized carpogonium, overgrow-
ing the carpogonial thallus. Tetrasporangia are repeatedly regen-
erated from a basal generative stalk cell (unique to the order).
Monosporangia are not known. Pit plug ultrastructure shows a
two-cap membrane.

REMARKS. Ragan et al. (1994), on the basis of
their molecular analysis, found that rDNA SSU (small-subunit
ribosomal DNA) data of some morphologically different
taxa of the Acrochaetiales were related to members of the
Palmariales.

At present the Palmariales is composed of four families, one
of which is reported in the northern Gulf of California.

RHODOPHYSEMATACEAE

Rhodophysemataceae G. W. Saunders et J. McLachlan. 1990:20; Saunders

and McLachlan, 1991:272.

Filamentous algae, composed of erect and prostrate uniseri-
ate filaments that attach to substratum or algal host by laterally
fused cells that form a compact monostratic base. Erect filaments
develop individually or in clusters and may become adherent and
pseudoparenchymatous, resulting from cell fusions or mucilagi-
nous envelopes or a combination of both. Cells contain either
a parietal or ribbon-shaped chloroplast or numerous discoid
chloroplasts and lack pyrenoids. The pigment B-phycoerythrin
is present. Ultrastructure reveals a two-cap layer (Pueschel and
Cole, 1982).

Gametophytes are monoecious with sessile carpogonia and
paired spermatangia. After presumed fertilization, the carpogo-
nium gives rise directly to a tetrasporangium that is subtended
by a stalk cell.

REMARKS. Pueschel and Cole (1982) reported that
Rhodophysema Batters (1900) had the same kind of pit plugs as
members of the Palmariales. DeCew and West (1982) found the
Rhodophysema crusts to be a gametangial, with both carpogo-
nia and spermatangia, and its sexual life history was anomalus.
The fertilized carpogonium divides into a stalk cell and a tetra-
sporangium (the stalk cell can produce successive tetrasporan-
gia), and DeCew and West (1982) suggested the genus belongs
in the Palmariales.

The Rhodophysemataceae, on the basis of Rhodophysema,
was described by Saunders and McLachlan (1990). Saunders et
al. (1995) and Clayden and Saunders (2010) confirmed the ear-
lier suggestion of Saunders and McLachlan (1990, 1991) that
the family belongs in the Palmariales. Members of the family
do not produce monosporangia, lack a carposporophyte phase
in their life histories, and are characterized by the presence of
the pigment B-phycoerythrin. These characters separate Rhodo-
physemataceae from the Palmariaceae Guiry (1974), which has
tetrasporophyte and carposporophyte phases and the pigment
R-phycoerythrin.

Currently, five genera are recognized in the family. One—
the recently described genus Rhodonematellai—was tentatively



placed in the family (Clayden and Saunders, 2010) and is now
reported in the northern Gulf of California.

Rhodonematella Clayden et G. W. Saunders

Rhodonematella Clayden et G. W. Saunders, 2010:297, figs. 7-11.

Algae are microscopic to minute gametophytes; composed
of uniseriate, simple to branched erect filaments and prostrate,
sometimes branched, basal filaments. Cells of basal and erect fil-
aments usually have one parietal chloroplast and are without py-
renoids. The filamentous gametophytes are composed of a basal
system of endophytic cells that are “immersed” in the host cortex
(but apparently not penetrating host cortical cells) and an erect
system of free one- to three-celled filaments that arise directly
from the basal cells.

Monoecious filaments have both sessile carpogonia and
spermatangia on one- to two-celled erect filaments. Following
presumed syngamy, the carpogonia directly gives rise to diminu-
tive, moderately branched, filamentous tetrasporophyte. Tetra-
sporangia, produced directly from the fertilized carpogonium,
are cruciately divided, borne terminally on the filaments, and
surrounded by presumed gametophytic, multicelled filaments
(paraphyses) (reproduction after Clayden and Saunders, 2010).

REMARKS. Rhodonematella is most easily confused
with some members of Rhodochorton Nigeli (1862). Although
both genera lack pyrenoids and monosporangia, the marine spe-
cies of Rhodochorton reproduce asexually by tetrasporangia and
have stellate plastids (Y.-P. Lee and Lee, 1988; Harper and Saun-
ders, 2002). In contrast, Rhodonematella has gametangial thalli
in which the carpogonia directly produces a terminal cruciate
tetrasporangium and has cells with a single parietal plastid (Y.-P.
Lee and Kurogi, 1978; Garbary et al., 1983).

Although both genera are found in the intertidal to shal-
low subtidal of temperate to subtropical seas, Rhodonematella
subimmersa is an endo-epiphyte on its foliose red algal hosts,
e.g., species of Halymenia, Grateloupia, and Kallymenia,
whereas most species of Rhodochorton grow on rocks or other
hard substratum. The life histories of Rhodochorton subim-
mersum and R. floridulum (Dillwyn) Feldmann (in Christensen,
1978; basionym: Conferva floridula Dillwyn, 1809; generitype of
Rhodonematella) (Y.-P. Lee and Kurogi, 1978; Stegenga, 1978,
1979) were reinterpreted by Clayden and Saunders (2010), who
recognized Rhodonematella and tentatively placed it in the
Rhodophysemataceae.

Rhodonematella is represented by a single species in the
northern Gulf of California.

Rhodonematella subimmersa (Setchell et N. L. Gardner)
Clayden et G. W. Saunders

Rhodochorton subimmersum Setchell et N. L. Gardner, 1903:347, pl. 17:
fig. 12; Kylin, 1925:45; Drew, 1928:191, pl. 47: fig. 81; Nakamura,
1941:290, fig. 17; Smith, 1944:185; Y.-P. Lee and Kurogi, 1978:115,
figs. 1-10; Y.-P. Lee, 1987:45, fig. 22A-H; Y.-P. Lee and Yoshida,
1997:206; Yoshida, 1998:472; Y.-P. Lee, 2008:178, figs. A-C.
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Rhodonematella subimmersa (Setchell et N. L. Gardner) Clayden et G. W.
Saunders, 2010:297, figs. 7-11.

Acrochaetium  subimmersum (Setchell et N. L. Gardner) Papenfuss,
1945:318; Dawson, 1961b:404; Hollenberg and Abbott, 1966:42; Ab-
bott and Hollenberg, 1976:319, fig. 261; Silva, 1979:317; Josselyn and
West, 1985:143; Gonzalez-Gonzalez et al., 1996:167; Pacheco-Ruiz et
al., 2008:206.

Audouinella subimmersa (Setchell et N. L. Gardner) Garbary et Rueness,
1980:22; Garbary et al., 1983:56, fig. 23; Garbary, 1987:178; Scagel et
al., 1989:151; Hansen, 1997:5.

Colaconema subimmersum (Setchell et N. L. Gardner) P. W. Gabrielson in
Gabrielson et al., 2004:95.

Algae filamentous; endo-epiphytic, forming dark red to red-
dish patches on algal host; of short, erect filaments protruding
above surface, attached by basal filaments on host surface with
endophytic filaments immersed between cortical cells of host.
Basal endophytic filaments, unbranched or sometimes branched;
of irregularly shaped elongated cells, (15-)25-40(=50) pm long
and 4.0-6.0 pm wide. Erect filaments (above host surface), short,
simple, or occasionally branched above, usually not more than
2-6(-10) cells tall; of cells mostly about as long as wide to ob-
long, 4.0-7.0 pm long, 3.0-6.0 pm in diameter. Cells with a sin-
gle parietal chloroplast and without pyrenoids.

Tetrasporangial thalli filamentous, developed directly from
fertilized carpogonium; tetrasporangium on a stalk cell, borne
lateral and terminal on erect filaments, cruciately divided, el-
lipsoid, 15-21 pm long, 10-13 pm wide. Carpogonial and
spermatangial thalli filamentous, monoecious (as reported else-
where). Carpogonium “flask shaped,” 5-10 pm long and 3-4
pm wide, with a terminal trichogyne, up to 8.0 pm long, 2.0-3.0
pm in diameter; sessile on a single basal cell, on 1- to 3-celled,
erect filaments. Presumably fertilized carpogonium divides trans-
versely and develops simple to branched gonimoblast filaments
that bear a terminal, cruciate tetrasporangia. Spermatangial par-
ent cell develops a single, globose spermatangium lateral on cells
of creeping prostrate filaments and terminal on short erect fila-
ments; spermatia 3—4 pm in diameter (reproduction after Y.-P.
Lee and Kurogi, 1978; Y.-P. Lee and Yoshida, 1997; Clayden and
Saunders, 2010).

HABITAT. An endo-epiphyte found growing within
the cortical layer and partially on the surface of Halymenia cali-
fornica and Kallymenia pertusa; shallow subtidal, down to 10 m
depths.

DISTRIBUTION. Gulf of California: Isla San Esteban.
Eastern Pacific: southern British Columbia to California Channel
Islands (off southern California). Western Pacific: Japan; Korea.

TyPE LoOCALITY. Endo-epiphyte on Grateloupia
doryphora; Whidbey Island (Whidby), Island County, Puget
Sound, Washington, USA.

REMARKS. A new record for the Gulf of California,
Rhodonematella subimmersa was found growing in Halyme-
nia californica (JN-5540, US Alg. Coll. microscope slide 4243)
and Kallymenia pertusa (JN-5538, US Alg. Coll. microscope
slide 4262), off the southern end of Isla San Esteban. The Gulf
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specimens referred to R. subimmersa mostly closely resemble
those of Abbott and Hollenberg (1976: fig. 261, as Acrochae-
tium subimmersum). Previously known on the Pacific coast of
North America, R. subimmersa has been found growing, in ad-
dition to Halymenia, on Grateloupia, Prionitis, and Schizymenia
(Abbott and Hollenberg, 1976) and should be looked for on the
Gulf species of these genera as well.

CORALLINOPHYCIDAE

Corallinophycidae L. Le Gall et G. W. Saunders, 2007:1129.

A large group of articulated and nonarticulated calcified
algae, with calcification in the form of calcite. Members are char-
acterized by pit plugs that have two cap layers, and the outer
pit plug is dome shaped. Tetrasporophytes, where known, pro-
duce zonately or cruciately divided tetrasporangia. Carpogonial
branches are two-celled.

REMARKS. Coralline algae are ecologically important
and widespread in distribution from polar regions to the tropics.
They are critical, often predominant components of intertidal
to deep subtidal marine ecosystems and are the deepest known
plants on earth (Littler et al., 1985, 1986). Studies of global and
climate changes have shown coralline algae to be vulnerable to
environmental changes such as warming and ocean acidification
(Nelson, 2009; Diaz-Pulido et al. 2012; Nash et al., 2012; Tei-
chert et al., 2012). Coralline algae and their habitats will require
further studies and long-term ecological monitoring.

There are three orders currently recognized in the subclass
Corallinophycidae: the Corallinales; Rhodogorgonales Fredericq,
J. N. Norris, et Pueschel (in Fredericq and Norris, 1995); and the
Sporolithales L. Le Gall, Payri, Bittner et G. W. Saunders (2010).

One order, the Corallinales, is well represented in the north-
ern Gulf of California.

CORALLINALES*

Corallinales P. C. Silva et Johansen, 1986:250.

The Corallinales are considerably varied in shape and size
and include pink to purple calcified algae that may be growing
attached to various substrates, unattached and free-living, or
partly endophytic in other corallines. Members are either (1) non-
articulated, crustose, and prostrate, (2) articulated (jointed) and
erect, or (3) partially endophytic. The nonarticulated, crustose
corallines are smooth, warty, or with protuberances and usually
spreading. Some apparently may break away from the rocky or
hard substrata, with the crustose fragments continuing to grow
or possibly attaching to calcium carbonate particles or mollusk
shell fragments, eventually surrounding them to form rhodoliths
(e.g., Foster et al., 1997; Riosmena-Rodriguez et al., 2010) or

Contributed by James N. Norris and H. William Johansen. H. W.
Johansen: Department of Biology, Clark University, Worcester,
Massachusetts 01610, USA.

maérl (e.g., Blunden et al., 1997; Foster, 2001; Hinojosa-Arango
et al., 2009). Rhodoliths remain unattached as free-living, sub-
spherical to irregular-shaped nodules that may be smooth or
with protuberances or branches. The other major group, the ar-
ticulated or jointed species have erect parts or fronds consisting
of calcified segments (intergenicula) that are separated by flex-
ible, uncalcified joints (genicula). These articulated fronds are at-
tached to rocks, shells, or other algae by holdfasts of thin crusts
or of entangled, segmented rhizomes.

Living rhodolith or maerl (maérl) beds are unique marine
ecosystems worldwide. An individual rhodolith may be a single
species, but sometimes a rhodolith may be composed of multiple
species. Rhodolith beds, although disjunct in distribution, are
particularly abundant in the Pacific from the Gulf of Califor-
nia and southern Japan; the Eastern Atlantic coasts of Norway,
Ireland, and Scotland; the Mediterranean Sea and Red Sea; the
Western Atlantic coasts of northeast Canada, Caribbean Sea,
and Brazil; and the Indian Ocean and southern ocean coasts of
western Australia (Foster, 2001; Amado-Filho et al., 2012). Rho-
doliths were known as “chicaron” on the former pearl-fishing
banks around La Paz (Dawson, 1944a). In the Gulf of Califor-
nia, rhodolith beds are often extensive, occuring from Puerto
Penasco to Islas Marietas off Nayarit (Foster et al., 1997; Yabur-
Pacheco and Riosmena-Rodriguez, 2006; Riosmena-Rodriguez
et al., 2010: fig. 3.1). With their high ecological and economic
value they are now recognized as critical habitats in need of
monitoring and conservation (Avila and Riosmena-Rodriguez,
2010; Riosmena-Rodriguez et al., 2010).

The internal structure of most coralline algae is pseudopar-
enchymatous, composed of delicate filaments cemented together
by cell walls impregnated with calcium carbonate in the mineral
form of calcite. Meristematic cells are intercalary and produce
epithallial cells outward and other vegetative cells inward. Cells
of the contiguous vegetative filaments can be united by fusions
or by direct secondary pit connections, and trichocytes may be
either present or absent. Ultrastructure of those studied thus far
shows the primary pit plugs have two cap layers, with the outer
cap layer dome-shaped (Pueschel and Cole, 1982; Pueschel,
1987, 1989). Internally the fronds of articulated coralline algae
are composed of a central core of filaments, the medulla, and
the surrounding pigmented tissue of the cortex. The crustose
corallines are composed of three tissue layers of filaments: (1) a
hypothallium, in which the filaments are close to the substrate
and more or less parallel to it; (2) a perithallium, in which the
filaments are above the hypothallium and more or less perpen-
dicular to the substratum; and (3) an epithallium, the upper or
superficial layer of cells that in many may regularly slough off.
In some species epithallial cells are rarely seen, in others they can
build up to several layers, and in a few they give rise to a signifi-
cant photosynthetic tissue.

Although vegetative reproduction by fragmentation has
been assumed in rhodolith species, Schaeffer et al. (2002) found
no genetic evidence of cloning among Gulf of California spe-
cies they investigated.Tetrasporangia or bisporangia are borne



within conceptacles with large red bisporangia or zonately
divided tetrasporangia (Corallinaceae). In some genera, con-
ceptacles are developed with a uniporate opening. In others,
sporangia develop thick cap walls (“beak”) that eventually
break out, giving rise to conceptacles that are multiporate (Ha-
palidiaceae subfam. Melobesioideae, e.g., Lithothamnion) with
one pore for each sporangium. For some, asexual reproduction
may also be by means of thallus fragmentation, apomeiotic
bispores, or propagules. Gametangial thalli may be monoecious
or dioecious, with gametangia always produced within unipo-
rate conceptacles located on the surfaces of crustose (nonarticu-
lated) species and either in the surface or apices of the calcified
segments (intergenicula) of the articulated species. Carpogonial
conceptacles bear supporting (auxiliary) cells on the floor, each
with one to two two-celled carpogonial filaments in which the
trichogynes project through the pore at maturity. After fertiliza-
tion the auxiliary and associated cells irregularly or sometimes
completely fuse to form a more or less flat fusion cell. Short gon-
imoblast filaments grow from the margins or upper surface of a
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fusion cell, forming large red carposporangia, each containing a
single carpospore. Spermatangial conceptacles contain simple to
dendroid spermatangial filaments either on the conceptacle floor
and/or sometimes along the conceptacle walls and roof that pro-
duce spermatangia.

The Corallinales as currently interpreted comprise two fam-
ilies, the Corallinaceae J. V. Lamouroux (1812) and Hapalidia-
ceae J. E. Gray (1865). The family Sporolithaceae Verheij (1993),
previously considered to belong to the Corallinales, has been rec-
ognized to be a new order, the Sporolithales L. Le Gall, Payri,
Bittner et G. W. Saunders (Le Gall et al., 2010), supported by
molecular evidence and the morphological studies of Townsend
et al. (19995) of Sporolithon Heydrich (1897b).

Terminology and characters, along with illustrations, unique
to members of the Corallinales are elucidated in Johansen (1981),
Woelkerling (1988), Irvine and Chamberlain (1994), Womersley
(1996), Keats (n.d. [accessed 2010]), and Rasser (2010).

The two families of the Corallinales are represented in the
northern Gulf of California.

KEY TO THE FAMILIES OF THE CORALLINALES IN THE NORTHERN GULF OF CALIFORNIA

la. Sporangial conceptacles uniporate; bisporangia and tetrasporangia do not produce apical plugs ....... Corallinaceae

1b. Sporangial conceptacles multiporate; bisporangia and tetrasporangia produce apical plugs at pore

CORALLINACEAE

Corallinaceae J. V. Lamouroux, 1812:185.

The Corallinaceae is separated from the other families pri-
marily by the manner of sori development and characters of
tetrasporangia and bisporangia. In the Corallinaceae, tetraspo-
rangia and bisporangia are borne in conceptacles (interpreted as
modified sori) with calcified roofs and may be somewhat sunken,
more or less level, or protruding from the thallus surface. The
tetrasporangia are simultaneously cleaved and zonately divided
and are not developed below multiporate plates, and they are not
individually within calcified compartments (see Townsend et al.,
1995; A. Harvey et al., 2003b).

. Hapalidiaceae

REMARKS. Articulated and crustose coralline algal
species of the Corallinaceae are prominent in the Gulf of Califor-
nia and include species from seven of the subfamilies. The articu-
lated species reported from the northern Gulf are members are
in two subfamilies: C. subfam. Corallinoideae, which includes
Corallina, Haliptilon, and Jania, and C. subfam. Amphiroideae,
with Amphiroa.

The Corallinaceae are widespread and ecologically impor-
tant in the Gulf of California, with 55 species; 31 nonarticulated
(crustose) coralline species in 17 genera, 23 articulated species in
4 genera, and 1 parasitic genus.

KEY TO THE SUBFAMILIES OF THE CORALLINACEAE IN THE NORTHERN GULF OF CALIFORNIA

la. Thalli geniculate; branches composed of uncalcified genicula (joints) and calcified intergenicula (calcified segments

between uncalcified joints) (articulated corallines) ... ...

1b. Thalli nongeniculate; either without branches or with solid calcified branches not composed of genicula and intergenicula

(nonarticulated corallines) ........................

2a. Articulated branches with uncalcified genicula of 1 to several tiers of cells; secondary pit connections present; cell fusions

absent ... ...

........................... C. subfam. Amphiroideae

2b. Articulated branches with genicula of 1 tier of cells; secondary pit connections absent; cell fusions present ..........

........................... C. subfam. Corallinoideae

3a. Some cells of vegetative filaments linked by secondary pit connections; cell fusions absent or very rare .............

