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Abstract: A history of sea ice biota studies which were carried out at Syowa Sta

tion (69°00'S, 39 °35'E) and its vicinity is outlined. The process of the surface commu

nity formation in ice floes, the bimodal proliferation of ice algae in the bottom layer of 

fast ice and the algae-copepod-fish link associated with fast ice were mainly investi

gated. Based on the results obtained from the Syowa Station area and those from other 

locations, the distribution of ice algal communities, the seasonality in formation of the 

ice algal community and the food chain associated with sea ice are discussed. Finally, 

a need for comparative research on Arctic and Antarctic ecosystems is suggested. 

1. Introduction 

The importance of ice algae as one of the primary producers in the ecosystem of 

ice-covered seas has been widely recognized (ALEXANDER, 1974; HORNER, 1985; SMITH 

and SAKSHAUG, 1990; KNox, 1994 ). Japanese scientists who have participated in the Japa

nese Antarctic Research Expedition (JARE) have been interested in ice algae since the 

early stage of JARE activity which commenced in 1956 to cooperate with the scientific 

research of the International Geophysical Year (IGY). Accordingly, field studies on the 

ice algae by Japanese scientists have been mainly carried out in the vicinity of Syowa 

Station (69°00'S, 39°35'E), Antarctica, and some comparative studies were done in the 

Arctic (MEauRo et al., 1967) and along the northeastern coast of Hokkaido, Japan, fac

ing the Sea of Okhotsk (HosHIAI and FuKUCHI, 1981; TAKAHASHI, 1981 ). As an extension 

of the above-mentioned activities, field studies on sea ice biota, both plants and animals, 

associated with sea ice, started in 1992 in Saroma-ko lagoon, Hokkaido, northern Japan 

and in the Resolute Passage, Northwest Territories, Canada, as part of the Japan-Canada 

Complementary Study (FUKUCHI et al., 1995). 

In this report, we outline the history of ice algae studies carried out by Japanese 

scientists to provide some basic information on the sea ice biota to glaciologists and 

meteorologists whose cooperation with biologists is essential to further ecological un

derstanding of sea ice biota. 

2. Ecological Research in the Syowa Station Area 

In the early stage of the JARE, biologists noted brown-colored sea ice en route to 

Syowa Station. It was reported that microorganisms were observed in the colored ice 

(MATSUDA, 1961; FUKUSHIMA, 1961) and pioneering work was done by MEGURO (1962). 

He detected such a high chlorophyll a standing stock as 97 mg/m2 in the brown layer 
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stained by diatoms in the lowermost part of the snow accumulated on sea ice floes. Based 

on the fact that the brown layer was formed at the level corresponding to the sea water 

surface, he assumed discoloration process as follows. The sea ice was depressed by snow 

which fell during winter. The lowermost part of the snow layer was immersed in sea 

water which contained seeds of micro-algae. In spring to summer, the inoculated seeds 

grew to stain the snow brown, absorbing solar radiation supplied through the snow layer. 

In mid-summer, the brown layer was broken and the algae returned to the water column 

surrounding the floe. This scheme of seasonal cycle of the ice algal community has been 

widely accepted (e.g. HORNER, 1985). HosHIAI and KATO (1962) examined the species 

composition of diatom communities in the ice floe sampled north of Syowa Station and 

made a comparison with that of phytoplankton communities in the water column. The 

species composition of the former was different from that of the latter, though some 

species were common to both habitats. 

In 1965, the investigation of ice algae in the fast ice area became possible due to the 

commissioning of the new powerful icebreaking research vessel, FuJI. FUKUSHIMA and 

MEGURO ( 1966) discovered another brown layer at the bottom of the fast ice north of 

Syowa Station. They named it "bottom type plankton ice", distinguishing it from the 

brown layer formed between snow and ice, "surface type plankton ice". HosHIAI (1977, 

1981) observed the distribution of ice algal biomass in terms of chlorophyll a and 

phaeopigments with chlorinity and pH of the ice melt water and their seasonal changes 

throughout the 1970 winter season after preliminary winter research on the formation of 

the ice algal community in 1967 (HosHIAI, 1969). The conclusions in his report were that 

the extremes in ice algal biomass occurred twice a year, in autumn and spring-summer, 

at the sea ice bottom; that the algal biomass of autumn and spring-summer communities 

were comparable, about 30 and 35 mg chl.a/m2
, respectively; that the chlorinity was 

high just above and below the layers in which algae bloomed; that the pH value was high 

in the whole layer of sea ice in autumn, decreased in winter and recovered in spring

summer. The seasonal variation of pH was interpreted as a result of photosynthesis of 

ice algae. Autumnal and the spring-summer increases of ice algae were observed in 1968 

by NARUSE et al. (1971) and in 1983 by WATANABE and SATOH (l 987) in the Syowa Sta

tion area. In addition, WATANABE and SATOH ( 1987) reported the notable increase of dia

toms at the interface of snow and ice in the spring-summer of 1983. They assumed that 

the inoculumn of diatoms came up from the interior community based on the similarity 

of species composition in both communities (WATANABE et al., 1990). 

