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Abstract 

This paper discusses the environment and ecology of moss community and 
microoganisms of East Ongul Island, West Ongul Island, Ongul Kalven Island 
and Soya Coast, in the Antarctic. 

Moss community was distributed mainly on the west side of the islands and 
developed on the southwest slope. Growth form of cushion of moss community 
is discussed. Blue green algae coexisted with these mosses and restrained the 
growth of each individual. Microclimate of moss cushion was measured with a 
self-recording thermistor throughout the year. Various microorganisms were 
found in the water contained in the moss community and ecological observa
tions were conducted. Discussions were given to ecosystem existing among the 
terrestrial vegetations, sea birds and sea creatures. 
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I. Introduction 

Six .Japanese Antarctic Research Expeditions were sent to the area of Lut
zow-Holm Bay, Antarctica, during the period from 1956 to 1962 (Fig. I). 

These expeditions consisted of 6 summer missions and 4 wintering parties 
at Syowa Station which was established on East Ongul Island in 1957. The 
research area covers East Ongul Island, West Ongul lsland, their immediate 
vicinity, Prince Olav Coast (mainly Soya Coast) and Prince Harald Coast. Biologi
cal specimens collected during these expeditions were subjected to detailed 
analyses by many specialists at various research institutions. 

East Ongul Island, where Syowa Station is maintained, is located at 69°S 
and 39.5°E. This island is in an exposed rock area on the coast of the Antarctic 
Continent (Fig. 2). The continent is covered with snow and ice of about 2,000 
to 3,000 meters thick and the temperature is low, but the climate is gentle in 
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the marginal areas. Especially, East and West Ongul Islands are not influenced 
by katabatic wind, which is common in the Antarctic, and so it is warmer 

there than in the continent. 
Li.itzow-Holm Bay is covered with ice about one to two meters thick, and 

East Ongul, West Ongul, Ongul Kalven and Teoya Islands are in the frozen 
sea for the most part of the year. The fast ice is developing about 100 km from 
these islands to the north, followed by pack ice farther north, the width of 
which is about 200 km even in late summer. Therefore, the islands are not likely 
to be influenced by the open ocean. 

Various kinds of low order plants grow in exposed area of Ongul Islands 
under non-oceanic environment, and many reports were presented concerning 
those plants. FUKUSHIMA (1961, 1962, 1963) conducted a taxonomic research on 
diatoms, mainly of fresh-water algae. Ko-BAYASHI (1963 a, b) made a research on 
the variations of fresh-water diatoms. HIRANO (1959) reported on fresh-water 
algae; SoNEDA (1961) on yeast, T'suBAKI (1961) on fungi, and WATANABE (1961) on 
cultivation of microalgae. HORIKAWA and ANDO (1961) conducted a taxonomic 
research on mosses. The present writer is conducting an ecological research on 
moss community and the microclimate of moss community (1963, 1964 a, b). 

MORIKAWA (1962) reported the species of tardigrada. SuozuK1 (1964 a, b, c, 
d) made a taxonomical study of rotifer, tardigrada and protozoa living in the 
moss-water. ToRIUMI and KATO (1961) observed the living condition of micro 
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fauna and flora among the mosses, and comparing them with protozoa of .Japan, 
made an ecological analysis of the Antarctic protozoa. AOKI (1961, 1964) report
ed on the frost-resistance of the rotifer living in moss community, describing 
that when the rotif ers were slowly frozen only a few of them were found dead 
even at -80°C, and that when they were rapidly frozen the death-rate became 
higher, even at -20°C. 

The writer carried out the observation of the moss community growing on 
East Ongul Island and l .. ang Hovde area, and made an ecological study of the 
moss community and the microorganisms living in the moss community. 

HoRIKAWA and ANDO (1961) stated that there arc only four species of mosses 
on Ongul Island and in its vicinity. They are Ceratodon purpureus, Br_yum argen
teum, Bryum inconnexum and Br_yum ongulense, and no other species were found ever 
since. Br_yum argenteum and Ceratodon purpureus are cosmopolitan species, while 
Br_yum inconnexum and Br_yum ongulense are found only in the Antarctic. Especially 
Br_yum ongulense found on East Ongul Island is listed as a new species. TATSUNO 
(1963) conducted a cytological research on these mosses. 

