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A taxonomic review of Kjellmania arasakii based on the materials newly collected at Yashiro Island, Seto
Inland Sea, Japan revealed that the species is identical with Stictyosiphon soriferus, which is distributed widely
in North Atlantic Ocean. At Yashiro Island, Stictyosiphon soriferus grows on subtidal artificial substrata at a
depth of 3-4m. The thallus is 3-4 times irregularly branched, delicate, attaining about 20 cm in height

and forms abundant plurilocular sporangia.

In culture the swarmers from plurilocular sporangia

developed into protonemata on which erect thalli directly arose. The polystichous, branched erect thalli
grew well and formed plurilocular sporangia between 5-20°C, although best between 10 and 15°C.
Unilocular sporangia were formed only in 5°C short day conditions.
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Yamada (1953) described Kjellmania arasakii
based on some drift materials collected at
Fukagawa in Tokyo Bay by S. Arasaki during
1951 and 1952. However, this report was
preliminary, lacking Latin descriptions and
detailed descriptions of the species. Yamada
mentioned that he intended to publish a sec-
ond report including a detailed description,
but it has not been published. Arasaki and
Nozawa (1953) cultured the same material as
Yamada studied and reported the occurrence
of erect filamentous gametophytes from the
swarmers of the field plant; however, they
could not complete the life history. They
reported a Laminaria-type of germination of
the swarmers in which most cellular contents
migrated into the germination tube forming a
emptied embryospore. However, such a ger-
mination pattern is rather uncommon in the
Dictyosiphonales in which the genus is
placed, and does not agree with previous
reports on the life history of Kjellmania and its
closely related genus Stictyosiphon (Sauvageau
1929, Rosenvinge 1935, South and Hooper
1976).

The genus Kjellmania was established by

Reinke (1889) based on Kjellmania sorifera
Reinke collected at Kiel, Baltic Sea.
However, the distinction between Kjellmania
and Stictyosiphon has been disputed, and
Kjellmania is generally now recognized as a
taxonomic synonym of Stictyosiphon (Rosen-
vinge 1935, Rosenvinge and Lund 1947, Nay-
lor 1958, South and Hooper 1976). On the
other hand, the characters used to distinguish
Kjellmania arasakii from Kjellmania sorifera
(= Stictyosiphon soriferus), such as the manner of
branching, and presence or absence of interca-
lary plurilocular sporangia, seem to be rather
variable and need revision. In addition, the
life history of K. arasakii is not yet fully clear.
Accordingly, this paper aims to reexamine
the morphology and life history of K. arasakii
using the type specimen and newly collected
materials referable to the species, and to com-
pare it with specimens of Atlantic Stictyosiphon
sortferus, including authentic materials, to
clarify its systematic status.

Materials and Methods

Collections of specimens were made at
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of collections.

Yashiro Island, Yamaguchi Prefecture, Seto
Inland Sea (Fig. 1, 33°55'N, 132°20°E) on 15
May 1986 using SCUBA. The type speci-
men of Kjellmania arasakii (SAP 027286,
Fukagawa, Tokyo Bay, Fig. 1, leg. S.
Arasaki, 4 February 1951) and permanent
preparations made from the type material by
Y. Yamada, as well as some additional her-
barium specimens collected by Arasaki (2
January 1951, 26 January, 2, 23, 25, 26
February 1952) were examined. Additional
materials as follow were also examined:
Japanese herbarium specimens referable to
Kjellmania  arasakii  collected at Sasebo,
Nagasaki Pref. (Fig. 1) (leg. S. Migita, April
1955) and Anan, Tokushima Pref. (Fig. 1)
(—5mdeep, leg. S. Arai, 14 February 1984);
herbarium sheet of Stictyosiphon soriferus (as
Kjellmania sorifera Reinke, January and June
1888, Kiel, collected and identified by Reinke
placed in B. M.); permanent preparation of
Stictyosiphon soriferus (leg. P. Kornmann and
P.-H. Sahling, 26 August 1960, Helgoland);
fresh and liquid preserved material of Stictyosi-
phon soriferus (15 April 1989, Portsmouth,
England).

Morphological observations by light
microscopy were made on living materials,
specimens preserved in 3-5% formaldehyde-

Distribution of Stictyosiphon soriferus (Reinke) Rosenvinge in Japan.

