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Loricate and scale-bearing protists from Liitzow-Holm Bay,
Antarctica II. Four marine species of Paraphysomonas
(Chrysophyceae) including two new species from the
fast-ice covered coastal area*
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In a one year survey carried out from February 1983 to January 1984 at four sampling sites in
the fast-ice covered coastal area north of East Ongul Island (69°00'S, 39°35’E), Antarctica, four
marine species of Paraphysomonas (Paraphysomonadaceae, Chrysophyceae) were found. They were
recorded for the first time in the Antarctic, and two of these species are new to science. One of these,
P. antarctica n. sp., belongs to the imperforata group, and the other, P. oligocycla n. sp., to the foram-
inifera group. The two previously described species are P. vestita and P. butcheri.
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Since the time that two new marine
species of the originally monospecific genus
Paraphysomonas were described by Lucas
in 1967 (Lucas 1967), many freshwater
and marine species of this genus have been
found in many parts of the world. Until
now, 48 taxa in total have been described.
Among them, 39 have been found in
freshwater, 6 in seawater, and 3 in both
fresh and sea-water (REEs et al. 1974;
Presic and HisBerp 1982a, 1982b;
Wujek 1983). They were classified into
11 groups based on their scale structures
(Pressic and HisBerp 1982b, 1983). One
of the marine taka, P. imperforata is widely
distributed in brackish water and seawater
from the coast of Norway in the Northern
hemisphere (LEADBEATER 1972) to the

* This research was supported in part by the
Grant in Aid for Scientific Research No. 59540421
from the Ministry of Education.

coast of New Zealand in the Southern
hemisphere (MoksTrup 1979). This or-
ganism, showing little variation in scale
structure, have been recorded from fresh-
water lakes and ponds in many countries
between Sweden in the Northern hemi-
sphere (CronBErRG and KRisTiaNsEN 1980)
and Chile in the Southern hemisphere
(DUrrscaMiDT 1980). The type species of
this genus, P. wvestita, is also recorded from
many freshwater and some seawater lo-
calities throughout the world (Preisic and
HisBernp 1982a). Altogether, this genus
is widely distributed in both freshwater
and seawater all over the world from ca.
65°N to 40°S.

Furthermore, four marine species of this
genus, two of them new to science, were
found in the fast-ice covered coastal area
north of East Ongul Island, Antarctic
Ocean. One of the new species belongs
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to the imperforata group and other to the
foraminifera group.

Their characteristics are described and
the taxonomy of the imperforata group is
discussed in this paper.

Materials and Methods

Seawater and sea ice core samples were
collected at four sampling sites (Stations 1,
3, 4 and 5) on the fast-ice at the coastal
area north of the Syowa Station, East
Ongul Island (69°00'S, 39°35’E) in the
Litzow-Holm Bay, from February 1983
to January 1984 (Map. 1). The depth to
the sea bottom at Stations 1, 3, 4 and 5
were ca. 12, 38, 160, and more than 700
meters respectively. Seawater samples
were collected with a Van Done bottle
from the following depths at each station:
2,5,8 and 11 m at St. 1; 2, 5, 10, 15, 25
and 35 m at St. 3; 2, 5, 10, 25, 50, 75, 100
and 150 m at St. 4; 2, 5, 10, 25, 50, 75,

100, 150, 200, 400 and 600 m at St. 5. In
addition to these samples, surface water
samples were taken in 0.5/ polyethylene
bottles from a depth of ca. 10 cm at the
sampling hole at each station. Fast-ice
cores were taken with a SIPRE electric
ice core sampler from each sampling sta-
tion. The thickness of sea ice varied
from ca. 50 to 120 cm. Except for one
day, May 3 1983, when the pack ice was
blown offshore, the Ongul Islands remained
icebound.

The climatic and oceanographic condi-
tions in this area have been described in
another paper (WATANABE et al. 1986).

The method used to examine the sea-
water and sea ice samples by use of the
scanning electron microscope (SEM) is
described in a previous paper (TAKAHASHI
et al. 1986). For transmission electron
microscopy (TEM), both live and fixed
concentrated water samples were mounted
on collodion carbon coated grids (ca.

