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Abstract Quantitative floral analyses have been performed on sea water and sea-ice
samples collected from two sites near East Ongul Island in Liitzow-Holm Bay, An-
tarctica. Fifty-nine diatom species and varieties belonging to 28 genera were identified
in the samples. Nine species dominate the sea water assemblage ; Chaetoceros neglectum,
Chaetoceros tortissimus, Fragilaria (?) sp. a, Nitzschia curta, Nitzschia cylindrus, Nitzschia
lecointei, Nitzschia turgiduloides, Nitzschia vanheurckii and Porosira pseudodenticulata.
High abundance of the following 10 species characterize the sea-ice assemblage;
Berkeleya sp. a, Eucampia balaustium, Nitzschia closterium, Nitzschia curta, Nitzschia
cylindrus, Nitzschia lecointei, Nitzschia stellata, Nitzschia turgiduloides, Pinnularia
quadratarea, Pleurosigma sp. a, Rhizosolenia alata and Tropidoneis sp. a. Floral com-
position of the sea water and sea-ice samples are reflected in those of the underlying
surface sediments of the bay, while diatoms with poorly silicified valves are less common
in the sediment flora compared to the water column and/or sea-ice floras. Two im-
portant species associated with sea-ice and the underlying water, N. curtaand N. cylindrus,
occur commonly in the sediments after allowing for dissolution, and the predominance of
these two forms may be a good indicator of the environment covered and/or strongly
influenced by sea-ice. Other corrosion resistant ice forms, resting spore of Eucampia

balaustium and Pinnularia quadratarea, have also been discriminated as supplementray
guide taxa for near ice environment.

Introduction

Austral summer diatoms from sea water and the overlying sea-ice collected by
the biological investigation members of the 23rd and 24th Japanese Antarctic Research
Expeditions (JARE) in 1982 and 1983 were examined. This study is supplementary
to the diatom distribution analysis done on the sediments of Liitzow-Holm Bay,
Antarctica (TANIMURA, 1990). The bay is covered with coastal fast ice, and hence
diatoms in the sediments consist of sea-ice and sea water floras. The composition
and distribution of these floras and their relationships to modern oceanographical and
sea-ice conditions provide information to interpret the sediment flora and to recon-
struct the paleoceanographic history of the bay. In this paper we describe the diatom
floras in 16 sea water and 4 sea-ice samples obtained from two stations near East
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Fig. 1. Location of stations (bathymetry by MoriwAKI and YOsHIDA, 1983). Bathymetric con-

tours are shown in meters. The information of sea-ice conditions at and around the stations
is available in Kusunoki (1975, 1981) and WATANABE and SATOH (1987).

Ongul Island, and compare them with the diatom flora found in the underlying
sediments.

Location of sea water and sea-ice samples are shown in Fig. 1, and other in situ
physical, chemical and biological data are given in FukucHi er al. (1885) and
WATANABE et al. (1986).

Material and Methods

The material used was obtained at the stations during March 1982 through
December 1983.  Water column samples were collected with 5-liter Van Dorn bottles
at 5-25 m intervals from the upper 50 m water column. These samples were fixed
with 1-29; borex-buffered formalin. Sea-ice cores were obtained using a SIPRE
coring auger. Each sea-ice sample was returned to a laboratory, melted at room
temperature and preserved with a mixture of acetic acid and formalin (1: 1). Prior to
the counts of diatoms, taxonomic examination was carried out on a light microscope
at <1250 magnification with direct transmitted light and Nomarskii differential
interference contrast, and on a scanning electron microscope for several sea water
and sea-ice samples. For permanent slide preparation, 10 to 20 m/ of sea water or
I to 2 m/ of ice water samples were filtrated with 0.8 um Millipore filters (type AA)
for desalting. These filters were gently washed with distilled water to remove any
adhering diatom cells, and permanent slides were made after the methods of TANIMURA
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(1990). For scanning electron microscopic observation, diatom valves were collected
by filtration of the same water samples within 0.8 xum Millipore filter.

