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Abstract A new brown alga, Zosterocarpus ogasawaraensis

sp. nov. (Phaeophyceae,

Ochrophyta) was collected from the deep water (73—82m in depth) off Haha-jima Island, Ogasa-
wara Islands, Japan. This is the first record of the deep-water brown algal genus Zosterocarpus
from the North Pacific Ocean. This genus differs from all other phacophycean members in having
uniseriate filaments formed by intercalary meristems and plurilocular sporangia formed peripher-
ally by longitudinal cell division on the surface of parental cells. This new species from Ogasa-
wara Islands is distinguishable from the other species of the genus in having laterals with a
rounded apex and a quite clear meristematic zone and in lacking swollen tannin-filled cells.
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Introduction

There is only a few record of the marine deep-
water brown algal genus Zosterocarpus (Phaeo-
phyceae, Ochrophyta) from outside of the Medi-
terranean Sea. This genus was established by
Bornet (1890) on the basis of Z. oedogonium
(Meneghini ex Kiitzing) Bornet collected from the
Adriatic Sea (inside the Mediterranean Sea) and
was defined the features of the genus as branched
uniseriate thalli formed by diffuse intercalary
growth zones or meristems, outward plurilocular
sporangia formed by peripheral divisions of cells
of the laterals, and enlarged tannin-filled cells
scattered and intercalary in laterals (Bornet,
1890; Fritsch, 1945; Hamel, 1931; Berecibar et al.,
2009; Guiry and Guiry, 2013). After fifty five years
the second species for the genus, Z. abyssicola
W.R.Taylor, was described from the Santa Maria
Isl., the Galapagos Islands in the South Pacific
Ocean (Taylor, 1945) and after forty two years
further the third species, Z. australicus Womers-

ley was described from the Investigator Straits,
off Adelaide, the southern Australia in the Indian
Ocean (Womersley, 1987). Recently the type
species, Z. oedogonium, was recorded from Ber-
lengas Archipelago in the Atlantic Ocean (Ber-
ecibar et al., 2009), though there are no subse-
quent reports on the other two species. The genus
has not previously been reported from the North
Pacific Ocean. In consequence of the difficulty in
collecting algal samples from a deep-water floor,
the taxonomic position of the genus is still
unclear.

Recently, as part of review of geographical
change in the Japanese marine benthic algal
flora, the author is investigating deep-water algal
habitats around the Ogasawara Islands, where a
notably rare brown alga, Discosporangium
mesarthrocarpum (Meneghini) Hauck (Disco-
sporangiales), is also distributed (Kitayama,
2012). In this study, to confirm identity of a spe-
cies of Zosterocarpus collected from Hahajima
Island, one of the Ogasawara Islands, the author
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made anatomical observations on the alga using
a microscope.

Material and Methods

The brown algal material referable to the
genus Zosterocarpus was collected from the deep
water (73—-82m in depth) off Hahajima Island in
the Ogasawara archipelago (=Bonin Islands),
Japan by dredge using the research vessel, the
Koyo (87 tonnage), operated by the Ogasawara
Fisheries Center, Tokyo Metropolitan. For pres-
ervation, the material was dried on sheets of
paper or fixed in 10% Formalin-seawater. Ana-
tomical observations were made on the material
using a microscope. Voucher specimens were
deposited in the algal herbarium of the National
Museum of Nature and Science (TNS).

Results

Zosterocarpus ogasawaraensis Kitayama sp. nov.
[Figs. 1-24]

Description: Thalli erect, up to 2.5cm high,
densly tufted, filamentous, brown in colour. Fila-
ments uniseriate, 15-20um in diameter, branched
alternately or laterally, lacking a swollen tannin-
filled cell and a phacophycean hair. Laterals

Table 1.
genus in the world
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straight, arisen from a single cell of the parent
axes, with an intercalary meristem at the base.
Cells cylindrical, 14-78um long in the middle
portion. Apical cells cylindrical or globose,
10-12um in diameter, obtuse or rounded at the
apex. Haptera forked. Plastids numerous, dis-
coid, without pyrenoids. Plurilocular sporangia
peripheral, crustose on the vegetative filaments.

Holotype: TNS-AL 181520 (Fig. 1) deposited
in TNS (National Museum of Nature and Sci-
ence, Tsukuba, Japan), 5 July 2010, leg. T. Kita-
yama.

Type locality: Subtidal from 73m to 82m in
depth, off Hahajima Island, Ogasawara Islands,
Japan (26°44'08—15"N, 142°06'00-21"E).

Etymology: The species epithet ‘ogasawaraensis’
is from the Japanese name of the islands (= the
Bonin Islands).