ANTARCTICA

39°35'F 39°40'F
T |
e St.5
e St.4
st.3 0544 g

69°00'S

©Syo'wa Station R
EAST ONGUL ISL. &
&
[

Oy Gl/(

Q 0 1 2km 469°03's
| IR T |

Map. 1. Map showing four sampling sites on the fast-ice in the coastal area north of East Ongul Island,

Antarctica.
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Figs. 1-3.  Paraphysomonas antarctica n. sp.; Tig. 1. an intact cell, Fig. 2. typical scales, Fig. 3.
shafts and rod-like tips of spines. (all scale bar shows 1 gm)
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0.02 m/ on each), desiccated in an electric
oven and shadowed by Pt-Pd alloy at an
angle of ca. 20°. These grids were ex-
amined with a JEM-100B TEM. Part
of the samples were examined by JSM-T-
100 SEM.

Results and Discussion

Four species of Paraphysomonas were
found in these water samples: two new
species, P. antarctica n. sp. and P. oligocycla
n. sp., and two described species, P. vestita
and P. butcher:.

Paraphysomonas antarctica sp. nov. (Figs.
1-5)

Cellulae mobiles incolorata, sphaericae
3.1 ym (2-4.3 ym) in diametro. Flagella
duo, inaequalia; alterum 6 (4-8)-plo lon-
gius cellulae longitudine et 19.3 um (12.5-
27 ym) longum, alterum brevius 2.9 ym
(1.8-4.5 um). Corpus cellulae
numerosis tectum. Squamae e discis bas-

squamis

alibus orbicularibus sine margine incrassato,
1.38 um (0.9-1.75 um) in diametro et e
spinis centribus cylindricis 2.4 ym (1-3.25
um) totis longis apice bacilliformi 0.52 ym
(0.3-0.7 um) longo compositae. Cystae
ellipsoideae collo simplici, 5.58 um (5.0-
6.3 ym) in axe maiore, 5.47 um (4.6-5.9
um) in axe minore, 5.31 um (4.9-5.8 um)
altaec excludentes collo. Collum humile
1.16 um (1.06-1.27 ym) in externo diam-
etro, 0.24ym (0.2-0.3 um) altum, poro
centrali sine annulo 0.56 um (0.55-0.65 um)
in diametro.

Lecta ab autore ipso in mari glaciolento
in area septentrionali insulae Ongul ori-
entalis, Antarctica: holotypus in herb. Inst.
Biol. Kobe Univ. conservatus.

Iconotypus: Fig. 1.

Cell motile, colourless, spherical, 3.1 um
(2-4.3 ym) Flagella two,
unequal; the longer flagellum pleurone-
matic, the length about 6 (4-8) times that

in diameter.

of the diameter of the cell body, 19.3 um
(12.5-27 ym) in length; the shorter one
acronexhatic, 29 um (1.8-4.5 ym) long.
Cell body covered with scales consisting of
a basal plate and a central spine. Basal
plate of scale spherical without upturned
or thickened margin, 1.38 um (0.9-1.75
um) in diameter; central spine consists of
tubular and cylindrical shaft, 1.88 ym
(0.7-2.55 yum) long, and thinner apical rod
terminating in a round tip, 0.52 ym (0.3-
0.7 um) long. Cyst slightly ellipsoidal,
smooth, with a low collar, 5.58 um (5.0-
6.3 um) in major axis, 5.47 um (4.6-5.9
pm) in minor axis, 5.31 um (4.9-5.8 ym)
high excluding collar height. Collar sim-
ple, 1.16 um (1.06-1.27 yum) in outside
diameter and 0.24 ym (0.2-0.3 um) high
with a pore without annulus 0.56 yum
(0.55-0.65 ym) in diameter.

This species was collected from the
fast-ice covered coastal area north of East
Ongul Island, Antarctica.

Fig. 1.

This species was collected from seawater
and sometimes from the bottom portion
of sea ice at every station in the following
months; from seawater, April 1983 and
January 1984 at St. 1; March, June and
September to December 1983 and January
1984 at St. 3; March 1983 at St. 4; June,
July and September to December 1983 and
January 1984 at St. 5; from the bottom
portion of sea ice, April 1983 at St. 1, and
January 1984 at St. 3. It appeared in
every sampling site and was found through-
out the year in this coastal area. At
Stations 3 and 5, it appeared as a dominant
phytoplankton during the period from
August to December 1983.

