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Reproductive morphology of Kintokiocolax aggregatocerantha TANAKA et Y. NozAawa,
a parasitic red alga on the host Prionitis angusta (=Carpopeltis angusta), was studied in
detail based on the specimens collected at Wakayama and Chiba Prefectures. In these
specimens, the auxiliary cell and the 2-celled carpogonial branch were separately produced
(non-procarpic) in the secondarily developed cell clusters (ampullary structures characteristic
of the Halymeniaceae), and after fertilization the connecting filament was necessary for
activating the auxiliary cell to produce gonimoblasts. This result is different from that
described by the original authors who interpreted the reproductive structure as procarpic
and therefore this species as a member of the Gigartinales.

To clarify this difference in the interpretation of the reproductive structure, we ex-
amined the original materials and found that they possessed the same reproductive features
as our materials. Thus, we concluded that this species should be placed in the Halymenia-
ceae (=Cryptonemiaceae).
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Rhodophyceae.

Kintokiocolax aggregatocerantha TANAKA
et Y. Nozawa (1960) was described as a
parasite on the Prionitis angusta (HARVEY)
OKAMURA (=Carpopeltis angusta)* based on
the specimens collected at Hananose, Kago-
shima Prefecture, Southern Kyushu. They
placed this monotypic genus in the order
Gigartinales (sensu SCHMITZ in ENGLER) on
account of their interpretation that this
species has procarpic nature. Since then,
as far as is known, no investigation has
been published on this species except for a
short comment by FELDMANN and FELDMANN

* In the original description, the binominal Car-
popeltis angusta (HARVEY) OKAMURA was used,
but according to the recent study by Kawacu-
cHI (unpubl.), it is most appropriate to treat
this species under the genus Prionitis as did
AgBoTT and HoLLENBERG (1976, p. 444).

(1963).

Recently, small, whitish, seemingly para-
sitic plants were found on the specimens
of P. angusta collected at the two localities
in the central Pacific coast of Honshu.
Gross morphological and inner vegetative
features of these specimens were in good
accordance with those of K. aggregato-
cerantha, while the reproductive structures
were clearly different from those interpreted
by TANAKA and NozAawaA (1960). A careful
comparison of our specimens with the
Holotype and the Isotype of K. aggregato-
cerantha revealed that both of the type
specimens had the same reproductive fea-
tures as ours. We noticed that the repro-
ductive structures of this species were
characteristic of the Halymeniaceae, Crypto-
nemiales.
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Materials and Methods

The materials used for the present study
were :

1) Hananose, Kagoshima Prefecture, 10

June, 1959, collected by T. TANAKA &
Y. Nozawa (Holotype and Isotype de-
posited in the herbarium of Faculty of
Fisheries, Kagoshima University).

2) Hikigawa, ca. 15m deep, Wakayama
Pref., 26 Nov., 1984, collected by T.
YOSHIDA (SAP 047798).

3) Ohara, 25-32m deep, Chiba Pref., 27
Aug., 1985, collected by M. OuHTA
(SAP 047801).

The materials used for anatomical study
were preserved in formalin-seawater except
for the type materials. Sections were made
by hand using a razor blade and stained
with cotton blue solution. They were
mounted in 509 glycerol-seawater on mi-
croscope slides.

Observations

The following observations are based on
the specimens collected at Hikigawa and
Ohara.

Habit: Plants are found scattered over
the host thallus, forming small, irregular-
shaped wart-like masses (Fig. 1, arrow-
heads). Each plant consists of a basal
cushion-like part, up to 5mm in diameter,
and short erect columnar shoots. The erect
shoots, one to twenty in number, develop
from the basal part, up to 5mm high and
I mm in diameter, and the apex of a shoot
is blunt or sometimes pointed (FFig. 2A).
They are somewhat cartilaginous in texture,
with rather smooth surface. The color is

Fig. 2. Kintokiocolax aggregatocerantha (Hikigawa specimens). A.
hosts. B. Cross section of erect shoot.

cortical cell. D.

protuberance (pr) develops from a cell in the branch system. E.
F. Young stage in gonimoblast development.

carpogonium (¢) and hypogynous cell (hc).

filaments (If) produced from cells in the branch system. G.
Pit-connection between auxiliary cell (a)

ment.

Auxiliary cell (a) branch system composed of a single filament.
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Fig. 1. Kintokiocolax aggregatocerantha T a-

Naka et Y. Nozawa., Habit of parasitic plants
(arrowheads) scattered over the host Prionutis
angusta (HArRvEY) OxkaMURA collected at Hiki-
gawa.

usually vyellowish white or at times pale
pink.

Vegetative structures: In longitudiral
section through the host thallus, the para-
site seems to attach to the host by its
flattened layer, showing no connections with
the host in socme areas (Fig. 3A). While in
other areas of the same plant, the parasite
tissue can hardly be distinguishable from the
host tissue and seems to be continuous with
the outer cortical cells of the host. In the
latter case, however, we could not deter-
mine whether connections between the host

Habit of parasitic plants on

C. Young branch system secondarily produced from inner

Note that a lateral
Carpogonial branch system bearing
Lateral
Advanced stage in gonimoblast develop-

and gonimoblast initial cell (gbi) becoming wide.