A considerable proportion of diatom species which appeared in the brown layer 

were composed of colonial species. They adhere to ice crystals or become suspended in 

the interstices between ice crystals. When they grow up, the colonies overflow the inter

stices and extend out of the undersurface of sea ice and hang as strands from the sea ice 

bottom. WATANABE (1988) reported that algal strands 10-15 cm in length in early No

vember grew up to 50-60 cm by early December in 1983. Various sized fragments of 

strands were tangled with the towing rope of a plankton net in spring-summer. SASAKI 

and HosmAI ( 1986) mentioned that they might settle immediately on the sea floor. 

The naupliar larva of a calanoid copepod, Paralabidocera antarctica, occurred in the 

brown layer of sea ice in autumn and resided there during winter (HosHIAI, 1981 ). They 

grew slightly in autumn, stopped growing in mid-winter and restarted growth in spring-
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summer, feeding on ice algae (HosHIAI et al. , 1987). Furthermore, it was clarified that 

the larva was one of the major winter foods of the young of a nototheniid fish, Pagothenia 

borchgrevinki (HosHIAI et al., 1991). Harpacticoid copepods were also common con

stituents of the sea ice meiofauna throughout the year but their number was less than 

that of P. antarctica. Due to taxonomical difficulty, detailed information on the ecology 

of harpacticoids has not been acquired. 

3. Discussion 

3.1. Distribution of ice algal communities 

In the early stage of ecological research on the sea ice biota, it was thought that the 

surface community formed at the snow-ice interface was distributed in the pack ice in 

summer (MEGURO, 1962; BURKHOLDER and MANDELL!, 1965). ACKLEY et al. (1979) re

ported later that ice algae were widely distributed not only in the surface and the bottom 

parts but also in the interior part of ice floes in the pack ice area of the Weddell Sea. 

ACKLEY ( 1982) ascribed the mechanism of interior community formation to the incorpo

ration of microorganisms accompanied by the floating and aggregating frazil ice in the 

pack ice region. However, the distribution of chlorophyll a in the interior part was shown 

extensively in the fast ice area (HosHIAI, 1981) as well. The interior part of this ice might 

be composed of columnar ice. Further studies are necessary to draw out conclusive ex

planation for the interior community formation. It was a popular understanding that the 

bottom community was ubiquitous in the fast ice area in contrast to the surface commu

nity (BUNT, 1968; GRuzov, 1977; HosHIAI, 1981). WHITAKER (1977) reported ice algal 

communities at various parts of sea ice in the coastal area of Signy Island. Recently, 

ACKLEY and SULLIVAN ( 1994) surveyed ice algal communities in relation to their habitats. 

According to two previous reports, it seems that any part of sea ice may be potentially a 

habitat of a dense population of ice algae because physical and chemical conditions are 

suitable for their growth. 

3.2. Seasonality in the formation of the ice algal community 

MEGURO ( 1962) speculated that the surface community might be formed in spring

summer on ice floes. BARS DATE and ALEXANDER ( 1977) observed remarkable algal growth 

in floes newly formed in autumn near Biscoe Islands (66°S, 66.5°W). GARRISON and 

CLOSE (1993) reported that the ice algae were concentrated in the bottom of ice floes 30 

to 50 cm thick in the period between mid-June and early July in the region surrounded 

by 59°S, 6 l .5°S latitude and 40°W, 49°W longitude in the Weddell Sea. FRITSEN et al. 

( 1994) observed the autumnal ice algal communities formed in the free board layer of 

drifting pack ice in February to June between 7 1.4 °S and 65.8°S along 53°W longitude 

in the Weddell Sea. 