As all the cells collected from every
sampling site during the period surveyed
were covered with monotypic scales of a
homogeneous structure, this scale structure

Type figure:
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Figs. 4, 5. a cyst of P. antarctica n. sp.; in upper view (Fig. 4, SEM) and in side view (Fig. 5, SEM).
Figs. 6, 7. P. imperforata; Fig. 6. scales from L. Saroma, Japan, Fig. 7. scales from Western Australia.

(all scale bar shows 1 gm)
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can be considered stable.

P. antarctica is classified in the imperforata
group based on a scale structure consisting
of a basal disc plate without a thickened or
upturned margin and a central spine
with a basally thickened portion and a
distally thinner portion. It can be dis-
tinguished from P. imperforata by the
following characteristics: 1) in P. an-
tarctica, the diameters of the cyst and the
basal plate, and the length of the spine
are twice as much as those in P. imperforata;
2) the spine consists of a cylindrical shaft
and a thin rod-like tip, the ratio of tip to
spine in length being 1/4.6, whereas it is
1/2 in P. imperforata; 3) the thickness of
the spine at the median portion, in between
the basal and the distal portions, changes
abruptly, whereas in P. imperforata this
happens gradually within a length of ca
0.1 um; 4) taxonomical weight of such
features as cell size and flagellar length is
not as great as scale structure, as these
features vary under different environ-
mental conditions. However, the long
flagellum of P. antarctica is slightly longer
than that of P. imperforata and is 4 to 8
times the diametre of its cell, whereas that
of P. imperforaia 3 to 4 times the diameter
of its cell.

In the Northern hemisphere, P. imper-
forata s. str. has been recorded from sea-
water in Norway (LEADBEATER 1972),
Denmark (TrOMSEN 1975, except for his
group 2), England (Lucas 1967; His-
BERD 1979), Israel (THoMsEN 1978), Fin-
land (THoMsEN 1979), and Japan (Taka-
HasHI 1981). In the Southern hemisphere,
it has been recorded in New Zealand
(MoEesTtruP 1979) and Western Australia
(this paper). Among cells and scales
found in Denmark and designated as P.
imperforata by TromsEN (1975), a cell (his
figure 11) and a scale (his figure 8) differ

Dimensional characteristics of P. antarctica n. sp. and of the P. imperforata complex.

Table 1.

References

ity*z

Local-

Tip 1./
Spine 1.

Spine 1./Base
plate diam.

Spine Tip
length (#m)

(total 1.) (um)

Spine length

Base plate

diam. (u#m)

Scale:
Form¥*!

diam. (u#m)

Cell

Species

coastal area, Antarctic

Lucas (1967)

M.

1/4.6
1/2

1.73 (0.9-2.5)
1.25 (5:4)

2.4 (1.0-3.25) 0.52 (0.3-0.7)

1.38 (0.9-1.75)
0.77 (0.7-0.85)
0.7 (0.64-0.76)
0.86 (0.72-0.97)

0.7 (0.5-0.9)
1.08 (0.7-1.5)

1.4-1.5

C
C
C
G
G
G
C
E
E
E

3.1 (2-4.3)
4.5 (3.8-5.1)

antarctica

M.

1.0 (0.88-1.13) ca. 0.5
0.76 (0.7-0.82) 0.45 (0.4-0.52) 1.1 (0.99-1.22)

imperforata

do.

Japan (Lake Saroma)

M.

1/1.7

3.5 (1.7-4.3)

W-Australia (TAKAHASHI)

TromseN (1975)
TuoMmseN (1975)

M.

1/1.7

1.34 (1.0-1.68) 0.8 (0.67-1.03) 1.56 (1.17-2.15)

do.

M.

1/2.7
1/8

1.9 (1.1-2.7)
3.2 (1.9-4.1)

ca. 2.7
3-3.6

0.43 (0.4-0.6)
0.38 (0.2-0.6)

0

1.17 (0.8-1.6)
3.18 (2.6-4.2)
3.9 (2.8-4.2)

do. (group 1)

M.

do. (group 2)

TaxauasHI (1976)

do. (fo. no. 1)

TaxkanasH1 (1976)

F.

0.2-0.25 1/30

2.2-2.5x1.9-2.0 7.0 (5.1-8.5)

do. (fo. no. 2)

do.