Squares show the localities

seawater and permanent preparations made
from dried herbarium specimens.

Cultures were started from
released from plurilocular sporangia on the
erect thalli collected on 15 May 1986 at
Yashiro Island, Seto Inland Sea. For com-
parisons in the morphology, life history and
response to day length-temperature condi-
tions, culture strains of Stictyosiphon soriferus
from Portsmouth, England (Kawai SSO-1),
Denmark (Pedersen strain no. 42), and Ber-
gen, Norway (Kawai SSO-3) were also cul-
tured. Swarmers were pipetted onto glass
slides and cultured in glass vessels containing
200ml of PESI medium (Tatewaki 1966).
The sets of culture conditions used were 5°C
SD (short day; 8: 16hLD), 5°C LD (long day;
16: 8hLD), 10°C SD, 10°C LD, 15°C SD,
15°C LD, 20°C SD and 20°C LD, under
white fluorescent lighting of approximately
30 gmolm~2s~! (5°C) or 50 gmolm~2s~!
(10°C, 15°C, 20°C). A temperature
gradient plate was also used to investigate
high lethal temperatures under long-day con-
ditions (16: 8hLD).

swarmers

Results

Habitat and morphology of the plant at Yashiro Is-
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land and morphology of other Japanese materials
The plants grow densely on concrete ex-
perimental substrata for algae at a depth of 3-
4 m below Mean Low Water Level, together
with Punctaria sp. The erect thallus is 3-4

times irregularly branched, without an obvi-
ous main axis, pale yellow in color, delicate
and attains 20 cm in height (Fig. 2). In cross
section the thallus consists of four large color-
less central cells surrounded by 1-2 layers of
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small pigmented peripheral cells (Fig. 9). In
longitudinal section the central cells are
rounded, 80-110X70-100 ym in size (Fig.
4). Terminal and lateral (often opposite)
phaeophycean hairs are present (Figs. 5, 6, 9,
10). Plurilocular sporangia form by repeated
divisions of peripheral cells (Figs. 6-10).
They are usually formed in groups of 2-4
sporangia each containing 4-8 loculi in the
surface view, square to rectangular in the
shape, 12-16 X 10-14 #m in length and width
in surface view (Figs. 5, 10). In the terminal
thinner branches of the thallus where inner
cells are not differentiated, entire peripheral
cells transform into plurilocular sporangia
which appear as intercalary sporangia (Fig.
5). The basal part of the plant attaches to the
substratum by rhizoidal filaments (Fig. 3).
Unilocular sporangia were not detected.

The materials from Sasebo and Anan (Fig.
32) agreed well with the specimens from
Yashiro Island in general appearance and in-
ternal structure.  Both materials had
plurilocular sporangia which agreed with
those of Yashiro Island in morphology (Figs.
33, 34). Unilocular sporangia were not de-
tected.

Culture experiments on the plant from Yashiro Island

Swarmers released from plurilocular
sporangia (plurispores) are pear-shaped, 6-
11X 5-7 pm in length and width, containing a
chloroplast with an eyespot, and provided

with two laterally inserted flagella, a longer
anterior (14-16 #m in length) and a shorter
posterior one (ca. 6 #m in length) (Fig. 11).
Released swarmers swim for some minutes
and then settle on the glass (Fig. 12). Sexual
fusions among the swarmers were not ob-
served. Abnormal swarmers in which two or
more individual swarmers coalesced with
each other, when released through the release
pores of the sporangia, were often observed.
Such abnormal swarmers settled and devel-
oped in the same way as normal swarmers.
In 1-2 days they germinate forming a germ
tube (Figs. 13, 14), and develop into bran-
ched prostrate filaments (protonemata) which
do not form reproductive organs (Fig. 15).
On the protonema, several erect thalli with
terminal phaeophycean hairs develop (Fig.
15). Erect thalli are first uniseriate filaments
of intercalary growth, then they undergo lon-
gitudinal divisions to become polystichous
and differentiate large colorless inner cells.
Erect thalli form irregular or opposite bran-
ches (Fig. 16). Lateral, often opposite,
phaeophycean hairs are present on the erect
thalli (Figs. 16, 17). Cells of the erect thalli
as well as the protonema contain many dis-
coid or elongated chloroplasts with prominent
pyrenoids (Fig. 18). Rhizoidal filaments is-
sue from peripheral cells in the basal portion
of thallus as well as in the upper portion in
older thallus. By means of the rhizoids, the
erect thalli attach to the substrata firmly, or