SuDZUKI (1964 a, b) made an investigation of the microorganisms, such as 
rotifer, tardignda and protozoa living in the moss community. 

The writer wintered at Syowa Station from January 1961 to February 1%2 
and carried out a survey of the distribution of moss community on East Ongul 
Island. The temperature of moss community on East Ongul Island was con
tinuously measured with a recording thermistor thermometer. The growing 
process of moss community living on exposed rock in the Lang Hovde area on the 
coast of Lutzow-Holm Bay was observed, and their growing process in coaction 
with blue green algae was clarified. The writer also studied the ecology of 
protozoa, tardigrada and rotifer living in the standing water of moss community 
and the ecosystem of moss community in the Antarctic tundra. Detailed descrip
tion of ecosystem of moss community in the Antarctic tundra will be given in 
the following chapters. 
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Many mosses arc growing on East Ongul Island where Syowa Station is 
located, and on West Ongul Island and Nesoya Island. But, it is striking that 
no moss was found on Paul-Holmen Island though it is located quite near those 
islands (Fig. 30). Mosses are found on Padda Island in the southernmost part 
of Liitzow-Holm Bay and the exposed rock zone on the Soya Coast which forms 
the eastern coast of Liitzow-Holm Bay. 

In the exposed rock zone on East Ongul Island, Ceratodon purpureus was most 
abundant, intermingling with lichens (AsAHINA, 1962). Lichens are found on rocks, 
whereas mosses dominate on the sands deposited on leeward side of rocks or in 
the crevices of rocks. 

A well-grown moss community is found in the Lang I fovde area which has 
a large exposed rock zone on the Soya Coast. Also, moss community, several 
centimeters thick, looking like a thick carpet, covers an area of about 500 m2

• 

Detailed description will be given in a later chapter. Ceratodon purpureus, Bryum 
inconnexum and Bryum argenteum dominate in this area. 

HoRIKAWA and ANDO (1961) made taxonomical and morphological researches 
on the mosses collected in the Antarctic region. LLANO (1962) described the 
general distribution ol' mosses in the Antarctic. Both mosses and liverworts are 
aboundant in the Antarctic Peninsula, but liverworts are few on the continent 
and even mosses arc limited to the exposed rock zones around the continent. 
RICHARD (1927) concluded that successions of cryptogam on the sands and gravels 
start with the dominance of mosses and end with the dominance of mosses. 
LEACH (1931) stated that in various kinds of soils Ceratodon purpureus has a feature 
of a pioneer in plant community. GrMINGHAM and BIRSE (1957) conducted research 
on the relation between the natural habitat of mosses and their growth form. 
BrnsE (1957) carried out an experimental study on the growth of mosses by 
controlling light and temperature. 

The growing condition and distribution of moss community in exposed rock 
zone on the Soya Coast and on the islands in Lutzow-Holm Bay were not hith
erto studied, which has led to the present investigation of moss ditribution in 
this area. 

From December 31, 1961 to January 5, 1962, an investigation of moss com-
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munity over the whole East. Ongul Island was carried out. 
The most part of East Ongul Island is covered with snow during the winter 

but in summer, especially from .January lo February, the ground is exposed in 
many places. During the summer season sufficient samples were obtained to 
describe moss habitats on East Ongul Island. Since the present study was car
ried out only for one year, some changes might occur in other years. The writer 
surveyed throughly the exposed area on East Ongul Island, inspecting habitats 
of mosses and collecting specimens at every habitat. 

2.1. Method of survey 
East Ongul Island, where Syowa Station is located, is a small island, the 

diameter of which is about 2 km. The sea in this area is frozen all the year 
round, therefore it is possible to walk on the ice to the S,)ya Coast located 
cast of the station, or to West Ongul Island in the southwest. Some parts of 
this island arc exposed throughout the year, but the rest is covered with snow 
from autumn to spring. When summer comes (from December), snow begins 
to melt gradually and the area of exposed rock enlarges. Most of mosses living 
on East Ongul Island are buried under snow during the winter, but are exposed 
in the summer. It is, thcrcf ore, almost impossible to check the mosses during 
the winter. The best season for the observation of their distribution is between 
December and February when the ground is ex posed. The writer carried out 
the general survey of habitats of mosses in February 19bl , and after passing the 
winter, the detailed observation of ha bi tats and coll cct ion of specimen were 
conducted from the end of December 1%1 to the hegining ol' .January I9b�. 
On East Ongul Island, most of their habitats arc on the sands except a f cw of 
them living in crevices of rocks. Stems of moss stick together and mass of 
stems is growing on the sands (Figs. 6, 8, 10). 