Lateral filaments (If) produced from neighboring vegetative cells. H. Tetrasporangial formation.
Tetrasporangial initials (ti) cut off from cortical cells as a single side branch.
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and the parasite were established or not
with certainty. No rhizoidal filaments were
detected, although many sections were in-
spected. The erect shoot consists of cortical
and medullary layers. The outer cortex is
composed of regularly dichotomously branch-
ed filaments of small ellipsoid cells (5-8 ym
long x3-4 ym broad), about five cells long,
laterally free from one another. This outer
layer grades to an inner cortex three to
five layers deep composed of larger ellipsoid
or polygonal cells (8-15pxmXx5-8 pum) fre-
quently connected to adjacent cells by sec-
ondary pit connections, and in turn grading
into a medullary region of irregular-shaped
cells also secondarily connected with one
another. The cells in the medulla, some of
which are very large, reaching 90 gm in
diameter, are interconnected by occasional
filamentous cells (Fig. 2B). Most of the cells
in the cortex and the medulla are almost
colorless except for those in the outermost
two or three cortical layers. The presence
of red pigmentation in the latter cells may
show that they play an assimilatory role to
a certain degree, although no evidence is
available to us.

Reproductive structures: In the specimens
at hand, both cystocarpic and tetrasporangial
plants were independently found on the same
host thallus. The auxiliary cell and the
carpogonial branch are formed in the sepa-
rate branch systems which are secondarily
developed laterally from the inner cortical
cells (Fig. 2C, D, E). These branch systems
are identical to the structures called ampullae

of the Halymeniaceae. The carpogonial
branch is two-celled, consisting of a carpo-
gonium and a hypogynous cell (Fig. 2E).
The hypogynous cell seems to be inter-
calarily situated because it has a single side
branch (Fig. 2E). The carpogonium, usually
conical in shape, projects a trichogyne from
the upper portion toward the thallus surface.
The branch system bearing an auxiliary
cell is basically the same in structure as
that bearing the carpogonial branch, and
consists of a few filaments branched at most
to the second order (Fig. 3F). As shown in
Fig. 2D, the auxiliary cell branch system is
often composed of only a single filament.
The auxiliary cell is intercalary, usually the
second cell of the primary filament, or the
first cell of the second order filament issued
from the first cell of the primary one (Fig.
2D). In some cases, the first cell of the
primary filament functions as an auxiliary
cell. The auxiliary cell is easily distinguished
from other cells in the branch system by its
larger size and denser protoplasmic content.

The early stage of post-fertilization de-
velopment was not clarified (a supposed
spermatium attaching close to the top of a
trichogyne was found only in one case
(Fig. 3G)), but the connecting filaments were
clearly observed attached to auxiliary cells
(Figs. 2F, G; 3I). The connecting filament
may cease to grow when the contact with
an auxiliary cell has been established, but
in many cases a new connecting filament is
cut off from other side of the auxiliary cell.
After receiving fertilized nucleus through

Fig. 3. Kintokiocolax aggregatocerantha (A and F-K: Hikigawa specimens; B-E: Holotype and

Isotype).
taches to the host by its flattened layer.
bearing auxiliary cell (arrowhead).

A. Longitudinal section of the plant (above) through its host (below) showing that it at-
B. Cross section of female shoot.
D. Auxiliary cell branch system. E. Young stage in gonimoblast

C. Young branch system

development. Gonimoblast initial cell (large arrowhead) cut off from auxiliary cell (arrow) after con-

tact with connecting filament (small arrowheads).
Supposed spermatium (arrowhead) attached to a trichogyne projected from the surface.
H. Early stage in gonimoblast development showing that gon-

branch system below is out of focus.

F. Sparsely branched auxiliary cell system. G.
Note that the

imoblast initial cell (arrow) has just been cut off from auxiliary cell after contact with connecting

filament (arrowheads).
attached to auxiliary cell.

I. Young stage in gonimoblast development. Connecting filament (arrowheads)
J. Cross section of erect shoot showing mature cystocarps embedded in the

interior of the thallus. K. Tetrasporangia embedded in cortex. Scale bar in B applies also to J, and

D to E-I and K.
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the connecting filament, the auxiliary cell
slightly enlarges and cuts off a gonimoblast
initial cell from the upper portion by con-
cave wall (Fig. 3H). Gonimoblast cells are
successively developed from the initial cell
and they repeatedly divide to form carpo-
sporangia (Figs. 2F, G; 3I). Some cells of
the gonimoblast adjacent to the initial cell
become elongated and remain sterile. In a
developed cystocarp, the gonimoblast initial
cell is elongated to some degree and becomes
difficult to discriminate from the auxiliary
cell lying beneath it (Fig. 2G).