.......................... C. subfam. Lithophylloideae

3b. Some cells of vegetative filaments linked by cell fusions; secondary pit connections absent or very rare ........... 4
4a. Spermatangial filaments develop on conceptacle chamber floor, walls, and roof ... ... C. subfam. Neogoniolithoideae
4b. Spermatangial filaments developed only on conceptacle chamber floor ...... ... ... ... .. . i .. S
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Trichocytes present in large tightly packed horizontal rows without vegetative filaments between them .............
........................................................................ C. subfam. Porolithoideae
Trichocytes absent or present; if present, solitary, in pairs, or in small groups or rows with vegetative filaments between
them (not in large tightly packed horizontal rows) ... ... ... i i e e 6
Gulf of California members primarily dimerous in thallus construction; sporangial conceptacle pore canal lined by cells
oriented more or less perpendicular to conceptacle roof and that do not protrude into pore canal .................
....................................................................... C. subfam. Hydrolithoideae
Gulf of California members monomerous or dimerous in thallus construction; sporangial conceptacle pore canal lined by
cells oriented more or less parallel to conceptacle roof and that protrude laterally into pore canal .................
...................................................................... C. subfam. Mastophoroideae

KEY TO THE GENERA OF CORALLINACEAE IN THE NORTHERN GULF OF CALIFORNIA

Nonarticulated calcified crustose algae, consisting of crusts or nodules (rhodoliths); with protuberances or branches
without flexible noncalcified joints, or without protuberances; nonarticulated Corallinaceae ................... 2
Articulated calcified algae, composed of flexible fronds of calcified segments (intergenicula) that are separated by non-
calcified joints (genicula); articulated Corallinaceae .. ... ottt i e 18
Semiendophytic minute, parasite on articulated corallines; lateral cells of adjacent filaments not linked (no secondary pit

connections NOr cell fuSiONS) . . ..o i e Choreonema
Not semiendophytic or parasitic, larger; with some form of lateral cell linkage (secondary pit connections and/or cell
fusions) between cells of adjacent fillaments ... ... ..ottt i e e 3
Secondary pit connections link some cells of adjacent filaments; cell fusions absentorrare ..................... 4
Cell fusions link some cells of adjacent filaments; secondary pit connections absent orrare .................... 6
Primigenous (basal) filaments of palisade cells (vertically elongated cells) .......... ... .. ... i ... S
Primigenous (basal) filaments of nonpalisade cells (quadrate or squarish cells) .................... Lithophyllum
Crusts very thin, usually a single cell layer; overgrowing each other (up to 4 layers) ................... Litholepis
Crusts thicker, of 2 or more cells layers thick . . .. ... o i i Titanoderma
Tetrasporangial and bisporangial conceptacles uniporate ... .........o.iuintntit e int it 7
Tetrasporangial and bisporangial conceptacles multiporate ... ... ...ttt e 16
Thallus construction either dimerous or monomerous; or both monomerous and dimerous .................... 8
Thallus construction primarily dimerous (protuberances, if present, may be radially arranged and monomerous) . ... 11
Thallus construction primarily MONOMETOUS . . v vt vttt e e ettt et et ettt e et e e e e et e e 9
Thallus construction both monomerous and dimerous . .............i i, Spongites (in part)
Spermatangial filaments arise from spermatangial chamber floor, walls, and roof ................. Neogoniolithon
Spermatangial filaments arise only from spermatangial chamber floor . ..... ... ... . ... . .. ... 10
Trichocytes tightly packed in large horizontal fields .. . ... ... . . i Porolithon
Trichocytes, if present not as above, not tightly packed, usually with vegetative cells between trichocytes; if trichocytes in
horizontal rows, in smaller groups (rows shorter) . ... ... ...t ininenan. Spongites (in part)
Crusts thin, usually less than 200 pm thick, without protuberances; often epiphytic, not forming free living rhodoliths
.......................................................................................... 13
Crusts thicker, usually greater than 200 pm thick, may have protuberances; on rocks, epiphytic or may form free living
thodoliths ..o e 12
Sporangial conceptacle pore canal in vertical section lined with cells parallel to roof that protrude into pore canal; tricho-
cytes not observed in primigenous (basal) filaments .. ......... ... .. . Spongites (in part)
Sporangial conceptacle pore canal in vertical section lined with cells perpendicular to roof surface that do not protrude
into pore canal; trichocytes terminal on primigenous filaments ........................... Hydprolithon (in part)
Trichocytes absent ; crusts epiphytic ... ...ttt e e Heteroderma
Trichocytes present or absent; on rocks or epiphytic .. ... ... e 14
Trichocytes when present, intercalary within primigenous (basal) filaments or terminal on postigenous (erect) filaments;

pore canal of sporangial conceptacles (in vertical section) lined, at least initially, by horizontally oriented cells (parallel to
conceptacle roof surface); germination disc with 8-celled center ........... ... ... .. ... .. ... .... Pneophyllum
Trichocytes, when present, terminal on primigenous filaments or intercalary on postigenous filaments; pore canal of spo-
rangial conceptacles (in vertical section) lined by enlarged, vertically oriented cells (perpendicular to conceptacle roof);
germination disc with 4-celled center . ... .. .. . e 15



15a.
15b.
16a.
16b.
17a.
17b.
18a.

18b.

19a.

19b.

20a.

20b.
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Crusts not extensively overlapping each other; sporangial conceptacles 200-225 pm in diameter . . . . . Fosliella? paschalis
Crusts often overlapping each other; sporangial conceptacles smaller, 100-160 pm in diameter . ... Hydrolithon (in part)
Melobesia
Thallus cONSErUCtION MONOMEIOUS « . « .+« vt vttt ettt e e ettt e et e e e e e e e et e e e 17
Epithallial cells flattened and flared at corners; monomerous core of filaments noncoaxial Lithothamnion
Epithallial cells not flared; monomerous core of filaments coaxial .. .......... ... ... ..., Mesophyllum
Genicula of 2 or more medullary cell tiers (one species, A. valonioides, has 1 tier); medullary cell tiers in the intergenicular
segments of differing heights; conceptacles on surfaces of segments; secondary pit connections present between some cells
of adjacent filaments; cell fusions absent Amphiroa
Genicula a single tier of thick-walled medullary cells; medullary cell tiers in the intergenicular segments all the same height;
conceptacles mostly in the apices of fertile segments; secondary pit connections absent; cell fusions present between some
cells of adjacent flaments . ... ... ottt e e e 19
Primarily dichotomously branched; terete to subterete segments (intergenicula) less than 300 pm in diameter; inter-
genicula mostly of 3-6 tiers of cells holdfast crustose or stoloniferous .. ..o, Jania
Pinnately branched; compressed segments (intergenicula) more than 300 pm wide; medulla of intergenicula mostly of
3-25 tiers of cells; crustose holdfast (stolons absent, rare or sometimes along with crustose base) .............. 20
Axes and branches mostly greater than 500 pm wide; intergenicula of 10-25 tiers of medullary cells; holdfast crustose
(stolons absent or rare); reproductive conceptacles without or occasionally with short branchlets; fusion cells thin and
broad; spermatangia conceptacles with low ceiling and short beaks ......... ... ... ... ... .. ... ... Corallina
Axes mostly less than 500 pm in diameter; intergenicula usually with 2 or more subcylindrical branchlets; intergenicula
of 36 tiers of medullary cells; holdfast crustose (some also with stolons); tetrasporangial and carposporangial concep-
tacles with branchlets; fusion cells thick and compact; spermatangial conceptacles with high ceiling and without beaks or
........................................................................... Haliptilon

Thallus construction diMErOUS . . . ot vttt et e et e et e e e e et e e e e e e

branchlets
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CORALLINACEAE SUBFAM. CORALLINOIDEAE

Corallinaceae subfam. Corallinoideae (Areschoug) Foslie, 1908:19; Womer-
sley and Johansen, 1996:288; Bailey and Chapman, 1998:692; Bailey,
1999:208; Harvey et al., 2003a:994.

Algae usually erect, sometimes procumbent, of terete to
compressed branches of genicula (joints) that alternate with
longer intergenicula (segments); arising above a crustose hold-
fast, lowermost basal segments with basal stolons in some spe-
cies. Intergenicula of medulla of laterally adjoined filaments in
1-25(-40) tiers of cells; vegetative filaments linked by lateral cell

fusions; secondary pit connection absent; cortex of calcified cells.
Genicula uncalcified; of a single tier of cells.

Life history of isomorphic tetrasporophytes and gameto-
phytes. Zonate tetrasporangia and bisporangia produced in urn-
shaped or embedded conceptacles. Gametophytes monoecious or
dioecious, with axial or lateral conceptacles. Carpogonial filaments
2-celled, borne on conceptacle floor; carposporangia terminal on
short gonimoblast filaments from basal fusion cell. Spermatangia
on short filaments from floor or sides of conceptacle chamber.

REMARKS. The subfamily is represented by two gen-
era belonging in separate tribes in the northern Gulf of California.

KEY TO THE TRIBES OF CORALLINACEAE SUBFAM. CORALLINOIDEAE
IN THE NORTHERN GULF OF CALIFORNIA

la. Fronds attached by an expansive crustose holdfast; sporangial conceptacles contain more than 30 tetrasporangia or

bisporangia

Corallineae

1b. Frond(s) attached by minute to small crustose holdfast; sporangial conceptacles contain up to 15 tetrasporangia or

bisporangia
CORALLINOIDEAE TRIBUS CORALLINEAE

Corallineae Areschoug, 1852:5009.

The articulated corallines of the tribe Corallineae are
composed of calcified fronds of algae that are of pinnately, di-
chotomously, or irregularly branched and usually attached by
spreading crustose holdfasts (lacking stolon-like attachments).
Intergenicula are subcylindrical or compressed, with wings or
lobes sometimes present, and more than eight cells in the medul-
lary tiers of an intergeniculum.

........................................... Janieae

Sporangial conceptacles contain more than 30 tetrasporangia
or bispores. Carposporangial conceptacles have concave-convex
fusion cells, up to 10 pm thick. Spermatangial conceptacles are
pointed or beaked, with spermatangia lining the floor and lower
inner walls of the chamber.

REMARKS. One genus, Bossiella P. C. Silva (1957a), was
mistakenly reported in the southern Gulf from Bahia de La Paz.
The record of B. orbigniana (Descaine) P. C. Silva (Riosmena-
Rodriguez et al., 1992) was based on an incorrect locality label
(see Riosmena-Rodriguez and Woelkerling, 2000). Also, the
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report of Bossiella californica (Descaine) P. C. Silva (1957a) in
the upper Gulf of California (Martinez-Lozano et al., 1991)
needs to be verified.

The tribe Corallineae is currently represented by one genus
in the northern Gulf of California.

Corallina Linnaeus

Corallina Linnaeus, 1758:646, 805.

Algae are of articulated, calcified, pinnately branched
fronds, attached by a basal crustose that can be extensive. Inter-
genicula calcified and composed of arching tiers of medulla cells
of same length, an outer cortex of pigmented cells, and single
layer of epithallial cells. Cells of the adjoining filaments often
fuse, with nuclear migration occurring between cells; secondary
pit connections are absent. Genicula are uncalcified, composed
of single tiers of long, thick-walled cells (sometimes partly calci-
fied by overlapping ends of the intergenicula). Trichocysts, al-
though present, are not always evident; in surface view with a
central pore and a rounded base.

If fronds are grazed or removed by storms or other physical
disturbances, the species can persist vegetatively by their crustose
holdfasts and later grow new erect fronds. Reproductive concep-
tacles are axial, one per intergeniculum, usually bulging from the
surface with a central pore. Conceptacles in some may occasion-
ally bear branches. Pseudolateral conceptacles, when present,
bulge conspicuously from intergenicular surfaces. Tetrasporan-
gial conceptacles contain more than 30 tetrasporangia prior to
spore discharge; bisporangia, although reported, are apparently

rare. Sporangial initials divide into stalk cells with young sporan-
gia that develop into zonate tetrasporangia. Gametangial thalli
are dioecious. Carposporangial conceptacles are rounded and
sometimes may have branches. Internally, they have an extensive
layer of supporting cells that bear carpogonial filaments, each
with a trichogyne that extends through the pore. After fertiliza-
tion, a broad, thin fusion cell develops within the conceptacle
and bears carposporangial filaments along its edges and some-
time on the upper surface.

Spermatangial conceptacles with a pore on the characteristic
projecting point (“beaked”) on the roof and internally with an
upper conceptacle canal usually more than 100 pm in length.
Spermatangial parent cells produced from densely packed layer
of basal cells on floor and walls of conceptacle chamber. Plastids
degenerating in spermatangial parent cells as they bud off sper-
matangia, each spermatia has a nucleus-containing “head” and
an elongate “tail.”

REMARKS. Corallina is widespread in temperate and
boreal regions, less common in subtropical areas, and absent in
the tropics. Species are found from the intertidal to shallow sub-
tidal, usually growing on rocks or other hard substrata, but may
occasionally be epiphytic or epizoic. Their fronds sometimes also
provide habitat for small invertebrates, such as amphipods and
worms, which can bind their fronds together. In general, among
the articulated corallines in the northern Gulf, Corallina can be
distinguished by its pinnate branching.

Currently five taxa, four species, including a single variety
of one species and another with two varieties, are recorded in the
northern Gulf of California.

KEY TO THE SPECIES OF CORALLINA IN THE NORTHERN GULF OF CALIFORNIA

la. Intergenicula cylindrical or only slightly compressed; main axes intergenicula with 3 or more lateral branches (appearing
polystichous or verticillate); conceptacles terminal . ........ ... . . e C. polysticha
1b. Intergenicula subcylindrical basally, compressed to flattened upward, conceptacles terminal or terminal and lateral on
flattened surfaces of intergenicula .. ... ... . . e 2
2a. Conceptacles predominately only terminal on flattened intergenicula; branching dichotous and pinnate, or mostly
VErtiCHlate . . oot e e e 3
2b. Conceptacles both terminal and lateral on flattened to digitate intergenicula; branching opposite, pinnate or plumose
(lower portions sometimes tending toward whorled) .. ... .. . e 4
3a. Branching distichous-pinnate; intergenicula greater than 1 mm wide and 1.5-1.7 mm long; lateral branches becoming
shorter upward, not appressed tO MaAIN AXES v v\t vt vttt vt ie et et C. officinalis var. chilensis
3b. Branching mostly verticillate; intergenicula mostly up to 0.75 mm (but less than 1 mm) wide and 1 mm long; lateral

branches short, of more or less same length throughout, laterally appressed to main axes . ....... C. vancouveriensis

4a. Ultimate intergenicula simple, lanceolate or spatulate (sometimes slightly lobed)
4b. Ultimate intergenicula pinnate, palmate, or flabellate, predominately digitately lobed . . ..

Corallina officinalis var. chilensis (Decaisne in Harvey) Kiitzing

FIGURE 36A

Corallina chilensis Decaisne in Harvey, 1849a:103; Smith, 1944:230, pl. 51:
fig. 4; Taylor, 1945:45, pl. 62.

Corallina officinalis var. chilensis (Decaisne in Harvey) Kiitzing, 1858:32,
pl. 66: fig.1; Yendo, 1902c:718, pl. 54: fig. 1, pl. 56: fig. 15; Daw-
son, 1953a:132, pl. 28: fig. 1; Dawson et al., 1960a:56, pl. 23: fig.

C. pinnatifolia var. pinnatifolia
C. pinnatifolia var. digitata

4; Dawson, 1961b:418; Dawson et al., 1964:45, pl. 62: figs. A,
B; Dawson and Neushul, 1966:177; Abbott and North, 1972:75;
Johansen, 1976a:405, fig. 354; Littler and Littler, 1981:148;
Pacheco-Ruiz and Aguilar-Rosas, 1984:72, 76; Mendoza-Gonzélez
and Mateo-Cid, 1985:28; 1986:423; Sanchez-Rodriguez et al.,
1989:43; Scagel et al., 1989:168; R. Aguilar-Rosas et al., 1990:124;
Martinez-Lozano et al., 1991:15; Stewart, 1991:84; Dreckmann,
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FIGURE 36. Species of Corallina. A. Corallina officinalis var. chilensis: Habit (EYD-53, AHFH, now UC). B. Corallina vancouveriensis: Habit

(EYD-147, AHFH, now UC).

1991:33; Ramirez and Santelices, 1991:202; R. Aguilar-Rosas and

Aguilar-Rosas, 1994:520; Gonzéilez-Gonzdlez et al., 1996:193;

Riosmena-Rodriguez and Woelkerling, 2000:322; Castafieda-

Fernandez de Lara et al., 2010:199, tbl. 1.
Corallina officinalis f. robusta Setchell et N. L. Gardner, 1903:365.

Calcified articulated fronds, up to 13 cm tall; of few to sev-
eral erect main axes of flat intergenicula, up to 1.5 mm long
and 1-2 mm wide (at distal end); intergenicula loosely branched
opposite pinnately on their upper ends, in more or less 1 plane,
up to 3 orders; lateral branches subterete to flattened; ultimate
branchlets lanceolate, sometimes elongated; fronds arising from
a spreading crustose base.

Reproductive conceptacles mostly 500-600 pm in diameter.

HABITAT. On rocks and in tide pools; low intertidal
to shallow subtidal.
DISTRIBUTION. Gulf of California: Bahia Kino.

Eastern Pacific: Alaska Peninsula, Alaska to Isla Magdalena
(NW side of Bahia Magdalena), Baja California Sur; California
Channel Islands to Islas Todos Santos (off Ensenada), Baja Cali-
fornia; Ecuador; Peru; Chile. Western Pacific: Japan.

Tyre LocALITY.
central Chile.

REMARKS. Corallina officinalis var. chilensis is well
known on the Pacific coast of North America (Johansen, 1976a;
Scagel et al., 1989; Lindeberg and Lindstrom, 2010). The Gulf
of California records of C. officinalis var. chilensis are based on
the reports of Mendoza-Gonzilez and Mateo-Cid (1986) and
Martinez-Lozano et al. (1991); since I have not seen their speci-
mens, the description is based on Dawson (1953a).

Valparaiso, Valparaiso Province,

Corallina pinnatifolia (Manza) E. Y. Dawson var. pinnatifolia

FIGURE 37A

Joculator pinnatifolius Manza, 1937:47; Manza, 1940:263, pl. 1: figs. 1, 2;
Taylor, 1945:198, pl. 61.

Corallina pinnatifolia (Manza) E. Y. Dawson, 1953a:124, pl. 9: figs.
7-13; 1961b:418; 1962¢:278; 1966a:18; Abbott and North,
1972:75; Johansen, 1976a:405, fig. 355; Huerta-Mizquiz,
1978:336; Littler and Arnold, 1982:309; Stewart, 1982:54;
Pacheco-Ruiz and Aguilar-Rosas, 1984:72, 76; L. Aguilar-Rosas et
al., 1985:125; Huerta-Miizquiz and Mendoza-Gonzélez, 1985:50;
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FIGURE 37. Species of Corallina. A. Corallina pinnatifolia var. pinnatifolia: Habit (EYD-10673, US Alg. Coll.-6998). B. Corallina polysticha:
Branch of type specimen, showing the characteristic whorled, spine-like branchlets (after Dawson 1953a, pl. 9: fig. 6). C-E. Corallina pinnati-
folia var. digitata: Details of intergenicula branch shapes (C, D, JN-3687, US Alg. Coll.; E, JN-4593, US Alg. Coll.).

Mendoza-Gonzélez and Mateo-Cid, 1985:48; Mendoza-Gonzalez

and Mateo-Cid, 1986:423; Stewart, 1991:84, fig. 5 (left); Dreck-

mann, 1991:33; Mateo-Cid et al., 1993:46; Gonzalez-Gonzalez et

al., 1996:193; Riosmena-Rodriguez and Woelkerling, 2000:329;

R. Aguilar-Rosas et al., 2005:32.

Calcified articulated fronds mostly in compact clumps, with
individual axes up to 4 cm long. Axes usually densely, pinnately
to plumosely branched; axial intergenicular segments, up to
1.0(-1.5) mm long and up to 2 mm wide, with every interge-
nicular segment bearing mostly flattened and irregularly lobed,
nonaxial indeterminate and determinate laterals. Laterals of sub-
cylindrical to compressed segments, upward becoming flattened,
usually as long as wide, up to 1.5 mm long; with a midrib and
winged. Ultimate lateral branchlets usually irregularly lanceo-
late, sometimes spatulate or awl shaped.

Tetrasporangial conceptacles usually more abundant in
lower portions of thalli; predominately terminal on modified cy-
lindrical segments, with the tips markedly swollen (appearing to

be pedicellate) or borne on flat segments or irregularly distrib-
uted and protruding on segment surfaces. Spermatangial con-
ceptacles more or less terminal on lateral branches; appearing
pedicellate with an elongated rostrum.
HABITAT. On rocks and in tide pools; intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco to
San Felipe. Eastern Pacific: Santa Cruz Island (California Chan-
nel Islands); Santa Barbara County, California, to Punta Marquez
(north of Todos Santos), Baja California Sur; Galapagos Islands.
TYPE LOCALITY. Rocky reef; Doheny State Beach,
Dana Point, Orange County, southern California, USA.
REMARKS. Riosmena-Rodriguez  and  Siqueiros-
Beltrones (1995) have questioned whether the Gulf of California
specimens belong to Corallina pinnatifolia, suggesting all Gulf
material may be C. vancouveriensis. The northern Gulf of Cali-
fornia specimens referred to Corallina pinnatifolia or to C. van-
couveriensis need to be compared to type locality material of
each of these species using morphological and molecular DNA



analyses. Until this can be done, the two species are recognized
in the northern Gulf.

Corallina pinnatifolia var. digitata E. Y. Dawson

FIGURE 37C-E

Corallina pinnatifolia var. digitata E. Y. Dawson, 1953a:125, pl. 9: figs. 14—
20, pl. 30: fig. 1; 19592:20; 1961b:418; 1966a:18; Huerta-Mizquiz,
1978:337; Mendoza-Gonzilez and Mateo-Cid, 1985:28; Huerta-
Muzquiz and Mendoza-Gonzalez, 1985:50; Mendoza-Gonzalez and
Mateo-Cid, 1985:423; Stewart, 1991:84, fig. 5; Dreckmann, 1991:33;
Gonzélez-Gonzélez et al., 1996:194; Riosmena-Rodriguez and Woelk-
erling, 2000:324.

Corallina pilulifera sensu Dawson, 1944a:275; Dreckmann, 1991:33 [non
Corallina pilulifera Postels et Ruprecht, 1840:20].