Japanese name: Rahotsu-midoro (nom. nov.).

Habitat: Growing on or entangled with dead
coral or other benthic algae.

Vegetative morphology: Thalli are erect, up to
2.5cm in height, densly tufted, composed of
numerous filaments, medium brown in colour,
epilithic, attached to rocks or entangled with
grains of dead coral (Figs. 1, 2) by rhizoidal
holdfasts. The filaments are uniseriate, 15-20um
in diameter in the middle portion, branched alter-

Comparisons of habit and morphology among Zosterocarpus ogasawaraensis and other species of the

Z. ogasawaraensis

Z. australicus

Z. oedogonium

Z. abyssicola (Bornet, 1890, Hamel, 1931,

(The present study) (Womersley, 1987) (Taylor, 1945) Berecibar ef al., 2009)
Height of thalli up to 2.5cm 1-2cm 1-2cm 2-3cm
Diameter of filaments
Main portion 15-20 um 20-25um up to 32um up to 45um
Terminal portion 10-12um 7-9um 11-16 4m up to 17um
Length of vegetative cells 14-78 um 20-75um™ 58—65um up to 65um

Basal cells of laterals

Apical cells

Intercalary meristematic
zones

Swollen tannin-filled cells

Depth of habitat

Distribution

situated on the single
cell of the parent axis

obtuse

clear, situated near the
base of the lateral

absent

73-82m

the North Pacific
(Ogasawara Isls.)

situated on the single
cell of the parent axis

acute

diffuse, occurred
irregularly

absent

31-41m

the Indian Ocean
(S. Australia)

situated on the septum of 1-3
cells of the parent axis
acute
diffuse, occurred
irregularly
present™*
55m
the South Pacific
(Galapagos Isls.)

situated on the septum of two
cells of the parent axis

acute

diffuse, occurred
irregularly

present

20-70m

the Meditteranean Sea
(France, Italy, Spain, etc.),
the North Atrantic
(Berlengas Archipelago)

*Calculated using the “L/B” ratio showed in Womersley (1987, p. 36).

**Taylor (1945, p. 79) considered the swollen tannin-filled cells as “sporangia”.
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Figs. 1-9. Zosterocarpus ogasawaraensis sp. nov. from Ogasawara Islands, Japan. 1. Habit showing a thallus (Holo-
type: a dried specimen, TNS-AL 181520). 2. Habit showing tufts of erect filaments. 3. Erect filaments with several
intercalary meristems (arrowheads). 4. Intercalary meristems (arrowheads). 5. Young lateral showing a intercalary
meristem (arrowhead) and rounded apex of apical cell (arrow). 6-9. Plurilocular sporangia (p). 6. Young plurilocu-
lar sporangia. 7. Mature plurilocular sporangia and empty sporangia (e). 8. Young plurilocular sporangia on a
lateral with an obtuse apical cell (arrow). 9. Lateral covered by many plurilocular sporangia showing a rounded apex.
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Figs. 10-24. Zosterocarpus ogasawaraensis sp. nov. from Ogasawara Islands, Japan. 10. Erect filaments with
several intercalary meristems (arrowheads). 11. Terminal portion of erect filament showing a rounded apical
cell (arrow). 12, 13. Holdfasts with a forked hapteron. 14-18. Various stages of young laterals showing a
rounded apical cell (arrow) (c: chloroplast). 19-22. Various stages of pulirocular sporangia (p) on laterals
showing discoid chloroplasts (c). 19-21. Young plirilocular sporangia on laterals. 22. Lateral covered by many
mature plurilocular sporangia. 23. Mature plirilocular sporangia in cluster on an erect filament. 24. Empty
plurilocular sporangia (e) and mature plurilocular sporangia (p) in cluster on an erect filament.
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nately or laterally, lacking a swollen tannin-filled
cell (Fig. 3). Laterals are straight with a quite
clear intercalary meristematic zone (growth
zone) near the base (Figs. 3-5, 10, arrowheads).
Each lateral is arisen from the single cell of the
parent filaments at wide angle (Figs. 4, 5,
14-17), often appearing perpendicular to the cell
(Figs. 9, 14-22). Cells of the erect filaments are
cylindrical, 14-78um in length in the middle
portion. Apical cells of the main erect filaments
are cylindrical or globose, 10-12 um in diameter,
obtuse or rounded at the apex (Figs. 5, §, 11, 17,
20, arrows). Holdfasts are elongate, cylindrical,
rhizoidal, possessing a forked hapteron (Figs.
12—13). Plastids are numerous per cell, disc-
shaped, round to ellipsoidal, 2—4 um in diameter,
without pyrenoids (Figs. 18, 20).