When snow melts and moss community appears, the mosses contain much 
water in thcm. During the night, they arc almost frozen so that it is hard to 
collect them with all ice axe; during the dayt irnc, however, they arc soft and 
not frozen, making collection easy. Collected mosses were classified into specified 
groups by their habitats, and in a frozen state (--20°C) they were sent to Japan 
and subjected to the specific classification. At the time of collection, the size 
of habitats, the topography of habitats, the soil and snowdrifts were observed for 
the comparison of different growing conditions. 

Five areas were examined in February 1961 and about 30 areas were sur
veyed between December 1961 and .January I9b2. 

2.2. Results and discussion 
2.2.1. Distribution, habitats aud topography 

Three species, Ceratodon purpureus, Br_yum argenleum and 1J�1·1wt iuamnexum, were 
found from the areas. Locations of these mosses collected vvcre plotted Oil the 
topographic map of East Ongul Island (Fig. 3). 

As Fig. 3 shows, the distribution areas are mostly in the western part of 
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Table I. Relation between the occurrence of mosses and the direction oJ the slope. 

Direction of slope (Mosses habitat) 

Frequency 

Total area (m2) 

SW 

23 

50.1 

SE 

3 

4. 1 

NW 

3 

5. 1 

7 

NE 

0.3 

East Ongul Island. There arc also exposed rocks and exposed sands in the 
eastern part, but few mosses were discoverd. Accordin!� to the topography 
shown in the map, the most of moss habitats should be found in the south and 
west sides of hills. In order to examine this, the occurrence of moss habitats 
was calculated to find out in which quadrant of the hills the habitats were lo
cated. Table I indicates the frequency of occurrence with respect to the direction 
and the total area of moss habitats in each quadrant. Fig. 3 and Table I indi
cate that moss habitats are located almost exclusively on the southwestern slope 
of the hills. Only one habitat found on the northeast slope was in a hollow 
area, cliff erent from dominant topographic features of the northeast quadrant. 

Investigations of areas occupied by the community revealed that the major
ity of them are smaller than I m2, as shown in Fig. 4. It is, however, to be 
noted that some areas arc larger than 15 m2

• The total area in each quadrant 
was indicated in Table 1. A large habitat, 15 m2 in area, was found on the 
peninsula southwest of the island, occupying the southwest slope of a hill. Judging 
from the above, it seems that the sands on the southwest slope is suitable for 
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Fig . .J. Frequen�y of areas of mosses habitat. 

Lhc growlh of mosses. 
Figs. 5, 6, 7, 8, 9 and 10 show th e habitat s of mosses and their relation 

with the topography. The north direction is indicated by an arrow-figure of 
measure. Common features among them arc as follows ; (1 ) a higher place cxi sls 
in the northeast of habitat, and (2) snowdrift exists near the habitat. During 
the winter, this snowdri ft became wider and covered the grounds where mosses 
grew, but in the summer the mosses began lo be exposed gradually at the edges 
of the drift. 

The whole moss community shown i n  Figs. 5 and G was not exposed com
pletely when the photographs were taken. In Figs. 7 and 8 the whole moss 

Fig. 5. Moss community at Station A. Arrow indicates north (one-metre measure) . 
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Fig. 6. Close-up view of Station 
A (Fig. 5). 

Fig. 7. Moss communi�y at Station B. Arrow indicates north. 

9 
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Fig. 8.  Close-up niew of Station B ( Fig 7). 

Fig. 9. Moss community at  Station C. 
A rrow indicates north. 
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Fig. 10. Close-up view of Station C (Fig. 9) .  
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community is exposed. Cenerally speaking-, i t  seems that mosses will not grow 
on the grounds where the snowdrift covers all the year round. I n  the cases of 
Figs. 5, 6, 9 and 10, only a few more mosses were found under the snow. 

Snowdrifts on East Ongul Island develop largely to the southwest (leeward 
side) of the hills, but as will be seen in the photographs, most of moss commu
nities were found on the west side of snowdrift. This may be attributed to the 
effect of afternoon sunlight in the Antarct ic which comes from the northwest 
direction. 