Preisic & Hisserp (1982)

(0.8-4.2)

2.1-3.0x1.6-1.9 4.1-5.1

(1.7-5.1)

Krine & KrisTransen (1983)

do. (fo. no. 3)

marine, F=freshwater)

*2, M=

elliptical ;

(*1, G=circular, E
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from other scales described as P. imperforata
and resemble more those of P. antarctica
than those of P. imperforata. His scales
have the same three dimensional char-
acteristics as scales of P. antarctica (Table
1). This suggests the existence of an
antarctica-like taxon in the Northern polar
region.

Besides the above seawater localities,
scales and cells of P. imperforata have been
recorded from many freshwater localities
(ANDERSEN 1978; CronBErRG and Kris-
TIANSEN 1980; DurrscamipT 1980; His-
BERD 1979; Jacossen 1985; Kring and
Kristiansen  1983; KristTianseN 1976,
1978, 1980, 1983, 1985, 1986; NicHOLLS
1981la; Premsic and HiBBerp 1982a; Roi-
Jjackers 1981; Rorjackers and KesseLs
1981; Skogstap 1982; Takanasur 1976,
1978; WawrzyNIAKk and ANDERSEN 1985;
WEeE 1982; Wujek 1983, 1984). These
freshwater specimens designated as P.
imperforata deviate from the type by dis-
tinctive differences in scale structure.
They are divided into three groups based
on scale structure; Forma no. 1 contains
scales consisting of a circular plate and a
long curved spine terminating in a round
tip; Forma no. 2 contains scales consisting
of an elliptical plate and a long, straight,
cylindrical spine terminating in an abrupt-
ly and acutely pointed minute tip (TAxa-
HAasHI 1976, 1978); and Forma no. 3,
which consists of an elliptical base plate
and a curved long spine terminating in a
round tip, has been found in Canada by
Krine and Kristiansen (1983). Preisic
and HieerDp (1982a), the first to examine
cells of Forma no. 2, considered that this
organism might be a separate taxon.
Whereas, THoMsEN (1975) and Lee (1978)
questioned the separation of species of P.
vestita and P. imperforata because scale and
spine structure shows a gradual transition

from one species to the other. In another
study many cells of P. imperforata Forma
no. 2 which were collected from lakes and
ponds in Alaska were examined. It is
concluded that Forma no. 2 should be
considered a separate species because all
the scales of examined cells were homo-
geneous and stable in structure. A tax-
onomic treatment of Forma no. 2 will be
published in a subsequent paper. As for
Forma no. 1 and Forma no. 3, two different
kinds of scales may characterize two
separate species. Further investigation is
necessary.

The cyst shown in a previous paper
(TakaHASHI et al. 1986, figure 24) is not
that of P. imperforata but belongs to P.
antarctica.

Paraphysomonas oligocycla sp. nov. (Figs.
8,9)

Cellulae mobiles incoloratae, sphaericae,
6.2 ym (6-6.5um) in diametro. Corpus
cellulae squamis numerosis tectum. Squa-
mae e discis basalibus orbicularibus mar-
gine complanato vel leviter incrassato
0.6 um (0.47-0.8 ym) in diametro a duobus
ad quattuor annulis concentricis paribus
constantibus numerosis foraminibus per-
foratis et e spinis centralibus deminutis
apice rotundato 0.78 um (0.5-0.9 um) lon-
gis compositae. Lecta ab autore ipso in
mari glaciolento in area septentrionali
insulae Ongul orientalis, Antarctica: holo-
typus in herb. Inst. Biol. Kobe Univ.
conservatus.

Iconotypus: Fig. 8.

Cells spherical to slightly ovoidal, 6.2
um (6-6.5 um) in diameter, covered with
scales. Scale consists of a spherical basal
plate and a central spine; basal plate with
or without slightly thickened margin, 0.6
um (0.47-0.8 ym) in diameter, ornamented
with two to four concentric rings of ir-
regularly shaped perforations; spine slight-
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Figs. 8, 9. P. oligocycla n. sp.; Fig. 8. typical scales, Fig. 9. scales with spine having swollen basal
portion. (all scale bar shows 1 gm)
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ly tapering, with or without swollen basal
part, terminating in a round tip, 0.78 ym
(0.5-0.9 um) in length.

It was collected from the fast-ice covered
coastal area north of East Ongul Island,
Antarctica.

Cyst unknown.

Type figure: Fig. 8.

This species was collected from seawater
in January 1984 at St. 1 and St. 5, and in
March 1983 at St. 4, and also from the
bottom portion of sea ice in April 1983 at
St. 1.