Figs. 2-10. Stictyosiphon soriferus (Reinke) Rosenvinge in the field. (Figs. 3-9. Preserved materials stained
with toluidine blue). Fig. 2. Habit of the field plant collected at Yashiro Island, Seto Inland Sea on 15 May 1986.
Fig. 3. Basal part of the erect thallus showing rhizoidal filaments (arrow). Fig. 4. Micrograph focused on the cen-

tral part of the thallus showing large rounded inner cells.

Fig. 5. Parenchymatous branches and intercalary

plurilocular sporangia on a terminal branch (arrow). Fig. 6. Surface view of mature erect thallus forming abun-
dant plurilocular sporangia (arrow). Fig. 7. Cross section of upper thin part of mature erect thallus forming pro-
truded conical plurilocular sporangia. Fig. 8. Cross section of thicker part of mature thallus forming immersed
plurilocular sporangia. Fig. 9. Cross section of thicker part of thallus showing rounded inner cells. Fig. 10. Sur-
face view of erect thallus showing plurilocular sporangia, released swarmers (arrow) and emptied sporangia

(asterisks).
Figs. 11-25.

Stictyosiphon soriferus (Reinke) Rosenvinge in culture. Fig. 11. Swarmer (pluri-spore) released

from plurilocular sporangium. a, anterior flagellum; p, posterior flagellum. Fig. 12. Settled swarmer. Figs. 13,
14. Germination of swarmer. Fig. 15. Young erect thalli arising on prostrate filaments (protonema, arrow). Fig.
16. Opposite and unilateral branches on erect thallus. Fig. 17. Surface view of mature erect thallus. Fig. 18.
Peripheral cells containing many discoid chloroplasts with prominent pyrenoids. Fig. 19. Surface view of thicker
part of mature thallus showing grouped plurilocular sporangia among vegetative peripheral cells. Figs. 20, 21.

Lateral views of immersed and protruded type of plurilocular sporangia.

Fig. 22. Intercalary plurilocular

sporangia formed on terminal thin part of the thallus. Fig. 23. Emptied plurilocular sporangia (asterisks). Fig.

24. Unilocular sporangia.
flagellum; p, posterior flagellum.

Fig. 25. Zoospore (uni-spore) released from unilocular sporangium.

a, anterior
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entangle with each other.

The erect thalli developed and formed
plurilocular sporangia in all culture condi-
tions examined, but they grew faster, and at-
tained their maximum length of 15-20 cm in
10°C and 15°C. In 5°C short day conditions
they formed unilocular sporangia, sometimes
mixed with plurilocular ones. Plurilocular
sporangia are formed by repeated divisions of
the peripheral cells. The shapes of them are
rather variable depending on their position on
the thallus, age and culture conditions (Figs.
17, 19-23). Almost flat plurilocular sporan-
gia as well as protruded ectocarpoid ones are

Figs. 26-31.
the type material (SAP 027286).
sporangia. Fig. 28. Longitudinal section of mature erect thallus forming both unilocular (arrow) and plurilocular

sporangia in the preparation of Y. Yamada.

observed. In the terminal part of the thallus
where inner cells do not develop, the whole
surface of the thallus transforms into
plurilocular sporangia, which appear as inter-
calary sporangia (Fig. 22).  Unilocular
sporangia are conical or irregularly spherical,
sessile, formed from the peripheral cells, 28-
30 % 20-28 p#m in length and width (Fig. 24).
Zoospores (uni-spores) released from unilocu-
lar sporangia are about 7 X5 g#m in length
and width provided with two, longer anterior
and shorter posterior, flagella (Fig. 25).
Swarmers from plurilocular sporangia as well
as zoospores from unilocular sporangia germi-

Type specimen and permanent preparations of Kjellmania arasakii Yamada. Fig. 26. Habit of
Fig. 27. Surface view of the type material forming immersed plurilocular

Figs. 29, 30. Terminal thinner part of the thallus forming
plurilocular sporangia (arrow) in Yamada’s preparation.

