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Examination of the morphology and ultrastructure (with the scanning electron micro-
scope) of Yamadaea melobesioides Segawa and Y. americana DAwsoN et STEELE provides
additional criteria for distinguishing them. Differences include colour, frond size, shape
and density, number of intergenicula per frond, and the size and position of conceptacle
ostioles. In Y. americana epithallial cells are larger and have less pronounced cell walls.
Trichocytes are reported for the first time in Yamadaea, although they were found only in
Y. melobesioides. The distributions of the two species are revised, with Y. melobesioides
known only from Japan and Y. americana known only in North America from the Queen

Charlotte Islands, British Columbia to Monterey, California.
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Yamadaea.

In the Corallinaceae (Rhodophyta), Yama-
daea is unusual in appearance. A thallus
is comprised of an extensive epilithic
crustose base from which arise erect, arti-
culated fronds (Segawa, 1955). However,
unlike other articulated coralline algae, the
fronds are limited to one or sometimes two
intergenicula and attain a maximum height
of about 2 mm (SEGAWA, 1955; DAWSON and
STEELE, 1964). Anatomically and reproducti-
vely, the fronds of Yamadaea are similar to
those of Corallina (SEGAWA, 1955 ; JOHANSEN,
1969).

Yamadaea is presently known only from
the north Pacific. Originally described from
Japan, the type species, Y. melobesioides
SEGAWA (1955), was later reported from
California (HOLLENBERG and ABBOTT, 1966).
A second species, Y. americana DAWSON et
STEELE (1964), was first described from the
San Juan Islands, Washington, but now this
species is known as far north as the Queen

Charlotte Islands (HAWKES et al., 1978).
Other than papers in which the two species
are described, references in the literature
are limited to range extensions. The pre-
sent study was initiated to consider in
detail the morphology of these species and
to re-examine the application of the name
Y. melobesioides to coralline algae in the
eastern Pacific. This work is part of a
larger study in which surface structures
(as seen with the scanning electron micro-
scope-SEM) provide additional characteristics
for specific and generic delimitation in the
Corallinaceae (see GARBARY, 1978 ; GARBARY
and SCAGEL, 1979 ; GARBARY and VELTKAMP,
1980; and GARBARY and JOHANSEN, 1980
and in prep. for other contributions).

Materials and Methods

Specimens of Yamadaea americana ex-
amined were from the following herbaria:
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University of British Columbia (UBC);
Univeristy of California, Berkeley (UC);
Allan Hancock Foundation Herbarium, Los
Angeles (AHFA); and the G.M. Smith
Herbarium, Monterey, California (GMS).
Material of Y. melobesioides was collected
by H.W.]J. and Dr. T. MASAKI, and fragments
of these plants are deposited in UBC. Few
specimens of Yamadaea have been collected,
hence this report is based on three collec-
tions of Y. melobesioides and 10 of VY.
americand.

Scanning electron microscopy was carried
out as follows: fragments of herbarium
specimens were rinsed in tap water, air
dried, mounted on stubs with a silver con-
ducting paint and coated with gold. Speci-
mens were examined in a Cambridge
Stereoscan Mark 2A at 20kv. During spe-
cimen preparation the cell protoplasts
disintegrate, leaving only the calcite cell
walls and cellular debris (see also GARBARY,
1978, and GARBARY and VELTKAMP, 1980).

Results and Discussion

Our observations support the proposal of

DAWsON and STEELE (1964) that Yamadaea
americana is distinct from Y. melobesioides
and provide additional characteristics that

strengthen this distinction (see Table 1).

DAWSON and STEELE (1964) noted that the
erect fronds of Y. americana were 2-3
times as tall as in Y. melobesioides.
HOLLENBERG and ABBOTT (1966) and
ABBOTT and HOLLENBERG (1976) inferred
that size could not distinguish these taxa
because supposed material of Y. melobesioides
was similar in size to Y. americana. We have
examined several collections of Yamadaea
from the Queen Charlotte Islands to Mon-
terey, California. Based on the criteria pro-
posed by DAWSON and STEELE (1964), all
North American plants can be accommodated
in Y. americana. Our observations, however,
extend the range of several morphological
characteristics. Thus, in the type descrip-
tion of Y. americana, intergenicular diameter
was given as up to 610-650 pm. Our studies
show greater variation, with measurements
of 590-1020 yum in mature plants. This
contrasts with the range of 290-600 ym for
Y. melobesioides. Despite the overlap in