Corallina frondescens sensu Johansen, 1976a:403, fig. 353 [in part; with ref-
erence to Gulf of California only]; Littler and Littler, 1981:150, 151,
153; Mendoza-Gonzilez and Mateo-Cid, 1986:423; Dreckmann,
1991:33; Mateo-Cid et al., 1993:46; Pacheco-Ruiz and Zertuche-
Gonzilez, 2002:467; Pacheco-Ruiz et al., 2008:208 [non Corallina
frondescens Postels et Ruprecht, 1840:20].

Bossiella frondescens sensu Hollenberg and Abbott, 1966:64 [in part; refer-
ence to Gulf of California only; non Bossiella frondescens (Postels et
Ruprecht) E. Y. Dawson, 1964:540].

Calcified articulated fronds usually in compact clumps, with
individual axes up to 4 cm long. Axes densely, pinnately to plu-
mosely branched, every segment bearing lateral branches; axial
intergenicular segments up to 1 mm long and up to 2 mm wide.
Lateral segments flattened, characteristically flabellate to digitate,
up to 2 mm long. Ultimate intergenicula larger, noticeably digitate.

Tetrasporangial conceptacles usually congested, in swollen
terminal portions of modified cylindrical segments or in flattened
segments; irregularly distributed on segment surfaces; primary
conceptacles sometimes develop secondary conceptacles.

HABITAT. On rock or other hard substrates; mid to
low intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco

to Isla Turner (Turners), off SE end of Isla Tibur6n); Bahia Agua
Verde; Bahia Bocochibampo to Punta Colorado (vicinity of
Guaymas). Eastern Pacific: Punta Santa Rosaliita (“Punta Santa
Rosalia”), Baja California to Isla Magdalena (NW side of Bahia
Magdalena), Baja California Sur.

TyrPE LocCALITY. Punta Colorado, vicinity of Guay-
mas, Sonora, Gulf of California, Mexico.

REMARKS. Dawson (1966a) noted most of the Gulf
of California specimens were Corallina pinnatifolia var. digi-
tata. Although the variety C. pinnatifolia var. digitata was later
considered to be conspecific with C. frondescens (Johansen,
1976a), their relationship is in need of reexamination. North-
ern Gulf C. pinnatifolia var. digitata should also be compared
to the southern California C. pinnatifolia (Manza) E. Y. Daw-
son var. pinnatifolia (Dawson, 1953a). Riosmena-Rodriguez and
Siqueiros-Beltrones (1995) have suggested all Gulf of California
specimens identified as species of Corallina might be ecologi-
cal variants of C. vancouveriensis. For now the northern Gulf
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C. pinnatifolia var. digitata is kept separate from the Alaskan
C. frondescens (type locality: Unalaska Island in the Fox Islands
group, eastern Aleutian Islands) and from the southern Califor-
nia C. pinnatifolia var. pinnatifolia and the British Columbian
C. vancouveriensis. Studies of DNA genetic and morphological
variability might spur the monographic studies needed to test the
species limits and phylogenetic relationship of these taxa.

Corallina polysticha E. Y. Dawson
FIGURE 37B
Corallina polysticha E. Y. Dawson, 1953a:131, pl. 9: fig.6; pl. 29: fig.

2; 1961b:418; Abbott and North, 1972:75; Johansen, 1976a:405,

fig. 356; Aguilar-Rosas, 1981:93; Pacheco-Ruiz and Aguilar-Rosas,

1984:72, 76; Stewart and Stewart, 1984:143; Mendoza-Gonzilez

and Mateo-Cid, 1985:28; Mendoza-Gonzilez and Mateo-Cid,

1986:423; Stewart, 1991:84; Anderson, 1991:22; Dreckmann,

1991:33; Mendoza-Gonzilez and Mateo-Cid, 1994:51; Gonzélez-

Gonzilez et al., 1996:194; Riosmena-Rodriguez and Woelkerling,

2000:329; Riosmena-Rodriguez et al., 2005a:33.

Calcified articulated fronds, erect and stiff, usually clumped
together above a crustose base, up to 4 cm tall; axes in lower por-
tions often unbranched, up to 1.0 mm in diameter, gradually nar-
rowing in diameter upward, remaining unbranched or with a few
branches; axial intergenicula subcylindrical or only slightly com-
pressed; mostly less than 1.0 mm long. Intergenicula of secondary
branches with (2-)3-10 polystichous or verticillate branches.

Reproductive conceptacles ovoid, up to 500 pm in diameter;
subsessile or terminal on short lateral branches (appearing verti-
cillate). (Description is based on Dawson, 1953a).

HABITAT. On rocks; intertidal.

DISTRIBUTION. Gulf of California: Isla Pelicanos,
Bahia Kino. Eastern Pacific: Santa Catalina Island (California
Channel Islands) to Bahia de Ballenas, Baja California Sur; Isla
Guadalupe.

TyreE LOocALITY. About 4 km (2.5 miles) north of
South Bluff, Isla Guadalupe, off Baja California, Pacific Mexico.

REMARKS. Apparently rare in the Gulf of California,
Corallina polysticha is known in the northern Gulf only from the
report of Mendoza-Gonzélez and Mateo-Cid (1986). It is distin-
guished from other species of Corallina by its short spine-like
branchlets that are polystichous (two or more per intergenicula)
or whorled on the upper ends of the intergenicula (cf.Johansen,
1976a: fig. 356). The relationship of Gulf C. polysticha needs to
be molecularly tested with type and type locality specimens of
other Corallina species.

Corallina vancouveriensis Yendo

FIGURE 36B

Corallina vancouveriensis Yendo, 1902¢:719, pl. 54: fig. 3, pl. 55: figs. 1, 2,
pl. 56: figs. 16, 17; Dawson, 1953a:126, pl. 28: fig. 2; Dawson et al.,
1960a:56, pl. 21: figs. 2-4; Dawson, 1960a:43; 1961b:418; 1964:542;
Hollenberg and Abbott, 1966:62; Johansen, 1976a:403, fig. 357; Littler
and Littler, 1981:150; Littler and Arnold, 1982:309; Pacheco-Ruiz and
Aguilar-Rosas, 1984:72, 76; Stewart and Stewart, 1984:143; L. Aguilar-
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Rosas et al., 1985:125; Mendoza-Gonzilez and Mateo-Cid, 1985:28;

Mendoza-Gonzalez and Mateo-Cid, 1986:423; Scagel et al., 1989:169;

Sénchez-Rodriguez et al., 1989:43; R. Aguilar-Rosas et al., 1990:124;

Stewart, 1991:85, fig. 5 (right); Dreckmann, 1991:33; Mateo-Cid

et al.,, 1993:46; Mateo-Cid and Mendoza-Gonzilez, 1994b:39; R.

Aguilar-Rosas and Aguilar-Rosas, 1994:521; Mendoza-Gonzalez and

Mateo-Cid, 1994:51; Riosmena-Rodriguez and Siqueiros-Beltrones,

1995:187; Gonzalez-Gonzalez et al., 1996:194; Silva et al., 1996b:232;

Riosmena-Rodriguez and Paul-Chavez, 1997:71; Rodriguez-Morales

and Siqueiros-Beltrones, 1999:23; L. Aguilar-Rosas et al., 2000:129,

131; Paul-Chdvez and Riosmena-Rodriguez, 2000:147; Riosmena-

Rodriguez and Woelkerling, 2000:333; Cruz-Ayala et al., 2001:191;

CONANTP, 2002:139; Riosmena-Rodriguez et al., 2005a:33; Mateo-

Cid et al., 2006:56; Schubert et al., 2006:1212; Castafieda-Fernandez

de Lara et al., 2010:199, tbl. 1.

Corallina aculeata Yendo, 1902a:720, pl. 55: fig. 3, pl. 56: figs. 18, 19; Daw-

son, 1964:542.

Corallina vancouveriensis var. aculeata (Yendo) E. Y. Dawson, 1953a:128.
Corallina gracilis f. densa Collins in Collins et al., 1899: P.B.-A. exsiccati
no. 650; Collins, 1906a:112; Smith, 1944:230, pl. 50: figs. 3-5; Dreck-

mann, 1991:33.

Corallina vancouveriensis var. densa Yendo, 1902a:719, pl. 55: fig. 1, pl. 56:

fig. 17.

Corallina gracilis var. lycopodioides W. R. Taylor, 1945:200, pl. 65; Dreck-

mann, 1991:33.

Corallina vancouveriensis var. lycopodioides (W. R. Taylor) E. Y. Dawson,

1953a:129; Dreckmann, 1991:33.

Calcified articulated fronds violet to purplish, up to 10 cm
tall; loosely tufted to mostly densely, pinnate-opposite to dis-
tichous branched, often tending toward verticillate branching.
Lower axial intergenicula subcylindrical, 700-1000 pm wide
and up to 1 mm long; upper intergenicula compressed, up to 1
mm long and 1 mm wide, most bearing 2-5 branches, each up
to 2 mm long; branches of 1 or more intergenicula, each usually
with 1 or more branchlets. Ultimate branchlets (pinnae) simple,
lobed, pinnate or digitate, usually up to 1 mm long, but nar-
rower, only 100— 500 pm in diameter.

Reproductive conceptacles up to 500 pm in outside diam-
eter, terminal on short, thin pedicellate branchlets.

HABITAT. On rocks and in tide pools; intertidal to
shallow subtidal.
DISTRIBUTION. Gulf of California: Puerto Penasco

to Puertecitos; Isla Pelicanos (Bahia Kino); Puertecitos to Bahia
de La Paz. Eastern Pacific: Bering Sea and Aleutian Islands,

Alaska to Punta Lobos (near Todos Santos), Baja California Sur;
Islas Todos Santos (off Ensenada), Baja California; Rocas Alijos,
Baja California Sur; Galdpagos Islands.

Tyre LocALITY. Port Renfrew, Vancouver Island,
British Columbia, Canada.

REMARKS. The several taxonomic varieties of Coral-
lina vancouveriensis recognized by Dawson (1953a) were con-
sidered to be ecological variants of a single species by Johansen
(1976a). The relationship of Gulf specimens referred to C. van-
couveriensis to the type and to other similar species is in need
of further investigation. Gulf of California C. vancouveriensis
should be critically compared to the British Columbian C. van-
couveriensis, the Japanese Corallina confusa Yendo (1902a),
and the Japanese “Corallina X” sensu Baba et al. (1988:15),
which they said “appears to be identical with C. vancouverien-
sis” but which Yoshida (1998) later considered to be C. confusa
Yendo (1902a).

CORALLINOIDEAE TRIBUS JANIEAE

Corallinoideae tribus Janieae H. W. Johansen et P. C. Silva, 1978:414; Wom-

ersley and Johansen, 1996:296.

Calcified articulated algae of the tribe Janieae are erect
fronds that are primarily dichotomously branched and attached
by a minute to small crustose holdfast and stolon-like holdfasts.
The intergenicula are cylindrical, subcylindrical, or compressed
and may be smooth, winged, or lobed.

Sporangial conceptacles contain up to 12(~15) tetrasporan-
gia or bisporangia. Fusion cells within the carposporangial con-
ceptacles narrow and wide, to 35 pm in height, to 130 pm wide.
Spermatangial conceptacles long and narrow, lanceolate; with
spermatangia along the inner walls of chamber.

REMARKS. J. H. Kim et al. (2007), using molecu-
lar analysis and morphological data, concluded that the three
genera of the tribe, Jania, Haliptilon, and Cheilosporum (De-
caisne) Zanardini (1844a, 1844b; basionym: Amphiroa sect.
cheilosporum Descaine, 1842b), were congeneric, recogniz-
ing them as a single genus Jania. Later, Walker et al. (2009)
suggested the taxonomic status and phylogenetic relationships
of these three genera need further elucidation and should be
based on type material. For now they are recognized as separate
genera.

Two genera of tribe Janieae are represented in the northern
Gulf of California.

KEY TO THE GENERA OF CORALLINACEAE SUBFAM. CORALLINOIDEAE TRIBUS JANIEAE
IN THE NORTHERN GULF OF CALIFORNIA

la. Cylindrical to subcylindrical axes primarily dichotomously branched .......... ... ... ... ... ... .. ..... Jania
1b. Compressed main axes primarily pinnately branched, with cylindrical to subcylindrical branches ........ Haliptilon

Haliptilon (Decaisne) Lindley

Jania sect. Haliptilon Decaisne, 1842b:123, as ‘Haliptylon.’
Haliptilon (Decaisne) Lindley, 1846:26.

Articulated coralline algae, with main axes that are mostly
pinnately branched, with only a few dichotomous to subdi-
chotomous branches, arising from a crustose or stoloniferous
base. Adventitious branching is present in at least one species



(H. roseum). Intergenicula are composed of 3-8 arching tiers of
medullary cells that are often laterally fused, but without lateral
pit connections. Cortex of intergenicula, composed of photo-
synthetic cortical cells, and an outermost single surface layer of
epithallial cells. Genicula consist of a single tier of long, slender,
straight, unbranched cells that are uncalcified. Trichocytes are
present but not always evident; in surface view, trichocyte bases
are elongate, and pores often excentric.

Reproductive conceptacles, with a central pore, are devel-
oped in medullary meristems, axial and terminal on a fertile
intergeniculum. Tetrasporangial and carposporangial concepta-
cles usually have extended branchlets. Tetrasporangial concep-
tacles are swollen and develop zonately divided tetrasporangia.
Sexual thalli are dioecious. Carpogonial conceptacles contain
the supporting cells and 2-celled carpogonial filaments (carpo-
gonium with an elongated trichogyne) along its base. Carpo-
sporangia develop from short gonimoblast filaments near the
edges of a relatively thick fusion cell. Spermatangial concep-
tacles are elongate ovoid to fusiform, without branchlets, with
basal cells and spermatangial parent cells along the inside of its
high walls.

REMARKS. On the basis of their phylogenetic analy-
ses of some members of the tribe Janieae, ]J. H. Kim et al. (2007)
concluded that the genera Jania, Haliptilon, and Cheilosporum
(Descaine) Zanardini (1844a) should be merged into a single
genus, Jania, as it is the oldest validly published. Because of the
uncertain generic status of the taxon of Haliptilon in the Gulf
of California, for now it is left in that genus until its taxonomic
status can be investigated.

There is one taxon of Haliptilon reported in the Gulf of
California.

Haliptilon roseum var. verticillatum (E. Y. Dawson)

J. N. Norris, comb. nov.

Corallina gracilis var. verticillata E. Y. Dawson, 1953a:130, pl. 25: fig. 1;
1961b:418; Stewart and Stewart, 1984:143; Huerta-Muzquiz and
Mendoza-Gonzilez, 1985:50; Mendoza-Gonzilez and Mateo-Cid,
1985:28; Gonzalez-Gonzilez et al., 1996:193.

Haliptilon gracile var. verticillatum (E. Y. Dawson) Garbary et H. W. Johan-
sen, 1982:218.

Corallina subulata sensu Setchell and Gardner, 1930:179; Stewart and
Stewart, 1984:143 [non Corallina subulata J. Ellis et Solander,
1786:119; =Haliptilon subulatum (J. Ellis et Solander) H. W. Johan-
sen, 1970:79].

Algae erect, calcified, articulate, up to 4 c¢m tall; in clumps
of several main axes, subcylindrical below, compressed above,
up to 600 pm in diameter, branching to 2-3(=5) orders; lateral
branching prominent, more or less irregularly verticillate, lat-
eral branchlets densely covering main axes, mostly 4-5 cm long,
slender, attenuating upward to about 70 pm in diameter (rarely
larger than 200 pm in diameter at base).

Reproductive conceptacles; ovoid, 300-450 pm with long,
antenna-like extensions; terminal on long pedicel of ultimate
branchlets. (Description after Dawson, 1953a.)

HABITAT. On rocks; intertidal.
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DISTRIBUTION. Gulf of California: Bahia de La Paz.
Eastern Pacific: Santa Catalina Island (California Channel Is-
lands); Isla Guadalupe (off Baja California).

TyreE LocALITY. On intertidal rocks; Isla Guada-
lupe, Baja California, Pacific Mexico.

REMARKS. Reported in the southern Gulf, Halipti-
lon roseum var. verticillatum (Huerta-Muzquiz and Mendoza-
Gonzalez, 1985, as Corallina gracilis var. verticillatum) has
coarser main axes with prominent, irregular verticillate branches.
It differs from H. roseum (Lamarck) Garbary et H. W. Johansen
(1982) var. roseum as known in California (Johansen, 1976a, as
H. gracile (J. V. Lamouroux) H. W. Johansen, 1971, var. gracile),
which has main axes that are pinnately branched in more or less
distichous manner (i.e., alternately in two vertical rows on op-
posite sides of main axis).

Womersley and Johansen (1996; see also Johansen and
Womersley, 1986), in recognizing Haliptilon roseum (Lamarck)
Garbary et H. W. Johansen (1982), considered Corallina gracilis
J. V. Lamouroux (1816; basionym of H. gracilis (J. V. Lamour-
oux) H. W. Johansen, 1971) to be conspecific with the Austra-
lian Corallina rosea Lamarck (1815). Although the latter was
referred to Jania rosea (Lamarck) Decaisne (1842b; see J. H. Kim
et al., 2007:1317), Walker et al. (2009) stated that relationship
of the genera Haliptilon and Jania was in need of further study.

Herein a new combination, H. rosea var. verticillata, is pro-
posed for the Pacific Mexico variety. Comparisons of the little-
known Gulf of California material with type locality specimens
of H. roseum var. verticillata need be studied to evaluate their
generic placement and taxonomic status and phylogenetic rela-
tionship to the generitypes of Haliptilon, Corallina, and Jania.

Jania J. V. Lamouroux

Jania ]. V. Lamouroux, 1812:186.

Articulated coralline thalli are erect, heavily calcified, di-
chotomously branched throughout, and may be attached to
rocks or shells or epiphytic on other algae or sea grasses. They
are primarily attached by a minute crustose base or initially by
a crustose base and secondarily by stolons. Branching in most
species is usually dichotomous. One species, . huertae, is also
trichotomously or polychotomously branched. Branchlets or
pinnae are known in only a few taxa. Intergenicula (segments)
are calcified and usually cylindrical or occasionally subcylindri-
cal but in a few are compressed; they are usually considerably
longer than broad and are composed of arching tiers of medul-
lary cells, an outer cortex of pigmented cells, and an outermost
single layer of epithallial cells. Medullary cells are in tiers that
are all the same height. Cells are without pit connections. Tricho-
cytes are present but are not always evident; trichocyte bases are
elongate in surface view, with pores often excentric. Genicula
(joints) are uncalcified and consist of a single tier of long, straight
cells (sometimes partially covered by overlapping calcification of
intergenicula).

Vegetative propagation can occur when a thallus or portions
of the fronds become unattached and then entangled in other algae
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or may settle and continue to grow, reattaching by production
of stolons. Reproductive structures begin development from the
uppermost medullary cells. The conceptacles, with a central pore,
are terminal on the intergenicula of branch apices. Tetrasporangial
conceptacles contain fewer than 15 zonately divided sporangia that
develop from an initial stalk and immature sporangium. Game-
tangial thalli are usually dioecious, although at least one species
is monoecious. Carpogonial conceptacles have supporting cells
and carpogonial filaments, each with a single carpogonium and
an elongate trichogyne. After fertilization, gonimoblast filaments
arise from the margins of narrow thick fusion cells and bear car-
pospores. Spermatangial conceptacles are long and narrow, more
or less lanceolate (Johansen, 1972); inside chambers are 90-250

pm in diameter, with their upper walls lined with basal cells and
spermatangial parent cells and a canal up to 120 pm long.

REMARKS. Two species are reported to occur in the
southern Gulf (Dawson, 1953a, 1959a, 1961b; Huerta-Muzquiz
and Mendoza-Gonzdlez, 1985; Riosmena-Rodriguez and
Woelkerling, 2000): Jania subpinnata E. Y. Dawson (1953a),
described from La Paz, Baja California Sur, and J. pacifica Are-
schoug (1852; type locality: Huatulco, Oaxaca) from Bahia de
La Paz (Cruz-Ayala et al., 2001) and Bahia de Banderas, Nayarit-
Jalisco (Serviere-Zaragoza et al., 1993a, 1998), and in Pacific
Mexico from Michoacdn to Oaxaca (Ledn-Tejera et al., 1993).

Eight taxa, including seven species, one with a unique vari-
ety, are reported in the northern Gulf of California.