Counts of both relative diatom species abundance and absolute diatom cell number
were performed on the sea water samples. With the exception of several sea water
samples containing poorly preserved diatom valves, relative abundance of each diatom
species in a flora was estimated by counting over 1000 diatom valves while traversing
a Fuchs-Rosenthal ruling blood-counting chamber under a light microscope at 600 x.
Cell number in each sea water sample was estimated by scanning and counting the
entire field of combined plate chamber (Wild, 50 m/) with an inverted-microscope at
400 x. For the sea-ice samples only relative species abundaces were estimated with
Pleurux-mounted slides.

Results

Sixteen samples from three water columns were analyzed in this study; one
taken on December 3, 1982 from the central part of the Ongul Strait (St. 5) and the
rest taken on March 2, 1982 and January 27, 1983 from the northwestern off East
Ongul Island (St. 3). Seven samples (St. 3, Jan. 27, 1983=0m, 5m, 10 m, 15 m,
20m, 30 m; St. 3, Dec. 3, 1982=10 m) contain a large number of poorly preserved
Chaetoceros species. In the water samples, it is probable that the proportion of
species with rather heavily silicified valves are more common compared to the water
column at each sampling site.

Thirty-nine marine taxa were identified in three water columns (Table 1). All
sea water samples are dominated by large to very large numbers of Chaetoceros and/or
Nitzschia species. The floral composition of six water samples taken from St. 3 on
March 1982 is more or less uniform throughout the water column except for changes
in the abundance pattern of diatom cells (Fig. 2). Several species of the genus
Chaetoceros are the dominant constituents of the samples, over 80%; and up to 909,
and those of the genus Nitzschia are also common in almost all samples, 8-19 9.
Four species belonging to these two genera, Chaetoceros neglectum, Chaetoceros
tortissimus, Nitzschia cylindrus and Nitzschia turgiduloides, together comprise over
849, of the flora in the quantitative analysis. Navicula glaciei, Nitzschia closterium,
Nitzschia curta, Nitzschia lecointei and Thalassiosira gracilis are also present nearly
uniformly throughout the water column. None of these forms, however, reach 2%
in the flora.

In contrast to these samples, the spectrum of diatom species found in six water
samples obtained from the same station on January 1983 is somewhat variable within
the water column. High abundance or common occurrence of Gomphonema sp. a,
Navicula glaciei and Nitzschia cylindrus in the uppermost portion of the water column
and those of Chaetoceros species, Nitzschia curta, N. turgiduloides and N. vanheurckii
in the lower to middle part of the water column are the characteristics of this
spectrum.  Nitzschia stellata, Pinnularia quadratarea and Thalassiosira gracilis are
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Table 1. Diatoms found in water column and sea-ice. G.I.L.=consolidated grease ice layer,
with asterisks represent

WATER COLUMN
Station 3
DIATOM TAXA
March 2, 1982 January 27, 1983

O(m) 5(m) 10(m) 20(m) 30(m) 45(m) O(m)  5(m) 10(m)

Actinocyclus actinochilus

Amphiprora kjellmanii 1
A. kufferathii 3 1 1

A. oestrupii 1 2 1 1

A. spp.

Amphora sp.
Asteromphalus hyalinus
Berkeleya sp. a 2

Chaetoceros bulbosum

criophilum

dichaeta

neglectum 818 693 824 700 789 796 6 22
trotissimus 95 65 71 60 68 60

. spp. 8 65 68 119 47 52 13*  1076* 1978*
Cocconeis sp. 1

Corethron criophilum 1 1

Coscinodiscus bouvet 1

C: sp.

NaNOH o

Dactyliosolen antarcticus

Diploneis sp.

Eucampia balaustium 1 1

Fragilaria (?) sp. a

Fragilaria sp.