Tablz 1. A comparison of some morphological features of Yamedaea melobesioides and

Y. americana.

Species

Characteristics

Y. melobesioides

Y. americana

Number and arrangement of fronds abundant and tightly clustered

few and usually scattered

Thallus colour dull purple-pink rose-pink
Number of intergenicula/frond 1 1-2
Frond height 450-650 pm 1000-2000 pm
Frond diameter 350-550 #m 700-1000 zm
Frond shape obovate clavate

Ostiole position
Diameter of ostioles
Trichocytes
Surface structure

Size of concavities (+s.d.)
Cell wall thickness (+s.d.)
% of thallus in concavities

strictly apical
30-40 pm
common to absent

walls and concavities well
developed

6.0+0.9 gm
1.8+0.7 pm
40-55%

apical to eccentric
60-80 pm
absent

walls and concavities
poorly developed

12.1+£1.3 pm
1.4+0.4 ym
69-75%




measurements, all populations easily fit into
one size category or the other.

Several aspects of gross morphology
either not commented upon or not emphasized
in earlier studies readily distinguish the two
species. (1) Yamadaea melobesioides is dull
purple-pink or vinaceous to almost grey,
whereas Y. americana is generally rose-pink
in colour. (2) The fronds of Y. melobesioides
are more densely aggregated than in Y.
americana, where usually no more than 2-3
are found in close proximity (compare Figs.
1, 3 with Fig.7). (3) The height: diameter
ratio of mature fronds of Y. melobesioides
is approximately 1.25, whereas in Y. ameri-
cana it is 1.5-1.9, resulting in frond outlines
that are obovate for Y. mzlobesioides and
more clavate for Y. americana. (4) In Y.
melobesioides the conceptacle ostioles are
smaller; 30-40 ym in diameter versus 55-
80 ymin Y. americana. DAWSON and STEELE
(1964) refer to even larger ostioles 125-130
pm in diameter for Y. americana, but we
have not found any this size. An additional
ostiole character distinguishing the two
species is the usually slightly eccentric
ostiole of Y. americana (they are strictly
apical in Y. melobesioides) ( Figs. 9-10).
DAWSON and STEELE (1964) did not notice
this although they commented that the con-
ceptacles in all reproductive types are often
rostrate or beaked.

The surfaces of intergenicula and basal
crusts as observed with the SEM provide
features that clearly distinguish the two
species of Yamadaea. The surfaces of Y.
melobesioides are similar to those in many
other members of the Corallinoideae. Thus
there are well-developed concavities in the
sites previously occupied by epithallial cells
(these disintegrate during specimen prepara-
tion) and relatively prominent cell walls
(Figs. 2, 4-6) separating the epithallial con-
cavities. On the other hand, lateral walls
of epithallial cells in Y. americana are
little developed, and the basal pit-connections
(their remains, the plugs being destroyed
during tissue preparation) are more promi-
nent when viewed by SEM (Figs. 11-12).
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The concavities and walls of Y. melobe-
sioides are round to slightly irregular whereas
those of Y. americana are more angular
and polygonal (compare Figs. 2, 5-6 with
Figs. 8, 11). In the type description of Y.
americana, DAWSON and STEELE (1964)
referred to a “faintly tessellate” surface,
and this is reflected in the ultrastructural
views. The surfaces of Y. americana are
very different from other members of the
Corallinaceae examined to date, and, with
the SEM, it should be possible to identify
crusts of Y. americana which are devoid of
erect or fertile branches. Within each
species there are no differences in surface
morphology between the prostrate and
erect parts of the thallus.

In addition to the general appearance of
the plant surfaces, several aspects of
surface morphology can be expressed in
numerical terms. GARBARY (1978) measured
three features and showed that they were
useful in characterizing species: diameter
of epithallial concavities, thickness of cell
walls, and the proportion of thallus surface
taken up with concavities. These characte-
ristics also provide criteria for distinguishing
Yamadaea americana and Y. melobesioides.
Thus Y. americana has greater concavity
diameters, slightly thinner cell walls, and
a higher proportion of the surface is
comprised of concavities (see Table 1 for
results of measurements). The differences
between these taxa are very pronounced
with the values for Y. americana for con-
cavity diameter and the proportion of the
surface taken up with concavities at or
near the extremes of recorded values in
the Corallinaceae (GARBARY, 1978).