KEY TO THE SPECIES OF JANIA IN THE NORTHERN GULF OF CALIFORNIA

la. Thalli of markedly compressed intergenicula throughout

1b. Thalli of cylindrical intergenicula throughout or to only slightly compressed ......... ... ... ... ... .. ... .. 2
2a. Thalli dichotomously, subdichotomously, and trichotomously branched and sometimes polychotomously branched
(giving a whorled appearance) . ... ... v it e e J. buertae
2b. Thalli dichotomously branched throughout . ... ... . e e 3
3a. Thalli decussately dichotomously branched; branch angles wide, mostly greater than 45°; branch intergenicula (seg-
ments) 60-180 pm in dIameEter . . ...ttt e e e 4
3b. Thalli not decussately branched; branch angles narrower, mostly less than 45°, but up to about 30°; branch intergenicula
(segments) mostly 120-200 pum in diAMETEr .« . oo v vt vttt et et e e e e e e S
4a. Branch angles wide, 60°-90°; branch intergenicula (segments) mostly 60-100 pm in diameter; mostly 5-6 times longer
than wide, 300-600 pm in length ... ... e J. capillacea
4b. Branch angles also wide, up to or often greater than 45°; branch intergenicula wider in diameter, mostly 120-180 pm;
about 2.5-5.0 times longer than wide, 300-900 pminlength ........ ... ... ... ... .... J. decussato-dichotoma
5a. Branch angles mostly less than 30°; branch intergenicula 120-200 pm in diameter; 2-5 times longer than wide, 240-
700(=1000) in length . ..ottt e e e J. adhaerens
5b. Branch angles usually narrow; intergenicula 60-200 pm in diameter, 2.5-11 times longer than wide ............. 6
6a. Branching not densely dichotomous; branch intergenicula very long, 611 times longer than wide, 720-1650 pm in
length; mostly wider in diameter, 120-150 (—210) pm in diameter . ...........ovuievrenenennnnnn.. J. longiarthra
6b. Branching more or less densely subdichotomous in upper portions; branch intergenicula shorter in length, 1-5 times
longer than wide, about 100-600(-800) pm in length; usually narrower in diameter, 60-150 pm in diameter ...... 7
7a. Branch intergenicula narrow, 60-120 pm in diameter; mostly 2.5-5.0 times longer than wide, 150-600 pm in length;
tetrasporangial conceptacles terminal (not conspicuously or predominately seriate) ........... J. tenella var. tenella
7b. Branch intergenicula 120-150(-200) pm in diameter; mostly 1-2 times longer than wide, 120-150 in diameter in upper
portions and 170-205 pm in lower portions; tetrasporangial conceptacles seriate .. .. ................ J. mexicana

Jania adbaerens ]. V. Lamouroux

FIGURES 38, 39A

Jania adhaerens ]. V. Lamouroux, 1816:270; Yendo, 1902a:24, pl. 3: fig.
4; pl. 7: fig. 5; Setchell and Gardner, 1930:179; Dawson, 1961b:
419; Huerta-Muzquiz and Tirado-Lizdrraga, 1970:128; Johansen,
1971:247; Abbott and North, 1972:76; Johansen, 1976a:418, fig.
370 [in part, excluding J. decussato-dichotomal; Littler and Ar-
nold, 1982:309; Huerta-Muzquiz and Mendoza-Gonzélez, 1985:50;
Stewart, 1991:86; Sidnchez-Rodriguez et al., 1989:43; Mateo-Cid
and Mendoza-Gonzélez, 1991:20; Dreckmann, 1991:33; Mateo-Cid
and Mendoza-Gonzilez, 1992:20; Mendoza-Gonzilez and Mateo-
Cid, 1992:18; Leon-Tejera and Gonzédlez-Gonzalez, 1993:496;
Serviere-Zaragoza et al., 1993a:484; Mateo-Cid et al., 1993:46;

Mateo-Cid and Mendoza-Gonzilez, 1994b:39; Mendoza-Gonzalez
et al., 1994:106; Gonzalez-Gonzilez et al., 1996:413; Anaya-Reyna
and Riosmena-Rodriguez, 1996:864, tbl. 1; Riosmena-Rodriguez
and Paul-Chavez, 1997:71; Yoshida, 1998:566; Serviere-Zaragoza
et al., 1998:174; Riosmena-Rodriguez et al., 1998:28; Rodriguez-
Morales and Siqueiros-Beltrones, 1999:23; Johansen, 1999:187,
fig. 187; L. Aguilar-Rosas et al., 2000:131; Riosmena-Rodriguez
and Woelkerling, 2000:320; Mateo-Cid et al., 2000:64; Cruz-Ayala
et al., 2001:191; CONANP, 2002:139; Herniandez-Herrera et al.,
2005:148; Serviere-Zaragoza et al., 2007:10; Pacheco-Ruiz et al.,
2008:208; Castafieda-Fernandez de Lara et al., 2010:200; Fernandez-
Garcia et al., 2011:62.
Corallina adhaerens (J. V. Lamouroux) Kiitzing, 1858:40, pl. 83: fig. 2a—f.
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FIGURE 38. Jania adhaerens: A. Habit, epiphytic on Sargassum (JN-3632, US Alg. Coll.). B. Upper branches showing uncalcified genicula

(joints) between intergenicula (JN ¢ HW/]-73-7-12, US Alg. Coll.).

Articulated coralline algae, small and erect; forming di-
chotomously branched brittle turfs, usually less than 2 cm tall;
above a crustose base, and secondarily attached by creeping, rhi-
zomatous basal segments with lateral discoid holdfasts. Branch
apices generally acute angles, mostly less than 30°. Intergenicula
(segments) heavily calcified, cylindrical, sometimes slightly flat-
tened at branch dichotomies; mostly 100-200 pm in diameter
and (240-)300-700(-1000) pm in length.

Tetrasporangial conceptacles vase shaped, surmounted with
swollen branches, 200-300 pm in outside diameter and 300-350
pm in length. Carposporangial conceptacles similar to tetraspo-
rangial conceptacles in outer appearance. Male conceptacles dif-
ferent; long and narrow and not surmounted by branches.

HABITAT. Epiphytic or on hard surfaces, such as
rocks, and in tide pools; intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Punta Los Frailes; Mazatldn, Sinaloa to Jalisco. Eastern Pa-
cific: southern California to Todos Santos, Baja California Sur;
Isla Guadalupe; Isla Socorro (Islas Revillagigedo); Colima;

Oaxaca; Ecuador. Central Pacific: Hawaiian Islands. Western
Pacific: China; Japan; Korea; Vietnam.

Tyre LoOCALITY. “Méditerranée?” (Lamouroux,
1816:270); locale was stated with doubt as “Mediterranean
Sea?” (see Silva et al., 1996a; Lipkin and Silva, 2002).

REMARKS. Yendo (1902a) noted that the original de-
scription of Jania adhaerens J. V. Lamouroux (1816) could also
apply to his J. decussato-dichotoma Yendo (1905) as well. Since
then, the distinctiveness of these two has been questioned by
some ( e.g., Johansen, 1971; Yoshida, 1998), and Price and Scott
(1992) have considered J. decussato-dichotoma conspecific with
J. adhaerens. Others have continued to recognize them as sepa-
rate species, e.g., Dawson (1953a) and Silva et al. (1987, 1996a).

Many of the Gulf specimens of Jania adhaerens and
J. decussato-dichotoma are very close, making distinctions be-
tween the two in the Gulf difficult and raising the question of
whether the Gulf of California has one or both species. For exam-
ple, those of the upper Gulf from Puerto Pefiasco (Dawson, 1966a,
as J. decussato-dichotoma) are similar enough morphologically
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FIGURE 39. Branching pattern and branch width variation in species of Jania: A. Jania adhaerens (JN-3529, US Alg. Coll.). B. Jania crassa
(drawn from type specimen, CN). C. Jania longiarthra (EYD-18920, US Alg. Coll.-8022). D. Jania capillacea (drawn from type specimen,
TCD). E. Jania longiarthra (drawn from type specimen, AHFH, now UC). F. Jania mexicana (drawn from type specimen, MICH).




to agree with the broadly defined species concept of J. adhae-
rens sensu Johansen (1976a). However, until detailed studies of
the Gulf material can be compared to the types and type locality
specimens of the Mediterranean J. adhaerens and the Japanese J.
decussato-dichotoma, the two are kept separate.

Jania capillacea Harvey

FIGURES 8A, 39D

Jania capillacea Harvey, 1853:84; Taylor, 1945:195; Dawson, 1953a:116,
pl. 9: fig. 1; Tanaka, 1956:57, fig. 6; Dawson, 1957a:4; 1957¢:20;
1959a:22; 1961b:419; 1966a:17; Chavez-Barrear, 1972b:269;
Huerta-Muzquiz and Garza-Barrientos, 1975:8, 11; Huerta-Muizquiz,
1978:338; Littler and Littler, 1981:151, 153; Schnetter and Bula-
Meyer, 1982:130, pl. 20: fig. C, pl. 21: fig. A; Stewart and Stewart,
1984:144; Salcedo-Martinez et al., 1988:83; Dreckmann, 1991:33;
Le6n-Tejera and Gonzalez-Gonzalez, 1993:496; Serviere-Zaragoza et
al., 1993a:484; Stout and Dreckmann, 1993:12; Gonzailez-Gonzilez
et al., 1996:320, 398; Yoshida, 1998:567; Serviere-Zaragoza et al.,
1998:174; Riosmena-Rodriguez and Woelkerling, 2000:322; Mateo-
Cid et al., 2006:56; Bernecker, 2009:CD-Rom p. 59; Fernandez-Garcia
etal., 2011:62.

Jania rubens sensu Dawson, 1944a:277 [in part; non Jania rubens (Linnaeus)
J. V. Lamouroux, 1816:272; basionym: Corallina rubens Linnaeus,
1758:806].

Articulated coralline algae forming short tufts, mostly less
than 1.0 cm tall; branching dichotomously or sometimes more
or less decussate; branch angles very wide, 60°-90°; attached by
a disc, secondary attachment discs often found on portion of
branches in contact with substratum. Intergenicula (segments)
cylindrical, 50-100 pm in diameter (ultimate branches usually
more slender), (240-)300-600(-=1000) um in length.

Asexual reproduction by triangular propagules, 150-200
pm in diameter, with long antenna-like branches from each upper
corner (Dawson, 1953a: pl. 9: fig. 1). Reproductive conceptacles
apparently rare. Tetrasporangial conceptacles, terminal, about
300 pm wide, upper end rostrate or with 2-3 antenna-like
branches.

HABITAT. Usually growing among other turf algae,
sometimes on rocks or epizoic on sponges; intertidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Isla Angel de la Guarda to Cabo San Lucas; Nayarit to Jalisco.
Eastern Pacific: Isla Guadalupe; Isla Cedros; Isla Socorro (Islas
Revillagigedo); Isla Clipperton; Baja California to Guerrero; El
Salvador; Costa Rica; Panama; Colombia; Ecuador; Galdpagos
Islands.

TyrE LocALITY. Bahia Honda Key (Bahia Honda
State Park), Florida Keys, Monroe County, Florida, USA.

REMARKS. Although Jania capillacea is generally rec-
ognized as a distinct species (e.g., Wynne, 2005), Cribb (1983)
and Price and Scott (1992) have considered it to be conspecific
with J. adhaerens. The relationship of Gulf of California J. capil-
lacea to Gulf . adhaerens and to the type material of each these
species needs to be tested.
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Jania decussato-dichotoma (Yendo) Yendo

Corallina decussato-dichotoma Yendo, 1902a:25, pl. 3: figs. 1-3; pl. 7: figs.
3, 4; Yendo, 1902b:194.

Jania decussato-dichotoma (Yendo) Yendo, 1905:37; Dawson, 1953a:117,
pl. 27: fig. 3; 1959a:22; 1961b:419; 1966a:17; Johansen, 1971:247;
Abbott and North, 1972:72; Huerta-Muzquiz, 1978:337; Huerta-
Miizquiz and Mendoza-Gonzalez, 1985:50; Mendoza-Gonzilez and
Mateo-Cid, 1986:423; Dreckmann, 1991:33; Gonzalez-Gonzalez et al.,
1996:229; Riosmena-Rodriguez and Paul-Chavez, 1997:71; Riosmena-
Rodriguez and Woelkerling, 2000:323.

Jania rubens sensu Dawson, 1944a:277 [in part; non Jania rubens (Linnaeus)
J. V. Lamouroux, 1816:272; basionym: Corallina rubens Linnaeus,
1758:806].

Articulated coralline algae forming dense tufts, 1-2 cm tall, 1.0
cm or more wide; branching irregularly decussate-dichotomous;
branch angles usually wide, mostly over 45°. Intergenicula cylin-
drical, mostly 120-180 um in diameter, about 2.5-5.0 times lon-
ger than wide (250-900 pm long). Branch apices blunt.

Tetrasporangial conceptacles infrequent, terminal, 210-300
pm in diameter, urn shaped, slightly rostrate, with or without
antenna-like extensions.

HABITAT. On rocks or other hard substratum; some-
times on sponges; intertidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco to
Punta Los Frailes; Jalisco. Eastern Pacific: San Diego, California.

TyPE LocCALITY. Three syntype localities in Japan
were listed by Yendo (1902a): Miskai (Kanagawa Prefecture),
Honshii Island; Province Boshii (Chiba Prefecture), Honshi
Island; and Province Hiuga (Hyuga) (Miyazaki Prefecture),
Kyash Island.

REMARKS. Jania decussato-dichotoma has been con-
sidered a synonym of J. adhaerens (Johansen, 1971), but others
continue to recognize them as separate (e.g., Silva et al., 1996a;
Riosmena-Rodriguez and Woelkerling, 2000; Guiry and Guiry,
2008-2010). (See also Remarks under Jania adhaerens.)

Jania huertae Chavez-Barrear
FIGURE 40
Jania huertae Chéavez-Barrear, 1972a:133, figs. 1-5; Dreckmann, 1991:33;

Gonzdlez-Gonzdlez et al., 1996:320; Riosmena-Rodriguez and Woelk-

erling, 2000:326.

Articulated coralline algae, 1.5-2.0 c¢m tall; branching di-
chotomous to subdichotomous, trichotomous, or sometimes
polychotomous (appearing verticillate); branch angles up to 45°.
Intergenicula cylindrical, 50-60 pm in diameter, 5-7 times lon-
ger than wide, 250-360 (-420) pm in length. Some branches fla-
gelliform, of 20-22 narrow intergenicula, basally 30-40 pm in
diameter, decreasing upward to 10 pm or less in diameter.

Tetrasporangia unknown. Carposporangial conceptacles
330 pm long, 170 pm wide; variable in position, sometimes ter-
minal or at base of branches. Spermatangia unknown.

HABITAT.
intertidal.

Growing with other turf-forming algae;
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FIGURE 40. Jania huertae (type): A. Subdichotomous branch. B. Trichotomous branching. C. Typical branching
pattern (after Chavez-Barrear, 1972a: figs. 2, 4, 5).
DISTRIBUTION. Gulf of California: Isla Pelicanos, Ortega et al. (2001) could not confirm its presence in Caribbean
Bahia Kino. Mexico.

TyreE LOcCALITY. Southeast of Isla Pelicanos, near
Bahia Kino, Sonora, Gulf of California, Mexico.

REMARKS. Jania huertae was described from the
northern Gulf of California, where thus far it is only known
from the type specimen. Chavez-Barrear (1972a) noted that
some western Atlantic material from Yucatin, Gulf of Mexico,
was also in agreement with the type specimen, commenting that
the species has a wider distribution. Although J. huertae was
reported from Quintana Roo (M. Aguilar-Rosas et al., 1998),

Jania longiarthra E. Y. Dawson

FIGURE 39C,E

Jania longiarthra E. Y. Dawson, 1953a:119, pl. 9: fig. 4, pl. 27: fig. 4;
1957¢:20; 1959a:22; 1959d:4; 1961b:420; Abbott and North,
1972:76; Pedroche and Gonzalez-Gonzilez, 1981:66; Anderson,
1991:29; Dreckmann, 1991:33; Serviere-Zaragoza et al., 1993a:484;
Gonzdlez-Gonzdlez et al., 1996:229; Riosmena-Rodriguez and Paul-
Chavez, 1997:71; Paul-Chavez and Riosmena-Rodriguez, 2000:147;



Riosmena-Rodriguez and Woelkerling, 2000:326; Hernandez-Herrera

et al., 2005:148; Mateo-Cid et al., 2006:56; Bernecker, 2009:CD-Rom

p- 59; Ferndndez-Garcia et al., 2011:62.

Articulated coralline algae, erect, up to 2.5 cm tall, forming
coarse tufts; usually densely dichotomously branched, sometimes
irregularly decussate; branching at very narrow angles (much less
than 30°); arising from a crustose base. Intergenicula cylindrical
or occasionally compressed where branches arise, unconstricted,
with smooth surfaces; (150-)200-500 pm in diameter, about
6-11 times longer than wide (720-5500 pm in length). Genicula
120-150(-210) pm long, about 125-260 pm in diameter.

Reproductive conceptacles not known.

HABITAT. Growing among other turf algae; mid to
low intertidal.
DISTRIBUTION. Gulf of California: Puerto Pefiasco

to Guaymas; Isla Carmén to Isla Espiritu Santo; Nayarit to
Jalisco. Eastern Pacific: Punta Banda (Baja California); Clip-
perton Island (ile de la Passion); Costa Rica.

TyrE LocALrTy. Bahia San Gabriél, Isla Espiritu
Santo, Baja California Sur, Gulf of California, Mexico.

REMARKS. Originally described from the southern
Gulf, Jania longiarthra has since been reported in the upper Gulf
(Mateo-Cid et al., 2006). It differs from other species of Jania re-
ported in the Gulf by its characteristically very long intergenicula
(segments) and narrow angles of branching (Dawson, 1953a).
A single Pacific Baja California specimen, from Bahia Sebastian
Vizcaino, was tentatively referred to J. longiarthra by Dawson
(1953a). It has also been reported in the Indian Ocean (Silva et
al., 1996a). Specimens of Gulf J. longiarthra can resemble the
California Jania crassa J. V. Lamouroux (sensu Johansen, 1976a;
Stewart, 1991), and their relationship to each other and espe-
cially to the type of J. crassa (Figure 39B; type locality: Dusky
Sound, New Zealand) requires further study.

Jania mexicana W. R. Taylor

FIGURE 39F

Jania mexicana W. R. Taylor, 1945:197, pl. 60 [type specimen]; Dawson,
1953a:119; 1961a:420; Huerta-Mtizquiz and Tirado-Lizarraga,

1970:128; Huerta-Muzquiz, 1978:339; Huerta-Muzquiz and

Mendoza-Gonzilez, 1985:50; Mendoza-Gonzilez and Mateo-Cid,

1986:423; Salcedo-Martinez et al., 1988:83; Gonzalez-Gonzilez et al.,

1996:229; Riosmena-Rodriguez et al., 2005a:34; Serviere-Zaragoza et

al., 2007:10.

Articulated coralline algae forming small, erect, dense tufts,
about 1.5-2.3 c¢m tall; subcorymbose; axes terete, intergenicular
segments cylindrical, 240-425 pm long, 170-205 pm in diam-
eter in lower portions, narrowed in upper portions, 120-150 pm
in diameter; branch apices rounded.

Tetrasporangial conceptacles ovoid, about 300 pm in diam-
eter, with two uppermost horn-like projections, later develop-
ing into antenna-like branchlets of 1 to several segments; each
can repeatedly produce additional conceptacles, forming 1-4
successive dichotomous divisions, making the reproductive
branch more divergent than the vegetative branches. Cystocarpic
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branches not known. Spermatangial thalli of narrow branch an-
gles; spermatangial conceptacles ellipsoidal, elongate, 450-600
pm in length, 240-280 pm in diameter, with terminal acute api-
ces (not antenna-like); spermatia fusiform, about 5 pm long, 2
pm in diameter. (Description after Dawson, 1953a).

HABITAT. Growing on rocks or sometimes attached
to barnacles; intertidal.
DISTRIBUTION. Gulf of California: Segundo Cerro

Prieto to Roco Rojo, Bahia Kino; Isla Tiburén and Estero Punta
Perla (on Isla Tiburdn); Bdhia de La Paz; Mazatldn, Sinaloa to
Jalisco. Eastern Pacific: Bahia de Ballenas, Baja California Sur;
Colima to Oaxaca; Islas Revillagigedo.

TyPE LocALITY. Bahia de Petatlan, vicinity of Zi-
huatanejo, Guerrero, Pacific Mexico.

REMARKS. Apparently more common on the tropical
mainland coast of Pacific Mexico, Jania mexicana has also been
reported in the northern Gulf by Mendoza-Gonzélez and Mateo-
Cid (1986). A densely tufted species, the successive compound-
ing of the tetrasporangial conceptacles is apparently unique to J.
mexicana (Dawson, 1953a). Since I have not seen their collections,
the description is based on Taylor (1945) and Dawson (1953a).

Jania mexicana (Figure 39F: isotype, MICH), described
from Bahia de Petatlin, Guerrero (15°34'N, 101°29'W), needs
critical comparison with another Pacific Mexico species, J. pa-
cifica Areschoug (1852), described from Huatulco, Oaxaca
(15°78'N, 96°27"W). Silva et al. (1987) had earlier considered
these two to be conspecific, and their relationship needs to be
further tested.

Jania tenella (Kiitzing) Grunow var. tenella

Corallina tenella Kiitzing, 1858:41, pl. 85: fig. 2; Grunow, 1867:78 [as “Cor-
allina (Jania) tenella™].