As mentioned above, the bottom community was common in the fast ice area. Al

though one peak in algal biomass in summer had been observed in McMurdo Sound 

where SULLIVAN and his coworkers had done intensive field work on the ecology and 

physiology of ice algae, two peaks were observed at Mirny (BUINITSKY, 1977; GRuzov, 

1977), Casey (MCCONVILLE and WETH ERBEE, 1983) and Davis (PERRIN et al. , 1987) in 

addition to Syowa Station (HosHIAI, 1981; WATANABE and SATOH , 1987). The autumnal 



28 T. HosHIAI and K. WATANABE 

increase of ice algae was observed in the new bottom ice layer in May 1983 (WATANABE 

and SATOH, 1987) but HosmAI ( 1981) discovered the algal blooming in the bottom layer 

of summer-persisting ice in the Syowa area. 

As reported by HosttrAI ( 1985), the growing season of ice algae is longer than that 

presumed in the early stage of ecological research on ice algae. This implies that the role 

of ice algae as one of primary producers is more important to the ecosystems in the ice

covered seas than presumed before. 

3.3. Possible sources of ice algae in floes in the pack ice area 

In the Syowa Station area, the break-up of land fast ice sometimes occurs in late 

autumn. The breaking-up of the marginal part of the fast ice area is normal. Relatively 

extensive break-up of the fast ice field occurs frequently, and almost complete break-up 

occurs sometimes in late autumn. When the broken chips of fast ice flow out, they trans

port many algal cells, mostly concentrated in the bottom part, into the pack ice area (Fig. 

1 ). There, they collide with each other and are disbanded into smaller fragments with ice 

algae, that could release micro-algae into the water column. Immediately after disband

ing, aggregation of ice with the algae occurs to form new floes in the sea surface, when 

the water temperature is at the freezing point. 

In the newly formed ice floe in the pack ice area, increase of ice algae occurs in the 

bottom part as observed by GARRISON and CLOSE ( 1993) and in such new ice floes the 

occurrence of a similar process of disbanding and freezing is expected. WATANABE ob

served, from an aircraft, brown colored small ice floes and slush among the floes spread

ing extensively in the pack ice zone north of Syowa Station in March-April, 1994. The 

brown color was thought to show the growth of diatoms in and/or attached to sea ice. In 

addition to the algal cells incorporated into the interior parts of ice floes with nucleation 

and scavenging by frazil ice (ACKLEY, 1982), the algal cells proliferated in the sea ice 

and recycled in the sea surface layer are considered as an important inoculumn of sea ice 
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Fig. 1. Schematic representation of formation processes of ice algal 

assemblage in the Antarctic pack ice area. 
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communities in the pack ice area. 

3.4. Food chain associated with sea ice 

To evaluate the importance of ice algae in the ecosystem of an ice-covered sea, we 

should consider their high abundance, their concentrated distribution in the particular 

parts of sea ice and their presence in winter, when the primary production by phytoplank

ton is very little. The dense population of algae is beneficial for the feeding of such 

consumers as amphipods (RAKUSA-SUSZCZEWSKI, 1972; RICHARDSON and WHITAKER, 1979), 

euphausiids (MARSCHALL, 1988; DALY 1990) and copepods (DAHMS and DIECKMANN, 1987; 

HosHIAI et al., 1991; KURBJEWEIT et al., 1993; MENSHENINA and MELNIKOV, 1995). As the 

algal cells which grow in autumn are retained in the sea ice throughout the winter, am

phipods and euphausiids feed on them at the undersurface of the sea ice and/or pockets 

in the sea ice and copepods feed within the interstices at the bottom. The above-men

tioned crustacean herbivores are food for secondary consumers such as fish, birds and 

mammals. 

3.5. Bipolar comparison of ice associated ecosystems 

Field work on the ecology of sea ice biota in both polar seas has been carried out in 

some limited regions but the comparison of the results obtained from both seas has been 

purely conceptual, based on such general knowledge as the assumption that the majority 

of the Antarctic sea ice is first year but that of the Arctic sea ice is multi-year. In fact, 

however, there is a first year ice in the coastal waters of the Arctic and multi-year ice in 

the coastal areas of the Antarctic. The precise comparison of the structure and function 

of ecosystems in both polar seas is essential to identify the similarity and dissimilarity 

between the ecosystems, taking into account the temporal and spatial environmental 

variations of the research area. ANDRIASHEV ( 1968) examined the ice-associated ecosys

tems in the Arctic and the Antarctic seas and pointed out their similarity, which has been 

comprehensively accepted. 

In 1974, a conference was held at McGill University, Canada, in which the neces

sity of coordinating research in both polar oceans was stressed. At present, however, as 

HosHIAr et al. ( 1996) mentioned, the comparison of the winter survival of copepods in 

the sea ice of both seas is difficult, because of the lack of winter data in the Arctic. 

Accurately comparable studies are indispensable to further our understanding of the 

polar sea ecosystems. 
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