In this study, trichocytes are reported
from Yamadaea for the first time. Tricho-
cytes are present in one of the two collec-
tions of Y. melobesioides examined with
the SEM, where they appeared as small
concavities raised above the thallus surface
(Figs. 4, 6). In this collection the tricho-
cytes are common in both the erect and

" basal parts. 'Despite the sporadic occurrence

of the trichocytes, this feature might pro-
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Figs. 1-6. Yemadcea melobesioides. Figs. 2-6 are from the SEM. 1. Light micrograph
of plants with clustered fronds (scale: 2mm). 2. General view of crust surface (scale:
10 pm). 3. Apex of intergenicula with central ostioles (scale: 20, m). 4. General view
of surface on erect branch with scattered trichocytes (scale: 35 pm). 5. Detail of surface
on non-fertile frond (scale: 10 ym). 6. Detail of trichocytes and surrounding cells (scale:
10 pzm).
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Figs. 7-12. Yamadaea americanc. Figs. 8-12 are from the SEM. 7. Light micrograph
of plants with scattered fronds (scale: 2mm). 8. General view of crust surface with ac-
cumulated debris (scale: 60 zm). 9. Whole intergeniculum with eccentric ostiole (scale:
150 #m). 10. Apex of fertile intergeniculum with detail of cells around ostiole (scale: 150
rm). 11. General view of cells on surface of frond (scale: 10 #m). 12. Detail of frond
surface with outlines of pit connections (scale: 5 pm).

11
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vide an additional characteristic distinguish-
ing the two species of Yamadaea, since
trichocytes were not found in any of the
six collections of Y. americana examined
with the SEM. What is important is the
potential ability of the species to produce
trichocytes rather than their presence or
absence in a particular plant. The tricho-
cytes of Y. melobesioides are similar to
those of Corallina officinalis L. both in
morphology and occurrence, and in the
latter species trichocytes are present or
absent in plants from different collections
from the same site (GARBARY and JOHANSEN,
unpublished data).
~ The reported distributions of the species
of Yamadaea are as follows: Y. americana
was known from Washington to northern
British Columbia, whereas Y. melobesioides
was recorded from Japan (the type
locality) and California. Our examinations
of collections supposed Y. melobesioides
from California reveal that they are
similar to Y. americana, both in terms
of gross morphology and the ultrastructure
of plant surfaces. That the material from
California originally determined as Y. me-
lobesioides should, in fact, be Y. americana
is not surprising, since the descriptions of
these plants (HOLLENBERG and ABBOTT,
1966 ; ABBOTT and HOLLENBERG, 1976) are
much closer to Y. americana than to the
Japanese species, in terms of frond size and
frond distribution on the crust. Thus all
material of Yamadaea from the eastern
Pacific can bz ascribed to Y. americana for
which the known distribution is extended
from northern Washington to the Monterey
Peninsula. This solves the previous biogeo-
graphic problem of explaining why VY.
melobesioides should be present at the
extremes of the distribution range with the
second species having an intermediate range.
Further floristic studies of the intervening
regions (Alaska, the Aleutian and Kurile
Islands) would be of interest in determining
the geographic limits of the two taxa, and
whether or not ‘they are completely allo-
patric. At present, the occurrence of Y.

melobesioides in North America can be
discounted, but since both species are rela-
tively rare and inconspicuous, the possibility
that Y. melobesioides occurs in North Ame-
rica cannot be discarded.

Of the 12 genera currently placed in the
subfamily Corallinoideae (JOHANSEN, 1976),
nine have been examined with the SEM
(all genera except Alatocladia, Margi-
nosporum and Serraticardia) (GARBARY,
unpublished data). Two main types of
surface structure differentiate JANIA and
Haliptilon from the remaining genera. The
two surface morphologies were designated
the Corallina-type and the Jania-type, and
the taxonomic implications are dealt with
separately (GARBARY and JOHANSEN, 1980,
and in prep.). Within plants showing the
Corallina-type surface, there is little morpho-
logical diversification that can be used to
characterize particular genera. It is there-
fore of interest that the two species of
Yamadaea portray more variation than exists
among six other genera of the subfamily
Corallinoideae with a Corallina-type surface.
This morphological divergence within
Yamadaea and the apparent uniformity
within much of the Corallinoideae supports
the contention of JOHANSEN (1969) that
Yamadaea is primitive in the subfamily.
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