Jania tenella (Kiitzing) Grunow, 1874:42; Dawson, 1949b:25; 1953a:120,
pl. 9, fig. 3 [isotype branch of Corallina tenella Kiitzing]; 1957a:6;
1959a:22; 1959d:4; Dawson et al., 1960b:7; Dawson, 1961b:420;
1966a:17; Abbott and North, 1972:76; Johansen, 1976a:418, fig.
372; Devinny, 1978:360; Huerta-Muzquiz, 1978:339; L. Aguilar-
Rosas, 1981:93; Stewart and Stewart, 1984:144; Huerta-Muzquiz
and Mendoza-Gonzalez, 1985:50; Santelices and Abbott, 1987:8;
Sadnchez-Rodriguez et al., 1989:43; Dreckmann et al., 1990:30;
Martinez-Lozano et al., 1991:24; Ramirez and Santelices, 1991:208;
Mateo-Cid and Mendoza-Gonzilez, 1991:20; Dreckmann, 1991:33;
Mateo-Cid and Mendoza-Gonzilez, 1992:20; Mendoza-Gonzalez
and Mateo-Cid, 1992:18; Serviere-Zaragoza et al., 1993a:484; Le6n-
Tejera et al., 1993:200; Stout and Dreckmann, 1993:12; Mendoza-
Gonzilez et al.,, 1994:106; Mendoza-Gonzilez and Mateo-Cid,
1994:51; Ledn-Alvarez and Gonzalez-Gonzélez, 1995:363; Gonzalez-
Gonzdlez et al., 1996:229; Silva et al., 1996b:232; Anaya-Reyna
and Riosmena-Rodriguez, 1996:864, tbl. 1; Serviere-Zaragoza et al.,
1998:174; L. Aguilar-Rosas et al., 2000:131; Riosmena-Rodriguez
and Woelkerling, 2000:331; Cruz-Ayala et al., 2001:191; L. Aguilar-
Rosas et al., 2002:234; Lopez et al., 2004:12; Hernandez-Herrera et
al., 2005:148; Silva and Chacana, 2005:110, fig. 5; Mateo-Cid et al.,
2006:56; Schubert et al., 2006:1212; Serviere-Zaragoza et al., 2007:10;
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Bernecker, 2009:CD-Rom p. 59; Castafieda-Fernandez de Lara et al.,

2010:200; Fernandez-Garcia et al., 2011:62.

Jania rubens sensu Setchell and Gardner, 1930:179 [non Jania rubens (Lin-
naeus) J. V. Lamouroux, 1816:272; basionym: Corallina rubens Lin-
naeus, 1758:806].

Articulated coralline algae forming dense tufts of con-
gested branches, 1.0-2.0 cm tall, usually epiphytic, occasionally
on rocks; branching dichotomous, at narrow angles; attached
by a usually inconspicuous disc. Intergenicula cylindrical (or
sometimes with lower intergenicula very slightly compressed),
60-100(-120) pm in diameter, mostly 2.5-5.0 times longer than
wide, 150-600(-720) pm in length.

Tetrasporangial and carposporangial conceptacles, urn
shaped, up to 250 pm in diameter, with long extensions from
prominent shoulders. Spermatangial conceptacles, elongate ellip-
soidal, about 300 pm in length, 150 pm in diameter.

HABITAT. Epiphytic on various algae, often covering
much of the host; occasionally on rocks; mid to low intertidal.

DISTRIBUTION. Gulf of California: Punta Gorda
(Gulfo de Santa Clara) to Puerto Pefiasco; Bahia de La Paz to
Cabo Pulmo; Mazatldn, Sinaloa to Jalisco. Eastern Pacific: Santa
Catalina Island (California Channel Islands); southern Califor-
nia to Bahia Magdalena, Baja California Sur; Rocas Alijos; Isla
San Benedicto (Islas Revillagigedo); Colima to Guerrero; Costa
Rica; Chile; Rapa Nui (Easter Island; Isla de Pascua). Western
Pacific: Japan.

TyPE LOCALITY. Syntype localities: “in sinu neapoli-
tano et ad oras mexicanas” (Kutzing, 1858:41). Lectotype local-
ity: Golfo di Napoli, Italy, given by Dawson (1953a; Silva et al.,
1996a), and later Mexico, cited by South and Skelton (2003).

REMARKS. Jania tenella is apparently restricted to the
warmer subtropical waters of the Gulf of California.

Jania tenella var. zacae E. Y. Dawson
Jania tenella var. zacae E. Y. Dawson, 1953a:121, pl. 8: fig. 3, pl. 31: fig.

15 1957¢:20; 1961b:420; 1962d:394; Anderson, 1991:30; Leon-

Alvarez and Gonzélez-Gonzalez, 1995:363; Gonzélez-Gonzalez et al.,

1996:230; Serviere-Zaragoza et al., 1998:174; Riosmena-Rodriguez

and Woelkerling, 2000:333; Bernecker, 2009:CD-Rom p. 59;

Fernandez-Garcia et al., 2011:62.

Articulated coralline algae forming small epiphytic tufts of
several erect, branched thalli, up to 1-2 cm tall; arising on a small
discoid base, up to 1 mm in diameter. Dichotomously branched
at very narrow angles; branch intergenicula compressed to flat-
tened throughout, 130-160 pm wide, 2.0-2.5 times longer than
wide, about 250-460 pm in length; upper branches narrower,
70-100 pm wide, about 140-250 pm long.

Tetrasporangial conceptacles urn shaped, slightly com-
pressed, about 300 pm wide; rostrate, with a simple or forked
antenna-like branch from each upper shoulder. Carpogonial
conceptacles unknown. Spermatangial conceptacles, more or less
cylindrical, ellipsoid, about 150 pm in diameter, 300 pm long;
terminal on branches, without antenna-like branches.

HABITAT. On Padina and possibly other algae; intertidal.

DISTRIBUTION. Gulf of California: Isla San Ilde-
fonso (off Gulf coast of Baja California Sur, northeast of Punta
Pulpito). Eastern Pacific: Punta Malarrimo (Bahia Sebastian Viz-
caino), Baja California Sur; Zihuatanejo, Guerrero; Costa Rica;
Nicaragua.

TyPE LOoCALITY. Epiphytic on Padina; Bahia Piedra
de Blanca, Pacific Costa Rica.

REMARKS. Jania tenella var. zacae is included since it
may occur in the northern Gulf and to call attention to the need
to investigate its taxonomic status. Its segments are markedly
compressed, thus differing from those of . tenella var. tenella,
which are primarily terete.

CORALLINACEAE SUBFAM. AMPHIROIDEAE

Corallinaceae subfam. Amphiroideae H. W. Johansen, 1969a:47; Garbary
and Johansen, 1987:1-10; D. S. Choi and Lee, 1988:111, figs. 1-9;
Womersley and Johansen, 1996:283.

Algae are erect, of terete to compressed, usually dichoto-
mous or subdichotomous (or occasionally whorled) articulated
branches composed of genicula (uncalcified joints) that alternate
with longer intergenicula (calcified segments) and arise above a
crustose holdfast. Intergenicula and genicula in Amphiroa are
similar in structure; the medulla is of laterally adjoined filaments
in one or more tiers of cells; there are secondary pit connections
between medullary cells, but cell fusions are absent, and the cor-
tex of calcified intergenicula cells is a single tier of short cells
separated by two to seven tiers of longer cells in Amphiroa.

Life histories are of isomorphic sporophytes and gameto-
phytes. Bisporangia and zonately divided tetrasporangia are pro-
duced in urn-shaped or embedded conceptacles. Gametophytes
are monoecious or dioecious, with axial or lateral conceptacles.
Carpogonial filaments are two-celled, borne on the conceptacle
floor. Carposporangia are terminal on short gonimoblast fila-
ments developed from the basal fusion cell. Spermatangia are on
short filaments arising the from the floor or sides of conceptacle
chamber.

REMARKS. Corallinaceae subfam. Amphiroideae is
separated on the basis of characteristics of Amphiroa (Johan-
sen, 1969b, 1981). The C. subfam. Amphiroideae may be dis-
tinguished from the C. subfam. Corallinoideae (which includes
Corallina and Jania) by characteristics that are mostly evident
by microscopic study (Johansen, 1969a, 1981), i.e., the presence
of secondary pit connections, medullary tiers of varying heights,
intergenicula that often have several tiers, a unique mode of de-
velopment of tetrasporangial conceptacles (Johansen, 1968),
the form of spermatangial conceptacles, and other characteris-
tics. In addition to the macroscopic and microscopic characters
of Amphiroa, D. S. Choi and Lee (1988) proposed that struc-
tures observed by scanning electron microscopy are also useful
diagnostic characters at the subfamily level. They observed an
“Amphiroa-type” thallus surface of epithallial concavities sepa-
rated by smooth, flat calcified cell walls and observed trichocytes
in the cell wall region to apparently have a simple pore and lack



a differentiated base, in contrast to the distinctive trichocyte base
found in Corallina-type and Jania-type (Garbary and Johansen,
1982). Recognization of the subfamily Amphiroidese is prob-
lematic. Cabioch (1972, 1988) considered this subfamily to be
the same as C. subfam. Lithophylloideae, placing Amphiroa in
Lithophylloideae tribe Amphiroeae Cabioch (1972:266), and ge-
netic analyses of Bailey (1999) also seemingly supports their of
distinctiveness.

Until further investigations can be completed, the subfamily
is tentatively recognized. It is well represented by members of
one genus in the Gulf of California.

Amphiroa J. V. Lamouroux

Amphiroa ]. V. Lamouroux, 1812:185.

Calcified articulated algae that are erect or recumbent, com-
posed of numerous cylindrical, compressed or flattened inter-
genicula (segments frequently considerably longer than broad)
that are separated from one another by much shortened uncal-
cified genicula (joints). Thalli are branched irregularly, dichoto-
mously or subdichotomously and arise from a base attached to
rocks or other hard surfaces by a crustose holdfast or by an endo-
phytic peglike holdfast. Medullary cells of the intergenicula are in
tiers of varying heights. Trichocytes in surface view are rounded.
Cortex of the medulla is made up of short, smaller cells, sharply
delimited from the longer medulla cells. Cells are attached later-
ally to each other by secondary pit connections. The genicula con-
sist of 1 to several medullary tiers, corticated to varying extents.

Conceptacles are usually borne on surfaces and margins of
the intergenicula but are reported to be basal in at least one.
Tetrasporangia and bisporangia are either developed only in the
periphery or center of the sporangial conceptacle chamber, or, in
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some, from both the periphery and center. Sporangial pore canal
of some may have large block cells, but these are not present in
others. Carposporangial filaments, producing carposporangia,
are developed either from the margins or the entire surface of the
fusion cell in the basal region of the chamber floor. Spermatan-
gial conceptacles are usually low and broad, with spermatangia
produced on the chamber floor.

REMARKS. Emphasizing the importance of the de-
velopment of reproductive conceptacles in Amphiroa, Rosas-
Alquicira et al. (2013) found different patterns of development
of the sporangial and gametangial conceptacles to be diagnostic
for species within the genus. They also described the reproduc-
tive development in more detail for several of the species, in-
cluding four from the Gulf of California.

Superficially, some small species of Gulf Ampbhiroa, e.g.,
A. valonioides, may sometimes resemble some members of Jania,
but upon examination with a hand magnifying lens their distinc-
tions become clear. Although both are dichotomously branched,
the genicula (joints) and positions of the conceptacles differ. Re-
productive conceptacles are on the intergenicula (segments) sur-
faces and margins in Amphiroa and at the apices in Jania.

Five taxa have been reported in the southern Gulf from
Sinaloa to Jalisco (Mateo-Cid and Mendoza-Gonzélez, 1992;
Mendoza-Gonzédlez and Mateo-Cid, 1992, 1994; Serviere-
Zaragoza et al., 1993a; Mendoza-Gonzilez et al., 1994;
Riosmena-Rodriguez and Woelkerling, 2000): Amphiroa com-
pressa Me. Lemoine (1930), A. compressa var. tenuis W. R. Tay-
lor (1945), A. foliacea ]. V. Lamouroux (1824), A. polymorpha
Me. Lemoine (1930), and A. currae Ganesan (1971; note that
this last record is questioned by Serviere-Zaragoza et al., 1993a).

Currently nine species of Amphiroa are recognized in the
northern Gulf of California.

KEY TO THE SPECIES OF AMPHIROA IN THE NORTHERN GULF OF CALIFORNIA

la. Calcified intergenicula (segments) distinctly compressed (never or rarely cylindrical) ........ ... ... ... ... .... 2

1b. Calcified intergenicula (segments) cylindrical to subcylindrical throughout . ........ ... .. ... . i i, 6

2a. Fronds recumbent, spreading, and irregularly branched; intergenicula irregularly shaped, variable in size up to 7 mm long

and3-4mmwide ......... . . ..

..................................... A. misakiensis

2b. Fronds erect, clumps, regularly branched; intergenicula less than T mmwide ......... .. ... .. .. ... ... ... 3
3a. Intergenicula cylindrical to subcylindrical or slightly compressed, mostly less than 1 mm in diameter (700-1200 pm);

genicula (noncalcified joints) of 3=5 tiers of medullary cells . .. ... .. o i 4
3b. Intergenicula more than 1 mm wide; genicula (noncalcified joints) of 6 or more tiers of medullary cells ........... 5

4a. Intergenicula cylindrical to subcylindrical, 0.8-1.2 mm in diameter, of more or less similar diameter throughout, but

irregular in lengths, segments (0-)1.5-4.0 times as long as wide, not often forked; genicula dark, conspicuous .......

....................................... A. mexicana

4b. Intergenicula cylindrical to slightly compressed, 0.5-1.0 mm in diameter, intergenicular segments more than 4 (sometimes

up to 10) times long as wide; more frequently forked; genicula apparent (but not as dark) ... .. A. beauvoisii (in part)

5a. Intergeniculaupto3mmlong ....................
5b. Intergenicula more than S mmlong ................
6a. Intergenicula more than 1 mm in diameter; genicula consisting of 5 or more tiers of medullary cells

..................................... A. brevianceps
.................................. A. magdalenensis

... A. vanbosseae

6b. Intergenicula less than 1 mm in diameter; genicula consisting of 4 or fewer tiers of medullary cells .............. 7

7a. Intergenicula less than 0.5 mm in diameter; genicula of 1 tier of medullary cells ................... A. valonioides

7b. Intergenicula 0.5-1 mm in diameter; genicula of 2 or more tiers of medullary cells .. ......................... 8
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8b.
9a.

9b.
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Fronds mostly 2—-12 cm tall, branched more or less in 1 plane; genicula of 3-5 tiers of medullary cells ..............
........................................................................... A. beauvoisii (in part)
Fronds less than 2 c¢m tall; genicula of 2 tiers of medullary cell ...... ... . . . i i .. 9
Branching alternately pinnate to irregular; rigid branches irregular placed, mostly not formed at the genicula, and usually
at wide angles; genicula cells imbricated; intergenicula more or less straight, 500-1000 pm, of similar diameter through-
OUL & e e et e e e e e e e e e e e e e e e e e e e e e e A. rigida
Branched multifariously or pinnately to irregularly in lower portions, and unbranched to sparsely dichotomous in upper
portions; genicula cells blunt (not imbricated); intergenicula 250-450 pm in diameter, usually crooked and not uniform

Indiameter . ....... i

Ampbhiroa beauvoisii J. V. Lamouroux

FIGURE 41

Amphiroa beawvoisii ]. V. Lamouroux, 1816:299; Hamel and Lemoine,
1953:42, fig. 7 [text], pl. 5: figs. 1, 7; Dawson, 1957c:18; 1961b:420;
Norris and Johansen, 1981:6, figs. 1a, 2, 3, 4a—, 5, 7b, 14b, 15b;
Johansen, 1981:70, fig. 12A; Stewart and Stewart, 1984:144; Nor-
ris, 1985d:208; Lewis and Norris, 1987:18; Garbary and Johansen,
1987:3, figs. 7, 14, 15; Stewart, 1991:80; Ramirez and Santelices,
1991:195; Dreckmann, 1991:33; Mateo-Cid et al., 1993:46; Ledn-
Tejera et al., 1993:200; Serviere-Zaragoza et al., 1993a:482; Stout and
Dreckmann, 1993:12; Mateo-Cid and Mendoza-Gonzilez, 1994b:39;
Mendoza-Gonzilez and Mateo-Cid, 1994:51; Mendoza-Gonzilez
et al., 1994:106; Ledén-Alvarez and Gonzalez-Gonzélez, 1995;363;
Gonzélez-Gonzélez et al., 1996:301; Anaya-Reyna and Riosmena-
Rodriguez, 1996:864, tbl. 1; Riosmena-Rodriguez and Siqueiros-
Beltrones, 1996:137, figs. 2-5; Riosmena-Rodriguez and Paul-Chévez,
1997:71; Serviere-Zaragoza et al., 1998:171; Abbott, 1999:177, figs.
44A,B, 45A; Rodriguez-Morales and Siqueiros-Beltrones, 1999:23;
L. Aguilar-Rosas et al., 2000:130; Mateo-Cid et al., 2000:64; Paul-
Chdvez and Riosmena-Rodriguez, 2000:147; Riosmena-Rodriguez
and Woelkerling, 2000:321; Cruz-Ayala et al., 2001:190; CONANP,
2002:139; L. Aguilar-Rosas et al., 2002:234; Pacheco-Ruiz and
Zertuche-Gonzalez, 2002:467; Abbott et al., 2002:302; Lopez et al.,
2004:10; R. Aguilar-Rosas et al., 2005:32; Riosmena-Rodriguez et
al., 2005a:33; Mateo-Cid et al., 2006:51, 55; Serviere-Zaragoza et al.,
2007:9; Y.-P. Lee, 2008:181, figs. A-D; Mateo-Cid et al., 2008:8, figs.
1-17, 22-44; Pacheco-Ruiz et al., 2008:208; Rosas-Alquicira et al.,
2008:129; Bernecker, 2009:CD-Rom p. 59; Castafieda-Ferndndez de
Lara et al., 2010:199; Rosas-Alquicira et al., 2013:698, figs. 3-6, 8, 10,
15-19, 25-26, 28-31, 33, 39, 52, tbls. 1, 2.

Amphiroa zonata Yendo, 1902a:10, pl. 1: figs. 11-14, pl. 4: fig. 9; Daw-
son, 1944a:276; 1953a:146; 1959a:22; Dawson et al., 1960a:44, pl.
23: fig. 6; Dawson, 1961b:421; 1966a:18; Abbott and North, 1972:75;
Johansen, 1976a:400, fig. 349; Devinny, 1978:360; Murata and Ma-
saki, 1978:403, figs. 3-7, 18, 26, 27; Littler and Littler, 1981:151;
Littler and Arnold, 1982:309; Stewart and Stewart, 1984:144; Tseng,
1983:86, pl. 46: fig. 4; Mendoza-Gonzilez and Mateo-Cid, 1985:26;
Mendoza-Gonzilez and Mateo-Cid, 1986:422; Sdnchez-Rodriguez et
al., 1989:42; Martinez-Lozano et al., 1991:24; Gonzalez-Gonzilez et
al., 1996:173; Yoshida, 1998:538, fig. 3-14C-F; Riosmena-Rodriguez
and Woelkerling, 2000:333; Schubert et al., 2006:1212; Bernecker and
Wehrtmann, 2009:225.

Amphiroa peninsularis W. R. Taylor, 1945:188, pl. 48: fig. 1; Norris and Jo-
hansen, 1981:6; Salcedo-Martinez et al., 1988:83; Anderson, 1991:15;
Riosmena-Rodriguez and Woelkerling, 2000:328.

........................................ A. taylorii

Amphiroa drouetii E. Y. Dawson, 1953a:140, pl. 27, figs. 5, 6; 1959a:21;
1961b:420; 1966a:18; Huerta-Miizquiz and Garza-Barrientos, 1975:8;
Huerta-Muzquiz, 1978:339; Martinez-Lozano et al., 1991:24.

Ampbhiroa franciscana var. robusta E. Y. Dawson, 1953a:150; 1961b:421;
1966b:59; Anderson, 1991:15; Gonzalez-Gonzilez et al., 1996:171,
383; Riosmena-Rodriguez and Woelkerling, 2000:330.

Amphiroa linearis sensu Hariot, 1895:169; Ledn-Tejera and Gonzélez-
Gonzilez, 1993:496; Gonzilez-Gonzalez et al., 1996:171, 382 [non
Ampbhiroa linearis Kiitzing, 1858:22, pl. 46: fig. 2a—<].

Amphiroa pusilla sensu Dawson, 1944a:276 [in part; non Amphiroa pusilla
Yendo, 1902a:13].

Amphiroa crosslandii sensu Dawson, 1953a:149; 1954d:136; 1957a:7;
1961b:420; Mendoza-Gonzalez and Mateo-Cid, 1986:422; Salcedo-
Martinez et al., 1988:83; Dreckmann, 1991:33; Gonzailez-Gonzalez
et al., 1996:170 [non Amphiroa crosslandii Me. Lemoine, 1929a:50;
Tittley et al., 1984:5].

Fronds 1.5-4.0(-6) cm high, usually more or less erect and
open, sometimes in compact, pulvinate clumps; attached by a crus-
tose disc to hard substratum. Branching dichotomous to irregular,
more or less in 1 plane; branch intergenicula sometimes Y-shaped
dichotomies, sometimes separated by 1 or more unbranched inter-
genicula. Intergenicula near base cylindrical to subcylindrical, up
to 1.2(-1.7) mm in diameter and 2-3(—4) mm long. Mid to upper
intergenicula cylindrical, subeylindrical, or compressed (especially
near branch apices); mostly 0.5-1.0 mm broad and 3-5(-10) mm
long; becoming more terete with age because of cortical thickening.
Genicula between intergenicula barely visible externally because of
covering calcification; becoming visible by cracking and slough-
ing of calcified cortical cells overlying their uncalcified 3-5 tiers of
medullary cells and irregularly disposed patches of cortical cells.