Reproductive morphology: Plurilocular spo-
rangia are formed by longitudinal cell division
peripherally on the surface of parent filaments
(Fig. 6) and short laterals (Figs. 7-9, 19-22).
Mature or empty sporangia usually composed of
4 locules (Figs. 7, 22-24). Locules are 6-9um in
width (Figs. 7, 24). Formation of the plurilocular
sporangia occurs in a cluster, resulting in crus-
tose sori covering the filaments and laterals
(Figs. 7-9, 22).

The specific characters that distinguished
Z. ogasawaraensis from other members of the
genus are shown in Table 1. Z. ogasawaraensis
agrees well with Z. australicus, except for shape
of apical cells on the terminal portion of vegeta-
tive filaments and form of intercalary meriste-
matic zones. The apical cells are acute (angular)
in the known species of the genus, while obtuse
(rounded) only in Z. ogasawaraensis. The meri-
stematic zones are quite clear and situated on the
base of the laterals, while unclear and diffuse in
other species.

Discussion

The new brown alga from the Ogasawara Islands,
Zosterocarpus 0gasawaraensis, pPOSSesses Sev-
eral characteristics of the genus Zosterocarpus:
the branched uniseriate filamentous thalli, the

diffused intercalary meristematic zones in the
vegetative erect filaments, external plurilocular
sporangia formed peripherally on the filaments.
However, Z. ogasawaraensis has no swollen
tannin-filled cell, which is also a significant
generic feature of Zosterocarpus derived from
the type species, Z. oedogonium. According to
Womersley (1987, p. 36), Z. australicus, which
has been recorded only from the southern Austra-
lia since the original description, also does not
have “the occasional swollen cells heavily
packed with physodes”. He did not regard “tan-
nin cells” or the swollen tannin-filled cells as
indispensable to this genus because his species,
Z. australicus has “numerous centrally aggre-
gated physodes” in each cell of the erect fila-
ments. In Z. ogasawaraensis the author could not
observe such a structure in any cells. On the
other hand, Z. abyssicola from Galapagos Isls. has
the swollen tannin-filled cells as Z. oedogonium
does, though Taylor (1945) considered these
swollen cells as “sporangia”’. In addition, in both
Z. ogasawaraensis and Z. australicus laterals are
always arising from the single cell of the fila-
ments, while in Z. oedogonium and Z. abyssicola
basal cells of the laterals are situated on the sep-
tum of the two or three cells of the parent fila-
ments (Table 1). Fritsch (1945, p. 55) noted that
“The genus is distinguished by the position of the
laterals opposite the septa and the presence of
enlarged fucosan-cells with greysh contents.”

These features suggest that Z. oedogonium and
Z. abyssicola are closely related to eath other and
form the genus Zosterocarpus sensu stricto, while
Z. ogasawaraensis and Z. australicus have a pos-
sibility of belonging to any other new taxon in
generic rank outside Zosterocarpus. It may be
possible, for instance, that Z. ogasawaraensis
may relate to the deep-water algal genus
Discosporangium (Discosporangiales), which
has also uniseriate filaments with round apical
cells, unique plurilocular sporangia and plastids
without pyrenoids, though Discosporangium has
no meristematic zone (Kitayama, 2012).

Bornet (1890), Funk (1955) and Pedersen (1984)
placed this genus under the Tilopteridales because
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of that weakly developed parenchyma and
absence of phaeophycean hairs in Z. oedogonium
and Z. abyssicola. However, Fritsch (1945, p. 55)
placed Z. oedogonium under the Ectocarpales,
not the Tilopteridales with some doubt and then
most of the algologists followed the Fritsch's
treatment (e.g., Papenfuss, 1951; Wynne, 1982;
Womersley, 1987; Berecibar et al., 2009). In the
recent emendation of circumscription of the order
Ectocarpales by Rousseau and de Reviers (1999),
however, the order was redefined to include only
taxa possessing an exserted, pedunculated pyre-
noid. Thus it is difficult to place the genus
Zosterocarpus, which has no pyrenoid, under the
Ectocarpales.

Because of insufficiency of information on this
deep-water algal genus, which is not easy to col-
lect for the present, the taxonomic position of the
genus Zosterocarpus is unsolved (Berecibar et al.,
2009) and the definition of the genus is unstable.
Therefore the author places tentatively the new
species from Ogasawara Islands under the genus
Zosterocarpus with Z. australicus. To clarify the
relationship among the Z. ogasawaraensis and
other species of the genus Zosterocarpus, molec-
ular analyses are required.
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