P. oligocycla is placed in the foraminifera
group together with P. foraminifera Lucas
1967, P. circumforaminifera Wujek 1983,
and P. takahashii CRONBERG et KRISTIANSEN
emend. THOMSEN et al. 1981. It is dis-
tinguished from the others by structural
differences of the scales: three outer and
five inner rings of perforations in the
basal plate in P. foraminifera; only one ring
of perforations just inside the upturned
margin in P. circumforaminifera; and evenly
and closely distributed perforations in the
basal plate and three-forked spine base
in P. takahashii.

Between two to four rings of perforations
were found in the basal plate of P. oligo-
cycla. A basal plate with three rings of
perforations was 54.39, of all scales ex-
amined, that with two rings 34.39%,, and
that with four rings 11.39%,. The number
of perforations in the outer ring of the
basal plate with three rings of perforations
was 27 (20-30), that in the middle ring 18
(6-22), and that in the innermost one 13
(4-16). The perforations in the middle
and innermost rings were arranged ir-
Scales
of some cells possessed a central spine

regularly and varied in number.

with a swollen basal portion as observed
in  Spiniferomonas  bourrellyi  (NIGHOLLS
1981b). The swollen portion varied from
8 to 419%, (mean 249,) of the whole spine
length.

Paraphysomonas vestita (Stokes) DE
SAEDELEER 1929

(Figs. 10, 11)

This species, one of the most widely
distributed species of this genus, has been
recorded mainly in freshwater. At Sta-
tion 1, many scales were collected from
the middle and bottom parts of sea ice in
April 1983, and from seawater in April
1983 and January 1984. Cysts were col-
lected from the middle part of sea ice in
April 1983.

The scale consists of a circular basal
plate with a wide upturned margin and a
tapering central spine terminating in a
pointed tip. Spines of Antarctic specimens
varied from 0.1 ym to 4.2 ym in length,
which was shorter than those in other
localities; e.g. Japanese specimens varied
from 1.3 um to 7.0 ym in length (TAka-
HasHl 1978). The cyst, 8.6 um in di-
ameter in the Antarctic material, was also
smaller than that in Japanese material
(11 ym in diameter, TakanasHr 1978).
Although Lee (1978) found that P. vestita
is capable of euryhaline growth in a wide
range of salinities, records for this species
in seawater are very few (LEADBEATER
1972; Tuomsen 1975, 1978; Lee 1978;
TakauasHr 1981). The salinity of sea-
water at Station 1 was 3.296-3.4079,
throughout the year.

This is the first record of P. vestita in the
Antarctic.

Paraphysomonas butcheri PENNICK et
CLARKE 1972

(Fig. 12)

A few cells of this species were collected
from seawater in March 1983 at Stations 1
and 4. All of them were covered with
plate scales only. Cells were spherical
and 2.85um (2.4-3.2um) in diameter,
and plate scales were elliptical and 0.79
pm (0.7-0.82 ym) x 0.55 ym (0.5-0.63 um).
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Figs. 10, 11.  P. vestita; scales (Fig. 10, TEM) and a side view of cyst (Fig. 11, SEM). Fig. 12. SEM
image of P. butcheri.  (all scale bar shows 1 gm)
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The scales were slightly smaller than those
in the type material (PENNICK and CLARKE
1972).

This is the first record of P. buicheri in
the Antarctic.

The distribution of marine species of
Paraphysomonas in the Southern hemisphere
has not been fully described. Prior to
1984, only two records of this genus had
been made in this area. P. uvestita was
discovered at Durban, Natal, RSA (Lke
1978), and P. imperforata s. str. and P.
butcheri in the coast of New Zealand by
MoestruP in 1979 (Mogstrur 1979).
The four species recorded in this paper and
collected from the Antarctic Ocean, and
P. imperforata s. str. collected from the
Mundura Estuary near Bunbury, Western
Australia, comprise the third and most
recent record of this genus in the Southern
hemisphere.
distribution of this genus as wide in the
Southern hemisphere as in the Northern
hemisphere.

These collections suggest a

If adaptation to severe en-
vironmental conditions promotes a wide
distribution, then the four marine species,
reported in this paper as living under low
water temperature and low light intensity
beneath the Antarctic fast-ice, must indeed
be widely distributed.

In the past, they were overlooked be-
cause they are easily destroyed or trans-
formed by fixatives, and too small to be
examined alive under a light microscope.
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