Reproductive conceptacles scattered over intergenicular
surfaces, protruding slightly. Tetrasporangial and bisporangial
conceptacles 150-250(-300) pm inside diameter, 95-150 pm
tall; tetrasporangia (40-)60-65 pm tall, 25-35 pm in diameter;
bisporangia 40-80 pm tall, 22-40(-45) pm in diameter. Sporan-
gial conceptacle canal with large block cells; sporangia only in
periphery of cavity floor (Rosas-Alquicira et al., 2013: fig. 8).
Carpogonial filaments develop from entire surface of fusion cell.
Basal cells of spermatangial conceptacle form by basal division
of cavity cells; each basal cell produces 2 spermatangial parent
cells that develop simple spermatangial filaments; spermatan-
gia release spermatia into conceptacle chamber (after Rosas-
Alquicira et al., 2013).

HABITAT. On rocks and tidal platforms and in tide
pools; mid intertidal to shallow subtidal.
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FIGURE 41. Amphiroa beauvoisii, branch variability: A. Fronds from a single clump. B. A single branch (A, B, [N & HW]-73-7-3, US

Alg. Coll.).

DISTRIBUTION. Gulf of California: Piedras de la Sa-
lina (Gulfo de Santa Clara) to Cabo San Lucas; Mazatlan, Sinaloa
to Jalisco. Islas Marias (Islas Tres Marias). Eastern Pacific: Santa
Catalina Island (California Channel Islands) to Playa Los Cerri-
tos, Baja California Sur; Isla Socorro (Islas Revillagigedo); Rocas
Alijos; Jalisco to Oaxaca; Costa Rica to Ecuador; Galapagos Is-
lands; Chile. Central Pacific: Hawaiian Islands. Western Pacific:
China; Taiwan; Korea; Japan; Vietnam.

TyPE LOoCALITY. Coast of Portugal (Harvey et al.,
2009).

REMARKS.
ogies, Amphiroa beauvoisii, A. drouetii, and A. zonata were con-
sidered to be conspecifc by Norris and Johansen (1981); since
then, most have continued to recognize A. beauvoisii in the Gulf
of California (Riosmena-Rodriguez and Siqueiros-Beltrones,
1996; Riosmena-Rodriguez and Woelkerling, 2000; Mateo-Cid
etal., 2006, 2008; Rosas-Alquicira et al., 2013). Others have rec-
ognized the western Pacific A. zonata (syntype localities: Misaki,
Shimoda, and Sunosaki, Japan), the eastern Atlantic A. beauvoi-
sii (type locality: Portugal) (e.g., Tseng, 1983; Silva et al., 1987;
Yoshida, 1998), and the northern Gulf of California A. drouetii
(type locality: Isla Turner, off Isla Tibur6n) as separate species
(Mendoza-Gonzdilez and Mateo-Cid, 1986; Salcedo-Martinez
et al., 1988; Sanchez-Rodriguez et al., 1989; Mateo-Cid and
Mendoza-Gonzilez, 1991; 1992; Mendoza-Gonzalez and

Primarily on the basis of similar morphol-

Mateo-Cid, 1992; Gonzalez-Gonzalez et al., 1996). Differences
have been observed in sporangial conceptacles of species pre-
sumed to be the same or related. Sporangia were only on the
periphery of the chamber floor in A. beauvoisii from the Gulf of
California (Rosas-Alquicira et al., 2013) and the eastern Atlantic
from the Azores (Rosas-Alquicira et al., 2011); whereas sporan-
gia were found in the center and periphery of the chamber floor
in Japanese A. zonata (Murata and Masaki, 1978). For now,
until they can be molecularly tested using type materials, those
in the Gulf of California are treated as a single species.

Upper Gulf specimens referred to “Amphiroa franciscana
W. R. Taylor” from Bahia Kino (Mendoza-Gonzalez and Mateo-
Cid, 1986) should be reexamined to determine if that species is
present in the northern Gulf or if they may belong here as well.

Amphiroa brevianceps E. Y. Dawson

Amphiroa brevianceps E. Y. Dawson, 1953a:142, pl. 31: fig. 2; Daw-
son et al., 1960b:16; Dawson, 1961b:420; Norris and Johansen,
1981:12, figs. 1b, 6, 9 [type specimen]; Mendoza-Gonzélez and
Mateo-Cid, 1986:422; Sanchez-Rodriguez et al., 1989:42; Ander-
son, 1991:14; Mateo-Cid and Mendoza-Gonzalez, 1991:19; Dreck-
mann, 1991:33; Mendoza-Gonzélez and Mateo-Cid, 1992:17;
Serviere-Zaragoza et al., 1993a:482; Ledn-Tejera et al., 1993:200;
Leon-Tejera and Gonzilez-Gonzalez, 1993:496; Mendoza-
Gonzélez et al., 1994:106; Mateo-Cid and Mendoza-Gonzilez,
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1994a:51; Gonzailez-Gonzilez et al., 1996:169, 382; Riosmena-

Rodriguez and Siqueiros-Beltrones, 1996:140; Serviere-Zaragoza

et al., 1998:171; L. Aguilar-Rosas et al., 2000:130; Riosmena-

Rodriguez and Woelkerling, 2000:322.

Calcified articulated fronds in small, densely branched
clumps, up to 4 cm high. Branching more or less regularly di-
chotomous, in 1 plane. Intergenicula near base subterete or flat
and up to 2 mm broad, in upper parts flat, short, and broad, up
to 3 mm broad, usually less than 4 mm long, not differentiated
(lack midrib and wings). Genicula externally prominent, uncalci-
fied, dark colored, bracketed by calcified extensions of the adja-
cent intergenicula, 6 or more tiers of cells per geniculum.

Tetrasporangial and carposporangial conceptacles scattered
over intergenicular surfaces (Dawson, 1953a); protruding above
intergenicular surface, mostly 300-400 pm in diameter, with a
small ostiole. Spermatangial conceptacles not reported.

HABITAT. On rocks and tidal platforms; low inter-
tidal to shallow subtidal.
DISTRIBUTION. Gulf of California: El Coloradito to

Guaymas; Punta Los Frailes; Mazatldn, Sinaloa to Jalisco. East-
ern Pacific: Punta San Hipolito, Baja California to Bahia Magda-
lena Baja California Sur; Colima to Oaxaca.

TyrPE LocALITY. On rocky shore just east of Salina
Cruz, Oaxaca, Pacific Mexico.

REMARKS. On the basis of morphological compari-
sons, Amphiroa brevianceps was considered to be conspecific
with another flattened species also reported in the Gulf of Cali-
fornia, the Japanese A. misakiensis (Riosmena-Rodriguez and
Siqueiros-Beltrones, 1996). Although both have 5 or more tiers
of medullary cells in the genicula, they can be separated by other
features: A. brevianceps is erect and mostly regularly branched,
with similar sized intergenicula throughout, 1.5-3.0 mm wide;
A. misakiensis is recumbent, irregularly branched, and polymor-
phic, with irregularly shaped intergenicula that are variable in
size, up to 7 mm long and mostly 3-4 mm wide. Until compara-
tive molecular analyses are completed on Gulf specimens and the
Japanese type of A. misakiensis to test their taxonomic status,
they are herein recognized as separate taxa.

Amphiroa magdalenensis E. Y. Dawson
Amphiroa magdalenensis E. Y. Dawson, 1953a:143 [as “magdalensis™],
pl. 30: fig. 2; 1959a:21; 1961b:421; Huerta-Mizquiz and Tirado-

Lizarraga, 1970:128; Norris and Johansen, 1981:13, figs. 1c, 6, 10b

[type specimen]; Stewart and Stewart, 1984:144; Sanchez-Rodriguez

et al.,, 1989:42; Anderson, 1991:15; Dreckmann, 1991:33; Leén-

Tejera and Gonzédlez-Gonzalez, 1993:496; Gonzalez-Gonzilez et al.,

1996:171; Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:137;

Riosmena-Rodriguez and Woelkerling, 2000:326.

Calcified articulated fronds forming loose tufts, up to 5 cm
high. Branching sparsely, dichotomous or irregular. Intergenicula
terete near base, others becoming markedly flattened, 1.0-2.5
mm broad, 3-6 times as long, (3-)7.5-15 mm in length. Genic-
ula conspicuous because of broken out pieces of adjacent inter-
genicula in center of branch; up to or more than 10 cellular tiers
per geniculum.

Tetrasporangial conceptacles scattered on intergenicular
surfaces, usually more on one side than the other; sexual thalli
not encountered in the Gulf of California.

HABITAT. Shallow subtidal.

DISTRIBUTION. Gulf of California: Isla de Tortuga
(about 24.1 km or 15 mi NE of Isla San Marcos) to Isla San
Ildefonso; Punta Palmilla; Mazatldn. Eastern Pacific: Isla Gua-
dalupe; Punta Abreojos to Isla Santa Margarita (west of Bahia
Almejas), Baja California Sur; Golfo de Tehuantepec, Oaxaca.

TyPE LOCALITY. Punta Entrada, Isla Magdalena
(west side of Bahia Magdalena), Baja California Sur, Pacific
Mexico.

REMARKS. Amphiroa magdalenensis is one of the
compressed species with characters similar to A. misakiensis,
and both have been considered to be conspecific by Riosmena-
Rodriguez and Siqueiros-Beltrones (1996). For now the two are
recognized as separate species until molecular studies are done to
test the relationship of Gulf A. magdalenensis to Pacific Mexico
(type locality) A. magdalenensis and Japanese A. misakiensis.

Amphiroa mexicana W. R. Taylor
Ampbhiroa mexicana W. R. Taylor, 1945:189, pl. 47; Dawson, 1961b:421;

Huerta-Muzquiz and Tirado-Lizarraga, 1970:128; Chavez-Barrear,

1972b:269; Huerta-Muzquiz, 1978:339; Norris and Johansen,

1981:12, fig. 7a [type specimen]; Huerta-Mtzquiz and Mendoza-

Gonzilez, 1985:50; Mendoza-Gonzilez and Mateo-Cid, 1985:26;

Mendoza-Gonzilez and Mateo-Cid, 1986:422; Salcedo-Martinez et

al., 1988:83; Dreckmann et al., 1990:30, pl. 5: figs. 5, 6; Riosmena-

Rodriguez and Siqueiros-Beltrones, 1996:137; Anderson, 1991:15;

Dreckmann, 1991:33; Mateo-Cid and Mendoza-Gonzilez, 1992:20;

Mendoza-Gonzalez and Mateo-Cid, 1992:18; Serviere-Zaragoza et

al., 1993a:483; Stout and Dreckmann, 1993:13; Leon-Tejera et al.,

1993:200; Ledn-Tejera and Gonzélez-Gonzélez, 1993:496; Mendoza-

Gonzilez and Mateo-Cid, 1994:51; Gonzilez-Gonzilez et al.,

1996:171; Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:137;

Riosmena-Rodriguez and Woelkerling, 2000:327; Tejada, 2003:11;

Hernandez-Herrera et al., 2005:147.

Amphiroa peninsularis sensu Taylor, 1945:188 [in part: Guerrero specimens

only; non Amphiroa peninsularis W. R. Taylor, 1945:188].

Calcified articulated fronds, erect, up to 7 cm tall; densely
dichotomously, much branched; intergenicula cylindrical to
compressed of similar diameter throughout, 800-1200 pm in
diameter; branch tips truncate, 500 pm (or more) in diameter
(often faint zonal banding visible); intergenicula lengths variable,
1.5-3.2 mm long, about (0-)1.5-4.0 times as long as wide; ge-
nicula dark colored (easily visible), of 4 tiers of medullary cells;
branching at intervals of 1-3 segments, with branch angles usu-
ally less than 45°; arising from small crustose base. Intergenicula
with relatively thick cortex of 3-5 layers of very small cells; with
age, increasing up to 6-7 layers and cortical cells elongate anti-
clinally; multilayered medulla of 3-5 tiers of long cells alternat-
ing with a single tier of short cells.

Tetrasporangial and carposporangial conceptacles slightly
elevated, about 250 pm in diameter, single pore, about 35 pm
in diameter flush with conceptacle surface. Tetrasporangia,



40-60 pm long borne among paraphyses on cavity floor. Car-
pospores subspherical, 2528 pm in diameter. Spermatangial con-
ceptacles not known.

HABITAT. On rocks, mostly in exposed rocky habi-
tats; intertidal.
DISTRIBUTION. Gulf of California: Isla Pelicanos

and Roca Roja, Bahia Kino; Bahia de La Paz; Sinaloa to Jalisco.
Eastern Pacific: Baja California; Guerrero to Oaxaca.

TyreE LocarLrTy.
Mexico.

REMARKS. Amphiroa mexicana W. R. Taylor (1945)
is included herein on the basis of its report in the northern Gulf
(Mendoza-Gonzdlez and Mateo-Cid, 1986). Dawson (1953a)
observed it to be locally abundant on the tropical mainland
coasts of Pacific Mexico. Although similar to A. zonata, A.
mexicana can be distinguished by its shorter intergenicula and

Bahia Petatldn, Guerrero, Pacific

more prominent genicula. Norris and Johansen (1981) suggested
it may be conspecific with A. beauvoisii, and it was later treated
as a synonym by Riosmena-Rodriguez and Siqueiros-Beltrones
(1996). The taxonomic status of the northern Gulf A. mexicana
and its relationships to Pacific Mexico A. mexicana, Eastern At-
lantic A. beauvoisii, and Japanese A. zonata from their type lo-
calities need to be molecularly tested.

Amphiroa misakiensis Yendo

FIGURE 42

Amphiroa misakiensis Yendo, 1902a:14, pl. 1: figs. 24, 25, pl. 6: fig. 1;
Yendo, 1902b:6; Norris and Johansen, 1981:15, figs. 1d, 6, 11, 12a,
13a, 15c [lectotype illustration]; D. S. Choi and Lee, 1988:112, figs.
4, 8; Riosmena-Rodriguez and Siqueiros-Beltrones, 1991:8; Serviere-
Zaragoza et al., 1993a:483; Leon-Tejera et al., 1993:200; Le6n-Tejera
and Gonzailez-Gonzalez, 1993:496; Mateo-Cid et al., 1993:46; Stout
and Dreckmann, 1993:13; Mendoza-Gonzalez and Mateo-Cid, 1994:51
Mateo-Cid and Mendoza-Gonzilez, 1994b:39; Mendoza-Gonzilez
et al, 1994:106; Ledén-Alvarez and Gonzalez-Gonzélez, 1995:363;
Gonzélez-Gonzdlez et al., 1996:171, 383; Anaya-Reyna and Riosmena-
Rodriguez, 1996:864, tbl. 1; Riosmena-Rodriguez and Siqueiros-
Beltrones, 1996:140, figs. 20-24 [in part]; Riosmena-Rodriguez and
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Paul-Chévez, 1997:71; Yoshida, 1998:534, fig. 3-13A-F; L. Aguilar-
Rosas et al., 2000:130; Mateo-Cid et al., 2000:64; Paul-Chavez and
Riosmena-Rodriguez, 2000:147; Riosmena-Rodriguez and Woelk-
erling, 2000:327; Cruz-Ayala et al., 2001:190; CONANP, 2002:139;
Pacheco-Ruiz and Zertuche-Gonzilez, 2002:467; Lopez et al.,
2004:10; Riosmena-Rodriguez et al., 2005a:33; Hernandez-Herrera et
al., 2005:147; Mateo-Cid et al., 2006:51, 55; Serviere-Zaragoza et al.,
2007:9; Pacheco-Ruiz et al., 2008:208; Y.-P. Lee, 2008:187, figs. A-C;
Fernandez-Garcia et al., 2011:60; Rosas-Alquicira et al., 2013:698,
figs. 9, 11-13, 20-24, tbls. 1, 2.

Amphiroa pusilla sensu Dawson, 1944a:276 [in part; not Amphiroa pusilla
Yendo, 1902a:13].

Amphiroa dimorpha sensu Taylor, 1945:192, pl. 55; Dawson, 1953a:141;
1957¢:19; Dawson et al., 1960a:44 pl. 23: fig. 5; 1960b:16; Dawson,
1961b:420; 1961c:411; Dawson et al., 1964:47; Dawson, 1966a:18;
Huerta-Muizquiz, 1978:337, 339; Pedroche and Gonzéilez-Gonzélez,
1981:66; Tittley et al., 1984:5; Mendoza-Gonzélez and Mateo-Cid,
1986:422; Salcedo-Martinez et al., 1988:83; Sanchez-Rodriguez et
al., 1989:42; Dreckmann et al., 1990:30; Mateo-Cid and Mendoza-
Gonzilez, 1991:19; Dreckmann, 1991:33; Mendoza-Gonzilez and
Mateo-Cid, 1992:17; Mateo-Cid and Mendoza-Gonzilez, 1992:20;
Leon-Tejera et al., 1993:200; Serviere-Zaragoza et al., 1993a:482;
Mendoza-Gonzilez et al., 1994:106; Mateo-Cid and Mendoza-
Gonzélez, 1994b:39; Mateo-Cid et al., 2000:64; Riosmena-Rodriguez
and Woelkerling, 2000:324; Hernandez-Herrera et al., 2005:147 [non
Amphiroa dimorpha Me. Lemoine, 1930:76].

Ampbhiroa dimorpha var. digitiformis E. Y. Dawson, 1959a:21, as “digiti-
forme”; 1961b:420; Espinoza-Avalos, 1993:333; Gonzélez-Gonzélez et
al., 1996:170; Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:140;
Riosmena-Rodriguez and Woelkerling, 2000:324.

Fronds up to 4 cm tall; erect or more or less recumbent;
branching dichotomous to trichotomous, but this pattern often

obscure when adventitious branches arise irregularly from in-
tergenicula; with flat and rounded apices; attached by discoid
crustose holdfast. Intergenicula near base small and subcylindri-
cal; in upper parts of fronds flat, irregularly shaped, size varying
greatly but usually 3-4 mm wide and up to 7 mm long; of 2-6
rows of long cells alternating with 1 short cell; cortex of 23-25

FIGURE 42. Amphiroa misakiensis: A. Irregular branching patterns (/N-3674, US Alg. Coll.). B. Branches with conceptacles (JN-3684 US Alg.
Coll.). C. Numerous small branches arising from some of the large flat intergenicula (JN-5102, US Alg. Coll.).
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squarish cortical cells; trichocytes rare. Genicula developed by
cracking and sloughing of calcified cortical tissue overlying ge-
nicular tissue; composed of 5-8 tiers of cells, with patches of
uncalcified cortical tissue.

Conceptacles immersed in cortex scattered over uppermost
intergenicula surfaces (or lowermost according to Dawson,
1953a:142) and protruding; verrucose appearance to branch in-
tergenicula with gametangia; pore formed by coalition of two
roof filaments. Tetrasporangial and bisporangial conceptacles
oblong, (175-)200-300 pm inside diameter; with scattered pa-
raphyses. Sporangial conceptacle canal with large block cells
(Rosas-Alquicira et al., 2013); sporangia in center and periph-
ery of cavity floor. Carposporangial conceptacles oblong to ver-
rucose, up to 200 pm inside diameter; carpogonial filaments
develop from margins of fusion cell (Riosmena-Rodriguez and
Siqueiros-Beltrones, 1996) or its entire surface (Rosas-Alquicira
et al., 2013). Spermatangial conceptacles verrucose, 75-125 pm
inside diameter; spermatangia simple, borne on cavity floor.

HABITAT. Low intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Cabo San Lucas; Mazatldn, Sinaloa to Jalisco; Isla Maria
Cleofa (Islas Marias; Islas Tres Marias). Eastern Pacific: Isla Ce-
dros (Baja California); Chester Islets (NE of Punta Falsa), Bahia
Sebastidn Vizcaino to Todos Santos, Baja California Sur; Isla
Socorro and Isla San Benedicto (Islas Revillagigedo); Jalisco to
Oaxaca; El Salvador to Costa Rica; Panama; Peru. Western Pa-
cific: Japan; Korea.

TyrE LocALiTy.
Prefecture, Honsht, Japan.

REMARKS.
brevianceps.

Misaki, Sagami Bay, Kanagawa

See also Remarks wunder Amphiroa

Amphiroa rigida ]J. V. Lamouroux

Amphiroa rigida J. V. Lamouroux, 1816:297, pl. 11: fig. 1; Yendo, 1902a:6,
pl. 1: figs. 5, 6, pl. 4: fig. 4; Norris and Johansen, 1981:19, figs. 1e,
6a, 14a, 14c; Garbary and Johansen, 1987:3, fig. 10; Mateo-Cid et
al., 1993:46; Serviere-Zaragoza et al., 1993a:483; Ledn-Tejera et al.,

1993:200; Stout and Dreckmann, 1993:13; Mateo-Cid and Mendoza-

Gonzilez, 1994b:39; Mendoza-Gonzilez and Mateo-Cid, 1994:51;

Mendoza-Gonzilez et al., 1994:106; Gonzalez-Gonzilez et al.,

1996:302; Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:137,

figs. 6-9; Riosmena-Rodriguez and Paul-Chévez, 1997:71; Yoshida,

1998:537; Abbott, 1999:178, figs. 44D, 45C; Paul-Chivez and

Riosmena-Rodriguez, 2000:147; Riosmena-Rodriguez and Woelker-

ling, 2000:330; CONANP, 2002:139; Lopez et al., 2004:10; Mateo-

Cid et al., 2006:51, 55; Serviere-Zaragoza et al., 2007:9; Bernecker

and Wehrtmann, 2009:225; Fernandez-Garcia et al., 2011:60; Rosas-

Alquicira et al., 2013:698, fig. 48, tbl. 2.