2.2.2. Distribution, habitat and wind regime 
Many moss habitats arc found on the west side of East Ongul Island. De

tailed examination of the habitats showed that they were located on the south
west slope of the hills. I t  was, moreover, found that moss community grows well 
on the sands beside snowdrift which ex tends to the southwest of the hills. 

Table 2. 

Wind ve· I l�c�t2'_ __ �f s 

<5. 0 
5. 0----- 9. 9 

10. 0.......,14. 9 
1 5 . o,.....,28. 9

1 
29. 0> 

I 
Total 

Frequency of the wind direction and velocity at Syowa Station 

Wind direction 

(After MURA IWSIII, 1958). 
- --------------· 

N NNE NE ENE E ESE SE SSE S SSW SW SWS W WNW NW NNW Cal m 

59 60 1 1 1  42 65 24 
1 2  52 1 06 54 27 2 
I 37 83 51 30 

28 l 07 2B 7 
2 

72 1 77 409 1 75 1 29 26 

- --��-----��-

38 36 72 1 6  
8 44 5 

39 44 1 1 6 23 

-�·- ----------

29 6 23 
2 

31  6 23 

4 8 

4 8 

-- ------- -- --·- ----··--

7 50 
2 

-- --- --------- - -

9 50 
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Fig. 11. Wind rose at Syowa Station (after MuuA gosw, 1958). 

Data of wind direction and speed observed at Syowa Station arc shown in 
Fig. 11 and Table 2 (MuRAKOsm, 1 958). As there is no major change from year 
to year, the record for 1957 was shown. The prevailing wind direction is NE 
and strong winds also come from N or E. Snowdrift formed by the wind natu
rally extends to SW. 

On East Ongul Island, the nor theast wind is blowing all the year round and 
is fairly strong. Therefore, the ground slopes facing to the north or the east arc 
always windswept with snow. It is easily recognized that the northeast slope is 
not a suitable area for the growth of plants, whereas the leeward sides with 
many sand spots arc favourable for the growth of plants. 

It seems that supply of water is necessary for plants in the Antarctic where 
i t  does not rain much. Many areas on the northeast slope have litt le snow, so 
supply of water is not sufficient in contrast with the southwest slope where 
snowdrifts arc formed. In the summer, the water from mel ted snow soaks into 
the slope and runs down, giving r i se to the growl h of moss community under 
t h e  snowdrift. 

The sun does not set from December to the middle part of .January, which 
accelerates the melting of snow. Description will be given later concerning the 
duration of sunshin e, the air temperature and temperature of mosses in relation 
to the moss habitat. It seems that the west and south sides of snowdrift formed 
on the slope on the west are the best places for the growth of plant, because 
the slope receives enough sunlight in the afternoon (Figs. 5, G, 7, 8, 9 and 10). 
That is, the sands beneath the snowdrift are exposed fast and the water from 
melted snow wil l  be infil trated. .Judging from these situations, moss community 
is considered to grow and develop on the slopes facing to the southwest on East 
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Ongul Is l and. 

2.2.3. Distribution area of each species of mosses 
It was mentioned previously that three species of mosses were found in this 

investigation ; Ceratodon purpureus, Bryum argenteum and Bryum inconnexum. 
HoRIKAWA and ANDO ( 1 96 1 )  recorded Bryum ongulense which was col lected by 

KAJI at 300 meters cast of Syowa Station ,  but this species was not found during 
the investigation in 1 96 1 .  It seems that individuals arc few and the distribution 
area is smal l. Therefore, the distribution of the above-mentioned three species 
only i s  hereby recorded. 

Ceratodon purpureus (Fig. 1 2) : This species seems to spread over the whole 
island. HoRIKAWA and ANDO ( 196 1 )  reported that Ceratodon purpureus is seen 
mainly on East and \Vest Ongul Isl ands and the vicinity, and the area of its 
distribution is wide. 

Bryum argenteum (Fig. 1 3) :  This species is seen mainly in the nothern part of 
East Ongul Island. 

B�yum inconnexum (Fig. 1 4) : This species is seen mainly on the peninsula  in 
th e southwestern part of' the island, and only a few are distributed in the north
ern part .  be ing found in the crevices of rocks in a smal l amount. One habitat 
found on the peninsula was the largest in size, forming a huge carpet-like 
communi ty  intermingling with Ceratodon purpureus on the sandy gentle slope facing 
to the southwest. 