Gomphonema sp. a 39 8 12
Grammatophora gaussii 1

Haslea trompii-+

H. trompii var. major 2
Navicula directa

N. glaciel 2 1 2 2 1 40 2 10
N. Jjejunoides 1

N. spp. 2 | 3 3 1
Nitzschia angulata

N. closterium 22 4 5 3 1 2 3
N. curta 3 19 4 12 4 2 72 99
N. cylindrus (A) 2 38 10 4 17 201 20 21
N. cylindrus (B) 38 4 46 23 16

N. kerguelensis

N. lecointei 8 5 1 4 2 2

N. obliquecostata 8

N. ritscheri 1
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S.L.=consolidated snow layer and M.P.—melt pool. Valve number of Chaetoceros species

poorly preserved specimens.

Station 3

WATER COLUMN

Station 5

Mar. 5, Oct. 13, Dec. 3,

SEA-ICE

St. 3 St. 5

January 27, 1983 December 3, 1982 Nov. 10,
1983 1983 1983 1983
15(m) 20(m) 30(m) 0(m) 10(m) 25(m) 50(m) G.I.L. G.IL. S.L. M.P.
15
1 1 1
9 16 4
1 1 1
1 1
1
5 4 186
2
2
42
10 7
372*% 535  192* 12* 11 24
4
15
1
16
1 1
113
11 48 71
3
1 6 27 5 3
1 | 2 1
29
7 2
12 1
2 12 5 1 88 8 9
14
2 1 7 19 148
192 160 103 27 47 7 7 110 61
18 20 14 9 41 790 5
697 6 19
17
96 9 6 72 78 181
37 4

44 4
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Table 1.

DIATOM TAXA

'WATER COLUMN

Station 3

Mach 2, 1982 January 27, 1983

0(m) 5(m) 10(m) 20(m) 30(m) 45(m) 0O(m) S5(m) 10(m)
Nitzschia separanda 7
N. stellata 1 11 11
N. subcurvata 4 2 5 3 1
N. sublineata
N. taenia 3 | 2 4 6 16
N. turgiduloides 151 71 15 76 82 36 2 17
N. vanheurckii 6 3 7
N. spp. 9 2 7 4 3 23 18
Odontella weissflogii 1 3
Pinnularia quadratarea+
P. quadratarea var. constricta 1 1 1 2 18 18
Pleurosigma sp. a
Pleurosigma spp. 2 5
Porosira pseudodenticulata +
Porosira spp. 2 3 2
Rhizosolenia alata--
R. alata f. inermis
Stellarima furcatus
Synedra sp. 1 4 30
Thalassiosira gracilis 8 2 2 4 2 1 13 3
T ritscheri
T. spp. 5
Thalassiothrix longissima
T. sp.
Tropidoneis belgicae 1 2
T. gaussii 1 2 1
T. sp. a |
T. sp.
Others 1 2 13 10
Total number of diatom
valves counted 1130 1023 1079 1055 1025 1000 328 1273 2288

also observed regularly in the same water column, but they are never common.

The floral composition in four water samples taken on December 1982 from St.
5 differs markedly from that found in the water columns at St. 3; Chaetoceros species
are rare in the samples from St. 5. In addition, Fragilaria sp. a, Porosira pseudoden-
ticulata and Porosira species are abundant in the upper water column of this site,
while these forms have not been seen in significant numbers in the water column at
St. 3. Nitzschia curta, N. lecointei and N. vanheurckii are, however, common repre-
sentatives of this flora as observed at St. 3.
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WATER COLUMN SEA-ICE
Station 3 Station 5 St. 3 St. 5
January 27, 1983 December 3, 1982 Mar. 5, Oct. 13. Dec. 3, Nov. 10,
- - —— 1983 1983 1983 1983
15(m) 20(m) 30(m) 0(m) 10(m) 25(m) 50(m) G.I.L. ‘G.LL: S:L: M.P.
2
4 3 3 114
5 3 2
1
10 77 1 96
15 42 18 2 13 1 153 5
56 53 31 65 15 111 21 35 8
3 7 9 6 3 3 2 9
21
14 14 4 1 3 93 2 12
3 4 3 160
2 1 2 4
39 524 94 8 15
181 1
1
3 17 4 2
1 5
6
32
6
1
1 8
5 415 9
4
i 3 3 14 1 3 9 1 34
688 849 371 447 676 311 38 1142 1098 1251 1075