Amphiroa rigida var. antillana Borgesen, 1917:182, figs. 171-173; Riosmena-

Rodriguez and Siqueiros-Beltrones, 1996:137; Riosmena-Rodriguez

and Woelkerling, 2000:321.

Fronds up to 3 cm high, erect and isolated or sometimes in
more or less erect clumps; attached by crustose holdfast. Branch-
ing alternately pinnate to irregular, sometimes dichotomous, and
usually at wide angles, branch junctions usually not coinciding

with genicula; branches with rounded apices. Intergenicula mostly
cylindrical, occasionally subcylindrical, 0.4-1.0 mm diameter and
variable in length; of 1-3 rows of long cells alternating with 1 row
of short cells; cortex of 6 tiers of rounded cortical cells. Genicula
often nearly invisible in young parts of fronds, becoming visible by
separation of adjacent calcified segments; of 2 tiers of medullary
cells, without cortication; cell wall ends mostly imbricate.

Tetrasporangial and bisporangial conceptacles embedded in
cortex of the intergenicula, oblong cavities, 150-175 pm inside
diameter, with scattered paraphyses; sporangia in center and pe-
riphery of chamber floor; chamber pore canal with block-shaped
cells. Gametangial conceptacles embedded in the cortical cells
of intergenicular margins; protruding, giving surface a verrucose
appearance; with pores developed in cavity roof by repeated up-
ward divisions of cortical cells, coalescing upward. Carpogonial
conceptacles oblong to elliptical, 100-150 pm inside diameter;
carpogonial filaments develop from entire surface of fusion cell.
Spermatangial conceptacles oblong, 150-160 pm inside diam-
eter; spermatangia simple, borne on cavity floor.

HABITAT. On rocks; mid intertidal to shallow subtidal.

DISTRIBUTION. Gulf of California: Puerto Pefiasco;
Bahia Concepcién to Cabeza Ballena; Mazatldn, Sinaloa to
Jalisco; Isla Maria Magdalena (Islas Marias; Islas Tres Marias).
Eastern Pacific: Playa Los Cerritos (south of Todos Santos), Baja
California Sur; Isla Socorro and Isla San Benedicto (Islas Revil-
lagigedo); Jalisco to Michoacdn; Costa Rica; Nicaragua. Central
Pacific: Hawaiian Islands. Western Pacific: Japan.

TyrE LoOcCALITY. Mediterranean Sea (“Mediterra-
nee”; Lamouroux, 1816:297).

REMARKS. Some smaller specimens of Gulf Amphiroa
rigida could be confused with A. valonioides. Amphiroa rigida
may be distinguished from A. valonioides by its rigid branches,
which are irregular placed and usually not formed at the genic-
ula, as in other species of Gulf Amphiroa. Also A. rigida is the
only species of Amphiroa in the Gulf with unique imbricate end
walls of the genicular cells (cf. Norris and Johansen, 1981: fig.
14c¢). Reproductive and vegetative anatomy of Mediterranean
specimens of A. rigida was studied by Suneson (1937). The Gulf
A. rigida should be morphologically and molecularly tested with
Mediterranean type material of A. rigida to resolve its phyloge-
netic and taxonomic status.

Amphiroa taylorii E. Y. Dawson

Amphiroa taylorii E. Y. Dawson, 1953a:138, pl. 26: fig. 1 [type speci-
men]; 1954b:137; 1957c:19; 1959a:22; 1961b:421; 1966a:18;
Huerta-Muzquiz and Tirado-Lizarraga, 1970:128; Huerta-Miizquiz
and Garza-Barrientos, 1975:8, 11; Mendoza-Gonzilez and Mateo-
Cid, 1986:422; Sanchez-Rodriguez et al., 1989:42; Mateo-Cid and
Mendoza-Gonzilez, 1991:19; Anderson, 1991:15; Mendoza-Gonzailez
and Mateo-Cid, 1992:18; Serviere-Zaragoza et al., 1993a:483;
Gonzdlez-Gonzdlez et al., 1996:172; Riosmena-Rodriguez and
Siqueiros-Beltrones, 1996:137; Riosmena-Rodriguez and Woelkerling,
2000:331; Bernecker, 2009:CD-Rom p. 59.

Amphiroa annulata sensu Taylor, 1945:188 [in part; Isla Socorro material
only; non Amphiroa annulata Me. Lemoine, 1930:78].



Algae of tufts, up to 1.5 cm tall, of erect, more or less
straight to curved axes; unbranched to sparsely dichotomously
branched above; irregular, multifariously or pinnately branched
below axes from a crustose base. Axes and branches cylindri-
cal, 250-450 m in diameter, intergenicula usually crocked, not
uniform in diameter throughout (portions irregular in diameter);
cortex of 6-8 cortical cell layers. Intergenicula (2-)6-15 times
longer than wide (500-)1200-5000 pm in length; prominently
constricted at genicula. Genicula usually of 2 tiers of medul-
lary cells; cell ends may be imbricated (cf. Norris and Johansen,
1981: fig. 14c).

HABITAT. On rocks; intertidal to shallow subtidal,
down to 2 m depths.
DISTRIBUTION. Gulf of California: Puerto Pefiasco

to Puerto Escondido; Cabeza Ballena; Nayarit to Jalisco; Isla
Maria Magdalena (Islas Marias; Islas Tres Marias). Eastern Pa-
cific: Bahia Magdalena, Baja California Sur; Isla Socorro (Islas
Revillagigedo); Jalisco to Colima; Costa Rica.

TyrE LOCALITY. On intertidal rocks; Bahia Braith-
waite, Isla Socorro, Islas Revillagigedo, Pacific Mexico.

REMARKS. Dawson (1959a) noted southern Gulf Anmz-
phiroa taylorii were more regularly dichotomously branched than
the Pacific Mexico type specimen and had cylindrical branches
with constricted two-tiered genicula with smooth cells wall ends.

Amphiroa taylorii has been considered a synonym of
A. rigida, another species with two tiers of genicular cells (Nor-
ris and Johansen, 1981; Riosmena-Rodriguez and Siqueiros-
Beltrones, 1996). Although the imbricate nature of the genicula
cell wall ends was used to separate A. rigida (Norris and Johan-
sen, 1981), Riosmena-Rodriguez and Siqueiros-Beltrones (1996)
noted their southern Gulf specimens of A. rigida to have both
smooth and imbricate cell wall ends in the genicula. The rela-
tionship of these two species should be reconsidered. Critical
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morphologically and molecular studies are needed that compare
Gulf specimens with type locality materials of A. taylorii and
A. rigida to resolve their taxonomic status.

Amphiroa valonioides Yendo

FIGURE 43

Amphiroa valonioides Yendo, 1902a:5, pl. 1: figs. 1-3, pl. 4: fig. 1; Nor-
ris and Johansen, 1981:20, figs. 1f, 6, 12d, 13b, 15a, 16, 17 [lecto-
type]; Johansen, 1981:68: fig. 10C; Stewart, 1982:54; Stewart and
Stewart, 1984:144; D. S. Choi and Lee, 1988:112, figs. 9A-D;
Dreckmann, 1991:33; Leon-Tejera et al., 1993:200; Mateo-Cid et
al., 1993:46; Serviere-Zaragoza et al., 1993a:483; Mateo-Cid and
Mendoza-Gonzilez, 1994b:39; Mendoza-Gonzilez and Mateo-Cid,
1994:51; Mendoza-Gonzalez et al., 1994:106; Gonzilez-Gonzalez
et al, 1996:172, 384; D. S. Choi and Lee, 1996:269, figs. 3-4;
Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:136, figs. 2-5;
Riosmena-Rodriguez and Paul-Chdvez, 1997:71; Yoshida, 1998:537;
Serviere-Zaragoza et al., 1998:171; Abbott, 1999:180, figs. 44E, 45D;
L. Aguilar-Rosas et al., 2000:130; Mateo-Cid et al., 2000:64; Paul-
Chavez and Riosmena-Rodriguez, 2000:147; Riosmena-Rodriguez
and Woelkerling, 2000:332; Cruz-Ayala et al., 2001:190; CONANP,
2002:139; Pacheco-Ruiz and Zertuche-Gonzilez, 2002:467; Abbott
et al., 2002:302; Lopez et al., 2004:10; Mateo-Cid et al., 2006:51,
55; Serviere-Zaragoza et al., 2007:9; Pacheco-Ruiz et al., 2008:208;
Castafieda-Fernandez de Lara et al., 2010:199; Fernandez-Garcia et al.,
2011:60; Rosas-Alquicira et al., 2013:698, tbl. 2.

Amphiroa annulata Me. Lemoine, 1930:78, fig. 34, pl. 4: fig. 1; Taylor,
1945:188; Dawson, 1953a:136, pl. 29: fig. 3; 1959a:20; 1961b:420;
1966a:18; Chévez-Barrear, 1972b:269; Stewart, 1982:54; Tittley et al.,
1984:4; Sdnchez-Rodriguez et al., 1989:42; Mateo-Cid and Mendoza-
Gonzdlez, 1992:20; Gonzalez-Gonzilez et al., 1996:169, 382; Lamy
and Woelkerling, 1998:140; Riosmena-Rodriguez and Woelkerling,
2000:321; Bernecker, 2009:CD-Rom p. 59.

FIGURE 43. Amphiroa valonioides: A. Habit, tuft of fronds (JN-3146, US Alg. Coll.). B. Longitudinal section showing geniculum of a single
tier of cells (JN & HW/]-73-7-4, US Alg. Coll.). C. Branches separated from the tuft; note the protruding conceptacles (/N ¢& HW/]-73-7-33, US

Alg. Coll.).
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Amphiroa annulata var. pinnata E. Y. Dawson, 1953a:137; 1957:19, with
query; 1959a:20; 1961b:420; Anderson, 1991:14; Gonzélez-Gonzélez

et al., 1996:169; Riosmena-Rodriguez and Woelkerling, 2000:328.

Fronds mostly 1-2 ¢m high (occasionally up to 3), more
or less erect clumps or turfs, branching dichotomous to oppo-
sitely pinnate; branch apices cylindrical and rounded; attached
by crustose holdfast. Intergenicula cylindrical or rarely com-
pressed, mostly less than 0.5 mm diameter (rarely more) and 1-3
mm long; of 1-3 rows of long cells that alternate with 1 row of
short cells; cortex of 2-3 tiers of rectangular cells. Genicula of
only 1 tier of cells; fully formed genicula barely visible in terete
branches, more easily visible in compressed branches; secondary
pit connections present between genicula cells.

Conceptacles often in a single row on intergenicula, pro-
truding markedly; pore formed by degeneration of roof epithe-
lial cells. Tetrasporangial and bisporangial conceptacles, oblong,
200-300 pm inside diameter; sporangial canal pore with block-
shaped cell. Carposporangial conceptacles oblong, 150-250 pm
inside diameter; carpogonial filaments develop from entire sur-
face of fusion cell. Spermatangial conceptacles unknown.

HABITAT. Often in sand-filled turfs, on rocks and
tidal platforms; high to mid intertidal, occasionally in shallow
subtidal.

DISTRIBUTION.
to Cabo Pulmo; Mazatlan. Eastern Pacific: Isla Guadalupe; Baja
California to Panama. Central Pacific: Hawaiian Islands. West-
ern Pacific: Japan; Korea; Taiwan; Vietnam.

SYNTYPE LOCALITIES. Two localities in Japan were
listed by Yendo (1902b:5): Province Hiuga (Hyiliga) (now Mi-
yazaki Prefecture), Kytsht Island, and Misaki (Sagami Bay,
Kanagawa Prefecture), Honshi Island.

REMARKS. Amphiroa valonioides is a warm temper-
ate to tropical species. A common species of the intertidal, A.
valonioides is most abundant in the winter and spring in the
northern Gulf. It can be distinguished from similar forms of
small A. beauvoisii by its genicula of a single row of medullary
cells and its more conspicuous, protruding conceptacles.

Although considered a synonym of A. valonioides (Norris
and Johansen, 1981), the Gulf of California A. annulata var. pin-
nata E. Y. Dawson (1953a; type locality: Cabeza Ballena, Baja
California Sur) should be reexamined and its taxonomic status
tested with molecular phylogenetic comparisons to the types and
type locality specimens of A. valonioides (Japan) and A. annu-
lata Me. Lemoine (Isla Santiago, Galdpagos Islands).

Gulf of California: Puerto Penasco

Amphiroa vanbosseae Me. Lemoine

FIGURE 44

Amphiroa vanbosseae Me. Lemoine, 1930:73, fig. 30, pl. 3: fig. 7; Taylor,
1945:192; Dawson, 1961b:421; Norris and Johansen, 1981:23, figs.
1g, 4d, 6, 10a, 12b,c, 13c, 18; Littler and Littler, 1984:22; Tittley et al.,
1984:5; Norris, 1985d:208; Dreckmann, 1991:33; Serviere-Zaragoza
et al., 1993a:483; Mateo-Cid et al., 1993:46; Mendoza-Gonzilez
and Mateo-Cid, 1994:51; Gonzilez-Gonzilez et al., 1996:385;
Riosmena-Rodriguez and Siqueiros-Beltrones, 1996:138, figs. 15-19;
Riosmena-Rodriguez and Paul-Chévez, 1997:71; Lamy and Woelker-

ling, 1998:140; Rodriguez-Morales and Siqueiros-Beltrones, 1999:23;

Mateo-Cid et al., 2000:64; Aguilar-Rosas et al., 2000:131; Paul-

Chavez and Riosmena-Rodriguez, 2000:147; Riosmena-Rodriguez

and Woelkerling, 2000:332; Cruz-Ayala et al., 2001:190; CONANP,

2002:139; Pacheco-Ruiz and Zertuche-Gonzilez, 2002:467; Rivera-

Campos and Riosmena-Rodriguez, 2003:59; Mateo-Cid et al.,

2006:51, 56; Pacheco-Ruiz et al., 2008:208; Rosas-Alquicira et al.,

2013:698, figs. 7, 14, 27, 34, 4047, 49-51, tbls. 1, 2.

Amphiroa rigida sensu Dawson, 1944a:276 [non Amphiroa rigida Lamour-
oux, 1816:297].

Amphiroa subcylindrica E. Y. Dawson, 1953a:139, pl. 29: fig. 1; 1959a:10,
22; 1966a:18; Huerta-Muzquiz, 1978:338; Littler and Littler,
1981:151, 153-154; Johansen, 1981:68: fig. 10A; Huerta-Miizquiz
and Mendoza-Gonzilez, 1985:50; Mendoza-Gonzilez and Mateo-
Cid, 1986:422; Salcedo-Martinez et al., 1988:83; Anderson, 1991:15;
Gonzdlez-Gonzdlez et al., 1996:172, 383; Riosmena-Rodriguez and
Woelkerling, 2000:330; Ferndndez-Garcia et al., 2011:60.

Calcified articulated fronds up to 10 cm high, more or less
erect, often in clumps; initially attached by a discoid holdfast, later
becoming an expanding crustose holdfast. Branching dichotomous
to trichotomous or sometimes polychotomous and becoming ob-
scure and irregular; branches with rounded apices. Intergenicula cy-
lindrical to subcylindrical, 1-2 mm diameter and variable in length,
up to or more than 1.0 cm (length difficult to discern because ge-
nicula thickening with age are often barely visible); of 2-5 rows of
long cells alternating with 1 row of short cells; cortex of 9 bands
of oblong cortical cells. Genicula uncalcified, consisting of (4—)5-8
(-10) tiers of cells; fully formed genicula often barely visible between
intergenicula near branch apices, becoming apparent by cracking
and sloughing of calcified cortical tissue overlying intergenicula.

Conceptacles scattered over intergenicular surfaces, pro-
truding only slightly, becoming buried by continuing cortical
growth; pore formed by the coalescent repeated division of roof
cells, oriented toward the margin. Tetrasporangial and bispo-
rangial conceptacles 200-300 pm inside diameter. Sporangial
conceptacle canal with large block cells; sporangia in center and
periphery of cavity floor. Carpogonial filaments develop only on
margins of fusion cell. Basal cells of spermatangial conceptacle
form by basal division of cavity cells; each basal cell produces
2 spermatangial parent cells that develop simple spermatangial
filaments; spermatangia release spermatia that fill conceptacle
chamber (reproduction after Rosas-Alquicira et al., 2013).

HABITAT. Low intertidal to subtidal; on rocks.

DISTRIBUTION. Gulf of California: Puerto Pefiasco
to Punta Palmilla; Nayarit to Jalisco. Eastern Pacific: Panama;
Galdpagos Islands.

TyPE LOCALITY. “Recueillie juste audessous de la
limite de la mer” (Lemoine, 1930:73); Bahia Correos (Post Of-
fice Bay), Isla Floreana (Isla Charles; Isla Santa Maria), Islas
Galdpagos, Ecuador.

REMARKS.
vanbosseae at El Sargento in the southern Gulf (Rivera-Campos
and Riosmena-Rodriguez, 2003) showed the species occurred
throughout the year, with the largest thalli found in spring. Re-
production was throughout the year. The highest proportion of

Temporal and spatial studies of Amphiroa
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FIGURE 44. Amphiroa vanbosseae: A. Habit (holotype of Amphiroa subcylindrica E. Y. Dawson, EYD-555, AHFH-4277, now UC). B. Branch
intergenicula with conceptacles (JN ¢ HWJ-73-7-1, US Alg. Coll.). C. Coarse cylindrical intergenicula of branches (JN-3050, US Alg. Coll.).

reproductive thalli (mostly bisporangia and tetrasporangia) was
found in summer when other algal species decreased or disap-
peared, presumably because of environmental stress.

Norris and Johansen (1981), on the basis of morphological
comparisons, concluded the northern Gulf of California A. sub-
cylindrica E. Y. Dawson (1953a; type locality: Punta Colorado,
near Guaymas, Sonora) was conspecific with the Galdpagos
A. vanbosseae (see also Riosmena-Rodriguez and Siqueiros-
Beltrones, 1996). It will be interesting to test if comparative mo-
lecular analyses could confirm their taxonomic status.

CORALLINACEAE SUBFAM. LITHOPHYLLOIDEAE

Corallinaceae subfam. Lithophylloideae Setchell, 1943:134, as ‘Lithophyl-
leae’; Cabioch, 1972:261, 266; Harvey et al., 2003a:994.
The subfamily Lithophylloideae is characterized by genera
that have thalli without genicula and that vary in form from

horizontally flattened crusts to being composed mainly of protu-
berances. Crustose portions internally dorsiventrally organized,
protuberances, when present, more or less radially organized.
Some cells of contiguous vegetative filaments with secondary
pit connections adjoining them; cell fusions are absent or rare.
Sporangial conceptacles produced by filaments peripheral to
the fertile area and interspersed among sporangial initials. Sper-
matangial filaments develop from the spermatangial conceptacle
floor.

REMARKS. If Cabioch (1972) is followed with C. sub-
fam. Amphiroideae treated within C. subfam. Lithophylloideae,
it would include the articulated genus Amphiroa in addition to
its nonarticulated (crustose) members. (See also Remarks under
C. subfam. Amphiroideae.)

There are four genera represented in the northern Gulf of
California. Two of these, tentatively placed in C. subfam. Litho-
phylloideae, remain problematic. Litholepis requires further
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elucidation of its generic status, and Pseudolithophyllum, al-
though traditionally included, appears not to belong in this

subfamily on the basis of its morphological features. It too needs
testing of its generic status and taxonomic position.

KEY TO THE GENERA OF CORALLINACEAE SUBFAM. LITHOPHYLLOIDEAE
IN THE NORTHERN GULF OF CALIFORNIA

la. Crusts thin, a single cell layer; on rocks, shells, or other corallines; individuals usually overgrowing each other to form

= P Litholepis
1b. Crusts thicker, of 2 or more cell layers; epiphytic, epilithic, or partly to entirely unattached and nodular (rhodoliths) ... 2
2a. Crusts of Gulf species epiphytic (somewhat loosely surrounding algal host), with smooth to irregular surfaces; primig-
enous (basal) filaments composed of palisade cells (vertically elongated) .......................... Titanoderma
2b. Gulf crustose species epilithic or partly to entirely free living nodules (rhodoliths), with protuberances of various sizes and
shapes; primigenous filaments mostly to entirely composed of nonpalisade cells ............................. 3
3a. Secondary pit connections present between some cells of contiguous filaments; intercellular fusions absent to rare, crus-
tose portions with uni- or multistratose primigenous (basal) layer . ......... ... ... .. Lithophyllum

3b. Secondary pit connections lacking; intercellular fusions present linking some cells of contiguous filaments ; crustose por-

tions with unistratose primigenous layer ............

Litholepis Foslie

Litholepis Foslie, 1905b:5.
Melobesia subgen. Litholepis (Foslie) Me. Lemoine, 1917:154, 176.