Fig. 31. Surface view of mature erect thallus in

Yamada’s preparation showing individual swarmers (arrow) and emptied loculi (asterisk) of plurilocular

sporangia.
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Figs. 32-34.

February 1984 by S. Arai.
Sasebo, Nagasaki Pref. on April 1955 by S. Migita.

nated and developed in the same manner as
the original swarmers. In situ germinations
of the swarmers or zoospores in the sporangia
were often observed, especially in old cul-
tures. The high lethal temperature was 25-
26°C in the Yashiro Island strain.

Morphological observations on the type specimen of
Kjellmania arasakii

The erect thallus is 3-4 times irregularly
branched, without an obvious main axis, and
attains 15 cm in height (Fig. 26). In lon-
gitudinal section the thallus consists of large
rounded colorless central cells of about
100 X 90 ##m in longitudinal section, surround-
ed by 1-2 layers of small pigmented cells (Fig.
28). Plurilocular sporangia are abundant,
formed by divisions of peripheral cells, 35-
40 X 25-30 pm in surface view, somewhat pro-
truded from the surface (Fig. 27, 31). In the
terminal thinner part of the thallus each locu-
lus of the sporangia is strongly protruded
(Figs. 29, 30), however, not completely in-
dependent as shown in fig. 15 in Arasaki &
Nozawa (1953). Rounded sessile unilocular
sporangia immersed in the peripheral cells are
also present, about 30 X 25 #m in length and
width (Fig. 28).

Culture experiments on Atlantic Stictyosiphon
soriferus
All of the three European strains of Stictyosi-

Herbarium specimens of Japanese Stictyosiphon soriferus (Reinke) Rosenvinge.
Habit and surface view of the specimen forming plurilocular sporangia collected at Anan, Tokusima Pref. on 14

Figs. 32, 33.

Fig. 34. Surface view of the specimen forming plurilocular sporangia collected at

phon soriferus (SSO-1, SSO-3, Pedersen no.
42) showed direct type of life histories and
formed plurilocular sporangia. In the Den-
mark strain a few unilocular sporangia were
formed in 3°C short day conditions. The
high lethal temperature in the Portsmouth
strain was 24-25°C.

Discussion

The specimens from Yashiro Island agreed
well with the type material of Kjellmania
arasakii, in appearance and general anatomi-
cal features, such as size and branching pat-
tern of erect thalli, and shape, arrangement
and size of inner and peripheral cells. The
plurilocular sporangia of the Yashiro Island
plant also agreed with figs. 1-4 of Yamada
(1953) and those of the type specimen and his
permanent preparations. Plurilocular sporan-
gia are formed by repeated divisions of
peripheral cells, as in Kjellmania and Stictyosi-
phon.  Although the nature of the sporangia
is a little obscure in figs. 1-3 of Yamada
(1953), the examination of type permanent
preparations (Figs. 29, 30) revealed that they
are the same as those of Yashiro Island plant
(Figs. 2, 22). However, the plurilocular
sporangia shown in fig. 15 of Arasaki and
Nozawa (1953) seem to be rather different
from them, because each loculus of the sporan-
gium is independent at the base in cross sec-
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tion. Such kinds of plurilocular sporangia
are reminiscent of those of Coelocladia arctica
Rosenvinge and Litosiphon subcontinuus (Rosen-
vinge) Lund (Rosenvinge 1898, Pedersen
1976).

Naylor (1958) reviewed the genus Stictyosi-
phon and its four European species (e.g. S. tor-
tilis (Ruprecht) Reinke, S. adriaticus Kiitzing,
S. soriferus, and S. griffithsianus (Le Jolis) Hol-
mes et Batters). According to her, S. adriati-
cus and S. soriferus have rounded inner cells in
longitudinal sections, while S. tortilis and S.
griffithsianus have longer ones. Further-
more, S. soriferus is distinguished from .
adriaticus in having a solid thallus and more
uniformly sized and arranged inner cells. In
Europe the former has a more northern distri-
bution than the latter. Compared with these
species, Kjellmania arasakii agrees well with Stic-
tyosiphon soriferus in its anatomical features.
Yamada (1953) distinguished Kjellmania
sorifera and K. arasakii in the manner of
branching and absence of intercalary sporan-
gia in the latter. However, the differences in
the branching manner are apparently within
the range of variations caused by age and
growing conditions. As mentioned above, in
this species the intercalary sporangia are es-
sentially the same as those formed on the sur-
face of the thicker thallus. Furthermore,
since the specimens Yamada (1953) examined
were all drift materials, terminal thinner ma-
ture portions could have been already lost.
Detailed comparisons with the herbarium
specimens and live or liquid preserved materi-
als of European specimens of Stictyosiphon
soriferus (cited in Materials and Methods)
with those of Kjellmania arasakii in the present
study also showed no distinctive differences
between the two taxa.