Four sea-ice samples were analyzed, one taken on November 10, 1983 from St.
5 and the rest taken on March 5, October 13 and December 3, 1983 from St. 3. Of
these, two are obtained from consolidated grease ice layers in fast ice (Table I; G. I.L.)
and the rest are taken from a consolidated snow layer (Table 1; S. L.) and a melt pool

(Table 1; M. P.) on fast ice, respectively.

Two consolidated grease ice samples are

collected from different sea-ice, because multi-year sea-ice flowed away from Liitzow-
Holm Bay on May 5, 1883.
All samples contain abundant well-preserved diatoms.

Forty-six different
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Fig. 2. Cell concentrations of dominant diatoms versus water depth for three water columns.

diatom species and varieties belonging to 22 genera were identified in four sea-ice
samples (Table 1).  Nitzschia cylindrus comprises about 65%, of the flora in the con-

solidated grease ice sample taken from St. 3 on March 5, 1983.

Nitzschia lecointei,



Diatoms in Water Column and Sea-ice in Litzow-Holm Bay 23

N. taenia, N. turgiduloides and Pinnularia quadratarea are also abundant to common
in the sample. These five forms together comprise about 959% of the flora. In
contrast to this sample, the consolidated grease ice sample obtained from the same
station on October 13, 1983, has a more diverse assemblage containing other an-
tarctic diatoms such as Chaetoceros dichaeta, Eucampia balaustium, Navicula directa,
Nitzschia curta, N. lecointei, N. obliquecostata, N. ritscheri, Rhizosolenia alata and
Odontella weissflogii. Among them, E. balaustium, N. curta and R. alata are found in
the sample as dominant species. The predominance of two antarctic diatoms, Nitzschia
cylindrus (about 63 %) and Tropidoneis sp. a (about 33%), is a characteristic of the
flora representing a consolidated snow ice sample. Several other forms are the
minor components of the flora, reaching maximum abundance of <1.5%.

More than 50 % of the diatoms obtained from a melt pool on fast ice are composed
of the species being not abundant in other three sea-ice samples. These species in-
clude; Berkeleya sp. a, Nitzschia closterium, N. stellata and Pleurosigma sp. a. First
three of these forms have been known as “tube-dwelling diatoms™, which make micro-
algal strands on the under surface of sea-ice.

Discussion

Most of diatom species identified have been recorded from modern antarctic
waters and/or sea-ice (FUKASE, 1962; BunT and Woop, 1963; KozLova, 1964; HASLE,
1969: FENNER et al., 1976; KREBs, 1983; MCCONVILLE and WETHERBEE, 1983; GER-
SONDE, 1984; BURCKLE ef al., 1987). Probably, all of the sea water sampes contain a
large number of the diatom valves released from sea-ice and/or microalgal strands
hanging from the under surface of fast ice. Close similarity of the species association
of common Nitzschia species in the water flora to that of the sea-ice is a support for
this inference. In addition, two grease ice samples may partly contain the phytoplank-
ton which are physically frozen onto the underside of sea-ice as GARRISON et al. (1983)
proposed. Significant differences between two grease ice floras support this assump-
tion. These two floras represent different multi-year sea-ice, and the floral difference
is likely due to the difference of water column assemblages physically concentrated
during ice formation. It may hence be usually difficult to distinguish phytoplankton
forms from the epontic species released into water column and mixed with sea water
forms. In the present material Chaetoceros neglectum, C. tortissimus and Fragilaria
(7) sp. a appear to be the common forms that are restricted to the water column,
and Fragilaria (?) sp. a is also commonly found in the underlying sediments (TANI-
MURA, 1990). The two Chaetoceros species are phytoplankton forms. Modern ha-
bitat of Fragilaria (?) sp. a is, however, unknown. This species occurs abundantly
in the uppermost layer of water column at St. 5 with an occurrence of about 30%,.
In the Liitzow-Holm Bay sediments this species is commonly found in two small
areas; one is the central to eastern part of the Ongul Strait near St. 5 and the other
is in Langpollen, a cove which is shallow and covered with coastal fast ice almost
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all the year-round. The fact suggests that sea-ice could also provide a habitat for
in situ growth of this species. More detailed investigation is needed for the proper
evaluation of these alternatives.