Calcified crusts are thin and delicate; composed of a single
cell layer (except around the conceptacles). Monostromatic layer
of thick-walled cells. Typically, overgrowth of a single crust by
several other individuals results in a structure of 2—4 cell layers.
Species mostly grow on rocks or shells.

Sporangial conceptacles protrude above surface and have a
single pore (at least in Gulf of California L. sonorensis).

REMARKS. Woelkerling (1986; 1988) concluded the
lectotype of the genus, Litholepis caspica (Foslie) Foslie (1905b;
basionym: Melobesia caspica Foslie, 1900a), belonged in the
genus Titanoderma, as T. capsicum (Foslie) Woelkerling (1986).
Later T. capsicum was considered conspecific with T. pustulatum
(Foslie) Nageli (in Nageli and Cramer, 1858; see Chamberlain,
1991), and subsequently with Lithophyllum pustulatum (J. V.
Lamouroux) Foslie (1904; see Woelkerling and Campbell, 1992).
Although Campbell and Woelkerling (1990) and Woelkerling
(1996b) treated Titanoderma as congeneric with Lithophyllum,
Titanoderma has been maintained by Chamberlain and Irvine
(1994a; see Chamberlain et al., 1991). Molecular and morpho-
logical analyses are needed to elucidate species of Litholepis,
their generic placement, and relationship to the Lithophyllum—
Titanoderma complex (Bittner et al. 2011; see also Remarks
under Titanoderma).

Currently, one species of Litholepis is recognized in the Gulf
of California. However, its generic status is uncertain.

Litholepis sonorensis E. Y. Dawson

FIGURE 45A

Litholepis sonorensis E. Y. Dawson, 1944a:275, pl. 63: fig. 1; 1960b:59, pl.
48: fig. 1; 1961b:417; Anderson, 1991:31; Espinoza-Avalos, 1993:333;
Gonzélez-Gonzélez et al., 1996:237, 400; Riosmena-Rodriguez and
Paul-Chévez, 1997:71; L. Aguilar-Rosas et al., 2000:131; Riosmena-

................................ Pseudolithophyllum

Rodriguez and Woelkerling, 2000:345; Fragoso and Rodriguez,

2002:107.

Lithophyllum sonorensis (Dawson) Woelkerling ex Dreckmann, 1991:34,
comb. inval; Leén-Alvarez and Gonzdlez-Gonzélez, 1993:462;
Gonzélez-Gonzdlez et al., 1996:401; Fragoso and Rodriguez, 2002:
105, 106, 113.

Crusts thin, delicate, gray-white, spreading; 1 cell layer in
vegetative portions; thicker at conceptacle, 2—4 cell layers when
thalli overgrow each other; cell layer of rectangular cells, vari-
able in height, 11-25(-28) pm tall and 14-19 pm wide.

Sporangial conceptacles more or less conical, about 350-
400 pm outside diameter; only slightly protruding, up to 60 pm
above crust surface; with a single pore; conceptacle 175 pm tall,
300 pm inside diameter; with flat floor of single cell layer and
roof of (1-)2-3 cell layers; tetrasporangia relatively small, ap-
proximately 50 pm long, 20 pm wide. Gametangial conceptacles
unknown.

HABITAT. On old mollusk shells; subtidal, dredged.

DISTRIBUTION. Gulf of California: Canal de San
Lorenzo, off Isla Espiritu Santo. Eastern Pacific: Zihuatanejo,
Guerrero.

TyPE LOCALITY. Dredged from 12-25 m depths;
Canal de San Lorenzo (off the southern end of Isla Espiritu Santo),
Bahia de La Paz, Baja California Sur, Gulf of California, Mexico.

REMARKS. Litholepis sonorensis is only known from
the type and its report in tropical Pacific Mexico from Guerrero.
It is included herein in the hopes that it will again be collected,
reevaluated, and tested to resolve its taxonomic status.

Lithophyllum Philippi

Lithophyllum Philippi, 1837:387.

Calcified crustose algae, usually found growing on various-
sized rocks or shells and sometimes surrounding pebbles or
forming free-lying nodules (rhodoliths). Members of the genus
display a variety of forms from thin crusts to stony rhodoliths
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FIGURE 45. Species of Litholepis and Heteroderma. A. Litholepis sonorensis: Transection through a tetrasporangial conceptacle (EYD-
592x-40, type AHFH, now UC). B. Heteroderma corallinicola: Transection through tetrasporangial conceptacle (Drouet ¢& Richards-338a,

type AHFH, now UC).

thick with protuberances of various sizes and shapes. Internal
structure is pseudoparenchymatous, and construction is mono-
merous, dimerous, or both. A monomerous thallus consists of
a single system of branched filaments that form a ventral and/
or central core and a peripheral area when portions of the core
filaments shift outward toward the thallus surface. A dimer-
ous thallus consists of two groups of filaments—a single layer
of primigenous filaments (hypothallium) composed of squarish
(nonpalisade) cells and a second order of filaments (postigenous)
produced from the dorsal side of the basal (primigenous) fila-
ment cells—which grow perpendicular to the basal/ventral layer
filaments. Secondary pit connections are present between some
cells of contiguous filaments. Intercellular fusions are absent,
and trichocytes are absent to rare.

Sporangial conceptacles open by a single pore, internally
with bisporangia or tetrasporangia scattered across conceptacle
chamber floor or with a raised central columella containing a
tuft of sterile filaments, with the sporangia restricted to the pe-
riphery of the chamber. Sporangial conceptacles produced by
filaments peripheral to the fertile area and interspersed among
sporangial initials. Gametophytes are usually dioecious; carpo-
sporangial and spermatangial conceptacles are also uniporate.
Unbranched spermatangial filaments are developed from the
conceptacle chamber floor.

REMARKS.
Paz in the southern Gulf of California have been excluded from

Two species described from Bahia de La

the genus (Riosmena-Rodriguez et al., 1999). Though their generic
placement was unresolved, Riosmena-Rodriguez and Woelkerling
(2000) noted that Lithophyllum californiense Heydrich (1901b;
treated as synonym of L. pallescens by Dawson, 1960a) belongs
in Hapalidiaceae subfam. Melobesioideae; and L. brachiatum
(Heydrich) Me. Lemoine (1930; basionym: L. lithophylloides

f. brachiatum Heydrich, 1901b; considered a synonym of L. litho-
phylloides by Dawson, 1960a) belongs in either Corallinaceae
subfam. Mastophoroideae or H. subfam. Melobesioideae.

Two other species have also been reported in the southern
Gulf. Lithophyllum corallinae (P. Crouan et H. Crouan) Hey-
drich (1897b; basionym: Melobesia corallinae P. Crouan et
H. Crouan, 1867) was reported by Dawson (1960b, as Derma-
tolithon corallinae (P. Crouan et H. Crouan) Foslie, 1909) and
by Serviere-Zaragoza et al. (1993a, as Titanoderma corallinae
(P. Crouan et H. Crouan) Woelkerling, Chamberlain et P. C.
Silva, 1985), and L. lichenare L. R. Mason (1953), a species that
Riosmena-Rodriguez and Woelkerling (2000) noted requires
further study, is recorded from Bahia Concepcion (Mateo-Cid
et al.,, 1993) and Mazatlin (Mendoza-Gonzilez et al., 1994)
and in Pacific Mexico from Baja California (R. Aguilar-Rosas
and Aguilar-Rosas, 1994), Islas Revillagigedo (Huerta-Muzquiz
and Garza-Barrientos, 1975), Nayarit and Jalisco (Mendoza-
Gonzilez and Mateo-Cid, 1992; Serviere-Zaragoza et al.,
1993a), and Michoacan (Stout and Dreckmann, 1993).

Rhodoliths were known as “chicaron” on the former pearl-
fishing banks around La Paz (Dawson, 1944a). Living rhodo-
lith or maerl (maérl) beds are unique marine ecosystems, widely
distributed but particularly abundant in the Gulf of California,
the Pacific off southern Japan, Atlantic waters off the coasts of
Norway, Ireland, Scotland, northeast Canada, eastern Caribbean
and Brazil, the Mediterranean and Red Seas, and Indian Ocean
off the coast of western Australia (Foster, 2001; Amado-Filho et
al., 2012). In the Gulf of California, rhodolith beds are often ex-
tensive, occurring from Puerto Pefiasco, Sonora, to Islas Marie-
tas, Jalisco (Foster et al., 1997; Riosmena-Rodriguez et al., 2010:
fig. 3.1). With their high ecological and economic value they are
now recognized as critical habitats in need of monitoring and



104

conservation (Avila and Riosmena-Rodriguez, 2010; Riosmena-
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Rodriguez et al., 2010). northern Gulf of California.

KEY TO THE CRUSTOSE AND RHODOLITH-FORMING SPECIES OF LITHOPHYLLUM,
PSEUDOLITHOPHYLLUM, AND NEOGONIOLITHON IN THE NORTHERN GULF OF CALIFORNIA

la. Crusts with lateral cell fusions between cells of filaments; secondary pit connections absent . ................... 2
1b. Crusts without cell fusions between cells of filaments; secondary pit connections present . ..................... 3
2a. Crusts usually thin (some thicker); with low (up to 2 mm tall), short subspherical protuberances; sporangial conceptacles
less than 250 pm in diameter; trichocytes absent . .......... ... .. Pseudolithophyllum neofarlowii
2b. Crusts with prominent (up to 15 mm tall), subcylindrical to compressed, longer protuberances; sporangial conceptacles
in apex of protuberances, large, up to 1000 pm in diameter; trichocytes present . ... ... Neogoniolithon trichotomum
3a. Rhodoliths either flat, broad fan-like to blade-like excrescences, with rounded edges, OR protuberant branches with
broad compressed to flattened portions with angular branches that narrow to pointed apices .. ................. 4
3b. Crusts or rhodoliths with slender subcylindrical branches to wart-like knobby protuberances (not flat or blade-like) ... §
4a. Rhodoliths predominantly fan-like to blade-like, of thin, broad flat, sometimes undulate, excrescences, some with ridges
or channels and rounded edges ... .. .. i i e L. diguetii
4b. Rhodoliths with compressed to somewhat flattened portions; angular branches mostly narrowing upward to irregularly
POINLEA APICES '+ v v vt v ettt e ettt et e e e e et e e e e e e e e e e L. margaritae
5a. Crusts with low, irregularly undulating surface; or, surface with simple, short (mostly 2—-5 mm tall), subspherical or
mound-like protuberances; base subcylindrical to broad; ends broad, irregularly rounded .............. L. imitans
5b. Crusts or rhodoliths either with taller, larger, more elaborate protuberant branches, or wart-like or knob-like protuber-
ances; ends flattened or rounded . ... .. e 6
6a. Crusts shrubby with clusters of irregularly branched, subcylindrical, often anastomosed branches, but free in upper parts;
wider at base, upward becoming slender (1.5 mm or less in diam.) with rounded or truncate tops ...... L. hancockii
6b. Crust or rhodoliths with stout wart-like or knob-like protuberances with rounded or broad, flattened tops (equal to or
over 2 MM diami.) ..ttt e 7
7a. Crusts or rhodoliths with simple or forked, compressed to knob-like protuberances (up to 3 cm tall); mostly narrow bases
(to 3 mm in diameter) widened upward, with truncate, broad flattened ends (4-5 or more mm wide), often with a central
dEPressSiOn o vttt e e L. proboscideum
7b.  Crusts and rhodoliths lumpy and knobby, with short (mostly less than 1.5 cm tall), simple, knob- to club-shaped protu-

Lithophyllum diguetii (Hariot) Heydrich

berances (2-4 mm in diameter), with rounded to bulbous, slight to conspicuous swollen ends (not flattened) .. .......
.................................................................................. L. pallescens

Six species of Lithophyllum are recognized to occur in the

Lithophyllum margaritae sensu Riosmena-Rodriguez et al., 1999:403, 411

FIGURE 46
Lithothamnion diguetii Hariot, 1895:167; Heydrich, 1901a:190; Woelker-

[in part: Lithophyllum diguetii and L. veleroae specimens only; non
Lithophyllum margaritae (Hariot) Heydrich, 1901b:530].

ling, 1984:50; Woelkerling, 1998:340; Woelkerling et al., 1998:529,
figs. 240-241.

Lithophyllum diguetii (Hariot) Heydrich, 1901b:532; Foslie, 1909:26; Lem-

oine, 1911:120; Foslie, 1929:33, pl. 61: fig. 8; Dawson, 1944a:269,
pl. 59: figs. 8, 11-16; 1960b:38, pl. 29: figs. 1-7; 1961b:416; Adey
and Lebednik, 1967:45; Huerta-Muzquiz and Mendoza-Gonzalez,
1985:48; Dreckmann, 1991:34; Mateo-Cid et al., 1993:46; Mendoza-
Gonzélez and Mateo-Cid, 1994:51; Steller and Foster, 1995:205, fig. 2;
Gonzilez-Gonzalez et al., 1996:237; Foster et al., 1997:133; Riosmena-
Rodriguez and Paul-Chdvez, 1997:71; Woelkerling, 1998:340;
Riosmena-Rodriguez et al., 1999:403 [in part], fig. 6; Riosmena-
Rodriguez and Woelkerling, 2000:337; Pacheco-Ruiz and Zertuche-
Gonzélez, 2002:467; Schaeffer et al., 2002: fig. 2C.

Lithothamnion dentatum sensu Foslie, 1895b:5, pl. 1: fig. 15 [non Litho-

thamnion dentatum (Kiitzing) Areschoug, 1852:516; =Lithophyllum
dentatum (Kiitzing) Foslie, 1900a:10].

Lithothamnion dentatum f. diguetii (Hariot) Foslie, 1901¢:21.

Lithophyllum veleroae E. Y. Dawson, 1944a:270, pl. 55: fig. 5, pl. 56: figs.
1-4;1960b:52, pl. 47: figs. 1-4(type); 1961b:417; Huerta-Mtizquiz and
Mendoza-Gonzalez, 1985:48; Ortega et al., 1987:74, pl. 4: fig. 22, pl.
5: fig. 23; Anderson, 1991:32; Dreckmann, 1991:34; Mateo-Cid et al.,
1993:46; Mendoza-Gonzalez and Mateo-Cid, 1994:51; Steller and Fos-
ter, 1995:205, fig. 2; Gonzalez-Gonzalez et al., 1996:239; Foster et al.,
1997:133; Riosmena-Rodriguez and Paul-Chévez, 1997:71; Woelker-
ling, 1998:328; Woelkerling et al., 1998:499, fig. 211; Riosmena-
Rodriguez et al.,, 1999:411, figs. 10-13; Riosmena-Rodriguez and
Woelkerling, 2000:346.

Free-living crust, forming subspherical to irregularly shaped
rhodoliths; of several thin foliose, simple to undulate or convo-
luted, anastomosing blade-likeextensions, up to 1-3 cm in length
(seen from above), subcylindrical to compressed at their base and
decreasing in thickness upward, 1.0-2.0 mm thick. Longitudinal
sections of flat blade-like extensions internally with a distinct
central core of filaments (medullary hypothallium) of more or
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FIGURE 46. Lithophyllum diguetii: A, C-G. Habit variability of rhodolith morphologies (EYD-591-40, AHFH, now UC). B. Isotype

(L. Diguet-1894, UC).

less rectangular cells, 14-27 pm long, 9-11pm wide; perithal-
lium thick, of rounded cells 12-17 pm long, 7.0-10 pm wide,
with prominent pit connections linking some cells of adjacent
filaments; filaments terminate at thallus surface in epithallial cells
(wider than tall), about 3.5 pm tall, 9-12 pm wide.

Sporangial conceptacles scattered over flat, blade-like sur-
faces, embedded, nearly flush with surface, up to 100-125 pm
tall, with a small central pore, chamber about 100 pm deep, up
to 275 pm wide, with central columella; tetrasporangia (45-)
60-70 pm long, (22-)35-45 pm in diameter. Carposporangial
and spermatangial conceptacles not observed (description after
Dawson, 1960Db).

HABITAT.
extensive rhodolith beds; occasionally cast ashore; intertidal to
subtidal, 2.0-13 m depths; dredged to 26 m depths.

DISTRIBUTION. Gulf of California: Puerto Refugio,
Isla Angel de la Guarda to Bahia de La Paz; Canal de San Lo-
renzo, Isla Espiritu Santo; Isla Partida; Laguna Agiabampo (So-

Usually on sand plains; often component of

nora and Sinaloa); Sinaloa to Jalisco.

TYPE LOCALITY. La Paz, Baja California Sur, Gulf of
California, Mexico.

REMARKS. Dawson (1960b:44) observed Lithophyl-
lum diguetii living in association with L. margaritae and L.

lithophylloides (=L. pallescens) in the rhodolith beds in Canal de
San Lorenzo, off Isla Espiritu Santo.

Dawson (1960b:52) noted some specimens showed inter-
mediate characters of L. diguetii, L. veleroae and L. lithophyl-
loides and suggested there may be hybridization between them.
These species were later considered to be within a broadly cir-
cumscribed “L. margaritae” (Riosmena-Rodriguez et al., 1999).
Schaeffer et al. (2002, as L. margaritae) found two genetically
distinct morphological forms. They questioned the validity of
treating these as forms because of their genetic differences and
the apparent limited genetic exchange between them. Although
reproduction by vegetative fragmentation of these rhodoliths
has been generally assumed, they found no genetic evidence of
clones, suggesting there is little, if any, vegetative reproduction.
Of the different morphologies they tested, their “foliose forms”
(Schaeffer et al., 2002: fig. 2C) match L. diguetii. (See also Re-
marks under Lithophyllum margaritae and L. pallescens.)

Lithophyllum diguetii is recognized as a separate species on
the basis of morphological and genetic differences. The type col-
lection of another species, Lithophyllum veleroae E. Y. Dawson
(1944a: pl. 56: figs. 1-4), a rhodolith described with channeled
ridges, also seems morphologically close to L. diguetii. It is ten-
tatively considered conspecific until molecular comparisons of
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their types and type locality material can assess their phyloge-
netic relationship and taxonomic status.

Lithophyllum hancockii E. Y. Dawson
FIGURE 47
Lithophyllum hancockii E. Y. Dawson, 1944a:268, pl. 55: fig. 1, pl. 62: fig.

1; 1960b:40, pl. 31: fig. 1, pl. 24: fig. 2; 1961b:416; Salcedo-Martinez

et al., 1988:83; Dreckmann, 1991:34; Anderson, 1991:31; Espinoza-

Avalos, 1993:333; Leén-Alvarez and Gonzalez-Gonzalez, 1993:461;

Gonzélez-Gonzdlez et al., 1996:238; Riosmena-Rodriguez and Paul-

Chavez, 1997:71; Paul-Chivez and Riosmena-Rodriguez, 2000:147;

Riosmena-Rodriguez and Woelkerling, 2000:340.

Crustose corallines forminga dense shrubby, irregularly
branched cluster, up to 7 cm tall and up to 10 cm wide, attached
to substratum by a thin, spreading crust. Branches subcylindrical
and free of each other in upper portions, about 1.5 mm in diam-
eter, with rounded or truncate apices; lower portion of branches
wart-like or irregular in shape, often coalesced. Hypothallium
in longitudinal section very thick, forming most of thallus, con-
sisting of layers of elongate-rectangular cells, about 21 pm in

length, 9-12 pm wide. Perithallium generally thin, or up to 250
pm thick; of smaller rounded cells, 9-14 pm tall, 5-8 pm wide.
Epithallium of cells, mostly 2.5 pm tall, 6-8 pm wide.
Sporangial conceptacles, immersed within thallus (with
little to no surface bulge), 110-140 pm tall, 240-300 pm inside

FIGURE 47. Lithophyllum hancockii: Habit, crust beset with protu-
berances (holotype, EYD-619a-40, UC).

diameter, pore obscure; chamber floor with central columella
surrounded by tetrasporangia, 50-60 pm tall, 25-30 pm in di-
ameter; conceptacles become overgrown and deeply embedded
within thallus with age. Gametangial conceptacles unknown
(after Dawson, 1960Db).

HABITAT. On rocks and coral rubble; shallow subtidal.

DISTRIBUTION. Gulf of California: Isla Espiritu
Santo; Bahia de La Paz; Nayarit to Jalisco. Eastern Pacific:
Guerrero.

TyPE LOcCALITY. Bahia San Gabriél, Isla Espiritu
Santo, Baja California Sur, Gulf of California, Mexico.

REMARKS. Lithophyllum hancockii is a little-known
species in the Gulf of California and is included to call attention
to the need for further study. It has also been reported in Pacific
Mexico from Guerrero.

Lithophyllum imitans Foslie
FIGURE 48A,B
Lithophyllum imitans Foslie, 1909:13; 1929:35, pl. 54: figs. 10, 11; Daw-

son, 1945d:42; Mason, 1953:340, pl. 43; Dawson, 1960b:41, pl. 32:

figs. 14, pl. 33: figs. 14, pl. 34: fig. 2, pl. 35: figs. 1, 2; Dawson et

al., 1960a:68, pl. 20: fig 4; 1960b:16; Dawson, 1961a:416; Dawson et
al., 1964:43, pl. 38: fig. A; Hollenberg 