Concurrently with the gonimoblast devel-
opment, the neighboring vegetative cells
together with those of the branch system
produce simple or branched lateral filaments
(Fig. 2F, G). The cells of these filaments
and also the original branch system become
elongated to surround a developing cysto-
carp. In a fully developed cystocarp, how-
ever, the pericarp is scarcely observed
probably because those cells that have sur-
rounded a young cystocarp degenerate after
supplying nutrition. The mature cystocarp
is spherical to hemispherical in shape, 150-
180 #m in diameter, embedded in the interior
of a thallus (Fig. 3J).

Male plants were not found in the present
study.

Tetrasporangial plants can hardly be dis-
tinguishable from the female ones in external
appearance. Tetrasporangial initials are cut
off from the cortical cells in the fourth or
fifth layer from the surface by slightly
curved vertical walls (Fig. 2H). They first
elongate toward the surface, then enlarging
into narrowly ellipsoid sporangia. The
mature sporangium is 37-40(-45)x10-15 pgm
in size, cruciately or decussately divided
(Figs. 2H; 3K). In some plants, irregularly
divided sporangia were abundant, and they
seem to show abnormal development judging
from their poor protoplasmic contents.

Observations on the type materials

The habit and the vegetative structures
of the Holotype and the Isotype were the

same as the original description by TANAKA
and Nozawa (1960). The only different
feature obtained by us is that no rhizoidal
filaments were observed in the sections we
made. The parasite attaches to the host
in the same way as described earlier on
the specimens from Hikigawa and Ohara.

The reproductive structures of the type
specimens obviously differed from those
interpreted by TANAKA and NOZAWA in that
the auxiliary cell and the carpogonial branch
weré separately formed in the secondarily
developed ampullary cell clusters (Fig. 3D),
and that the connecting filament was neces-
sary for activating the auxiliary cell to
produce gonimoblasts (Fig. 3E).

Discussion

As far as the materials examined by us,
including the Holotype and the Isotype, are
concerned, we could not find any rhizoidal
filaments as was reported and figured by
TANAKA and Nozawa (1960, p. 110, fig. 4A,
B). According to our observations, the
plant appears to attach to the host by its
flat surface. There remains some doubt on
the distinct identity of the present alga or
the nature of its parasitism. However, the
independent occurrence of cystocarpic and
tetrasporangial plants on the same host
thallus irrespective as to whether the host
is female or tetrasporangial and the whitish
color of the thallus suggest that it is most
appropriate to treat K. aggregatocerantha
as a parasite.

In the original description, this species
was considered to belong to the Gigartinales
and thus to represent an example of allo-
parasite (FELDMANN & FELDMANN, 1958),
which is minor in the red algal parasites
(GoOFF, 1982). TANAKA and NozawA (1960)
described as follows: “The carpogonial
branch is directly connected by the auxiliary
cell lying beneath it. After fertilization, the
auxiliary cell produces another two or three
nourishing cell groups and forms a large
fusion-cell which brings forth the gonimo-
blast.” Their fig. 3B, C (p. 108), however,
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does not give any exact image on the post-
fertilization events. FELDMANN and FELD-
MANN (1963, p. 558-559) stated that “ A en
juger par les figures publiées, cette attribution
du genre Kintokiocolax aux Gigartinales ne
nous parait pas justifiée”, on the grounds
that the disposition of the differentiated
short filaments is not that of the Gigartinales
but shows the structure very similar to the
carpogonial ampulla characteristic of the
Halymeniaceae. As is clear from our obser-
vations, the above suggestion by FELDMANN
and FELDMANN proves to be true. The
auxiliary cell and the carpogonial branch
are separately formed in the “subsidiary ”
(KRAFT and ROBINS, 1985) ampullary branch
systems. This clearly shows that this
species is non-procarpic and has the repro-
ductive features possessed by the members
of the Halymeniaceae. The process of
gonimoblast development also quite agrees
with those hitherto reported in many species
of the family (cf. BALAKRISHNAN, 1961,
1961a; KAWABATA, 1962, 1963; CHIANG,
1970). This species is an adelphoparasite
as are most of the red algal parasites
(FELDMANN and FELDMANN, 1958; GOFF,
1982).

In separating the genera of the family
Halymeniaceae, the auxiliary cell structure
is considered to be of value by CHIANG
(1970). According to him, the auxiliary cell
ampullary structures can be divided into 5
types in the family from the shape and the
degree of branching, and sparsely-branched
ampulla is more advanced than densely-
branched one. If based on his system, the
auxiliary cell ampulla of this species clearly
falls within the range of advanced category,
or is rather more advanced than any type
because it is often composed of only a
single filament as shown in Fig. 2D. This
reduced type of ampulla has never been
reported in the members of this family nor
has been observed in the host species P.
angusta (KAWAGUCHI, unpubl.). It might be
possible to say that such a reduction of
ampullary filaments represented by this
species is due to its parasitism.

Until our present investigation, this species
escaped from the attention of other workers.
The reason probably lies in its rare occur-
rence, but also in the fact that it is only
found on the Prionitis angusta collected from
deeper places as is known from the collec-
tion data. Diligent search in the subtidal
zone might bring more specimens suitable
for further investigation.
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