A comparison of the floral composition found in the water column or sea-ice
with that in the surface sediments obtained from the sea floor at and around the Ongul
Strait (TANIMURA, 1990; sites=A, B, C, D, E and F) is made. Since the water and
sea-ice floras at two stations represent only a short period, a strict comparison between
the sediment and water column or sea-ice floras is difficult. The available data, how-
ever, show that the species associations in the water column and sea-ice samples are
reflected in those of diatoms in the upper-most layer of underlying sediments, while
the individual species abundances show larger differences between them. Two small
Nitzschia species, N. curta and N. cylindrus, predominate in the water column and
sea-ice assemblages, and are considered to be the most important forms associated
with sea-ice in Liitzow-Holm Bay as previously reported by several workers; they
increase in abundance to Antarctic Continent (HASLE, 1965b), and have been found
in abundance on and/or in sea-ice (Van HEeurck, 1909; HEIDEN and KOLBE, 1928;
HENDEY, 1937; GERSONDE, 1984). These two forms are also abundant or common
in the sediments, and may hence be a good tracer of the environment strongly in-
fluenced by sea-ice, although each species abundance has not been preserved in the
sediment flora for a silica dissolution. Nitzschia cylindrus is less common in the
sediments compared with the water column and sea-ice. There are two forms
in the present N. cylindrus; one smaller and weakly silicified and the other larger
and rather heavily silicified forms. The smaller form is scarce in the sediment
core tops, and the relatively low abundance of N. cylindrus in the sediments could be
caused by the selective dissolution of weakly silicified smaller valves.

The sea water and sea-ice floras contain commonly Eucampia balaustium, Gom-
phonema sp. a, Nitzschia turgiduloides, N. vanheurckii and Pinnularia quadratarea.
These species are also observed regularly in the upper most layer of the sediments,
but it is never common. With the exception of vegetative cell of E. balaustium, these
five species have well silicified valves. In particular, resting spore of E. balaustium
and P. quadratarea have heavily silicified valves being corrosion resistant. Eucampia
balaustium has been exclusively observed in the Southern Ocean (HASLE, 1969), and is
also found as a member of ice flora (e. g. BUNT and WooD, 1963; GERSONDE, 1984).
In contrast to this species, P. quadratarea is a bipolar species (SCHMIDT et al., 1874-;
HENDEY, 1964). In the present material we judged this species as an important species
associated with sea-ice because of the high abundance of the species in the sea-ice.
HosHial et al. (1987) reported this species to be a component of the gut remain in
ice-associated copepod Paralobidocera antarctica (1. C. THOMPSON) from Liitzow-
Holm Bay, which fact supports the judgment. These two forms may hence be sup-
plementary guide taxa for near ice environment. In the water and/or sea-ice floras
Berkeleya sp. a, Chaetoceros species, Navicula glaciei, Nitzschia closterium, N. leco-
intei, N. stellata, Pleurosigma sp. a and Tropidoneis sp. a are extremely abundant,



















































	26022018-105120893-10213
	26022018-105120893-10214
	26022018-105120893-10215