In culture, the plants from Yashiro Island
showed a direct type of life history and formed
unilocular and plurilocular sporangia. This
life history pattern agreed well with the cul-
ture results of Rosenvinge (1935) and South
and Hooper (1976) on Stictyosiphon soriferus, as
well as the results on the Atlantic culture
strains in the present study. Although
unilocular sporangia were not reported in the

culture of South and Hooper (1976), this
difference may be due to the limited day
length conditions (12: 12hLD) examined in
their experiments. The fact that the field
material of Kjellmania arasakii collected at
Fukagawa in Tokyo Bay on February had
some unilocular sporangia agree with the
present culture results in which unilocular
sporangia were formed in lower temperature
(5°C) short day conditions corresponding to
winter at Tokyo Bay.

On the contrary, the culture results of
Arasaki and Nozawa (1953) differ from those
in the previous reports and present work on S.
sortferus in the following points; 1) Laminaria-
type of germination in which most cellular
contents migrate into germ tube and the em-
bryospores become almost empty; 2) the thalli
derived from swarmers developed into erect
(gametophytic) filaments and formed
clustered plurilocular sporangia resembling
those of Botrytella (=Sorocarpus); 3) swarmers
from the plurilocular sporangia were sup-
posed to be gametes, (actual copulations were
not observed but presumptive zygotes with
two stigmata were found) and the presump-
tive zygotes developed into parenchymatous
sporophytes. With regard to 1), Laminaria-
type (mediate filamentous type) germination
is rather rare in the order Dictyosiphonales
and not reported in Stictyosiphon. The rare
known exception in the order is the case in Coe-
locladia arctica (Pedersen 1976). About 2), as
Arasaki and Nozawa (1953) also mentioned,
such plurilocular sporangia differ from those
known in Stictyosiphon, and are rather similar
to those of Coelocladia arctica. Concerning 3),
since they did not observe actual copulations
nor complete the life cycle, their explanation
of the erect filaments derived from the origi-
nal swarmer as gametophytes is question-
able. In fact, the presumptive gametophytic
filament illustrated in fig. 7 of Arasaki and
Nozawa (1953) has some longitudinal walls,
resembling those in the sporophytic thallus in
their fig. 13. Settled swarmers provided with
two (or more) stigmata can also be caused by
abnormal coalescences of the swarmers as
observed in the present culture. This
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phenomenon may occur by too low or high
temperature treatment during transportation
or storage. Accordingly, it is presumed that
the material Arasaki and Nozawa (1953) used
for culture (at least the swarmers from which
cultures were started) was somehow different
from the specimens sent to Yamada. Judg-
ing from the germination pattern and the mor-
phology of the erect thalli and sporangia, the
entity of the material Arasaki and Nozawa cul-
tured is most likely a Coelocladia. This
hypothesis is also supported by the recent find-
ing of Coelocladia arctica from Japanese waters
(at Oshoro, Japan Sea coast of Hokkaido;
Kawai and Sato 1991). However, specimens
referable to Coelocladia were not found in the
herbarium specimens sent by Arasaki to
Yamada and deposited in SAP.

In conclusion, through the detailed morpho-
logical comparisons and culture experiments
in the present work, there are no essential
differences distinguishing Kjellmania arasakii
from  Stictyosiphon soriferus.  Accordingly,
Kjellmania arasakit is considered to be taxonom-
ically identical with Stictyosiphon soriferus at the
species level. The species is distributed wide-
ly in the central part of Japan as shown in Fig.
1. Although the geographical distribution of
the species in Japan seems to be a little more
to the south than in Europe, there were no
remarkable differences in the high lethal tem-
peratures between Japanese and European
strins. Judging from the culture results, the
species could be expected to have a much
wider distribution in Northern Japan and
other Pacific Ocean areas.
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