Those three species arc not distributed exactly in the same places and areas. 
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Fig. 12. Distribution of Ceratodon purpureus. 
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Fig. 13. Distribution of Bryum a rgenteum. 

Fig. 14. Distribution of Bryum inconnexum. 
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3. Growth Form of Cushion of Moss Community 

Several investigators have reported on the growth of mosses in the Antarc
tic. HoRIKAWA and ANDO (1961) reported the multiplication of specimens collect
ed around Syowa Station, attributing it mainly to asexual reproduction rather 
than sexual. After the living mosses were brought back to Japan, TAKAGI 

(1962) cultivated them for 2 years and found that they have grown by asexual 
reproduction .  SAvrcz-L.JlTBITZKA.J A and SMIRNOVA (1961) have, however, revealed 
different modes of the vege tative reproduction of Sarconeurum glaciate and traced 
its developmental stages from Lhc rh i zoid protonema to the leafy plant. Bryo-

t I 
I � 

I 

· 5  
I 0 , .. 
I 

·-----·---------, 

I utww Holm Ba,  

Fig. 15. Map of Lang Hovde. St. M: Koke Daira. 
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phyte ecology on Signy Island was reported by GIMINGHAM (1967). The investi
gation of growth and reproduction of Po(ytrichum alpestre on South Georgia was 
carried out by LONGTON and GREEN (1967). Moss turf, moss carpet and moss 
hummock subformation in Antarctic cryptogam formation have been reported 
by LONGTON (1967). 

It is to be worthy of note that many researches on the growth of mosses 
have been carried out except in the Antarctic. H AG ERUP (1935) and L ACKNER 
(1939) ascertained about many species of Bryophytes that the growth of leaves 
had annual periodicity. G1MINGHAM (1948) discussed the role of mosses that was 
played in fixation of the dune surface, and he showed in the figures the growing 
process of mosses buried in the sands and the formation of new shoots break
ing out. BmsE, LANDSBERY and GIMINGHAM (1957) discussed the effect of burial 
in sand, by burying some species of mosses in sand at different depths when 
new shoots came out. 

During May 9-13, 1961, the writer conducted an investigation of mosses and 
snow petrel (Pagodroma nives) in the exposed rock zone of the Lang Hovde area 
on the Soya Coast, about 35 kilometers south of East Ongul Island where Syowa 
Station is located (Fig. 15). Mosses collected at this time were subjected to the 
study of growth and community formation. 

3. 1. Method of investigation and materials 
The Lang Hovde area is characterized by exposed rocks, with an areal ex

tension about 10 x 15 km. The climate is fairly moderate, so that there are 
several rookeries of snow petrel and Adelie penguin . 

When the investigation of this exposed area was started on May 9, though 
it was behind the season, many exposured of the ground were observed. The 
investigated place shown in Fig. 15 is characterized by a large sandy terrain, 
where mosses were exposed without snowcover. 

As shown in Fig. 16, tents were set at Koke Daira in a flat sandy place. The 
rookery of snow petrels is located on the steep slope with many boulders, to the 
southeast of the tents (Fig. 17). Nests are found under large boulders. 

When the present writer was investigating this area, ten snow petrels re
turned to their nests at night. They lay eggs and hatch them in summer which 
can easily be concluded as there were remaining eggs and dead chicks. The 
lower part of the slope where the rookery is located turns to a large broad 
sandy flat area leading to the coast. The shore was completely frozen at that 
time. On the flat sands, a moss community, 30 x 50 m in size, looking like a 
large carpet was found (Fig. 16). Therefore, the water from melted snow con
taining the percolated substance of birds' droppings had reached the place 
where moss community existed, receiving nutrient materials in a certain season. 

This moss community was not only by far larger in area than those on East 
Ongul Island, but also the carpet was compact with a thickness of 5 to 9 cm. 
A close examination of this community revealed the existence of green, white, 
and brown parts in the carpet. The surf ace of the carpet was not flat but 
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Fig. 16. }vfoss community at St. M, 
Lang Hovde, indicated by 
an arrow. 

Fig. 17. Nests of snow petrels indicated by arro ws. 

17 
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undulated as if some spherical cups had been turned down. The majority of 
mosses found here were Ceratodon purpureus and Bryum inconnexum, followed by 
Bryum argenteum. 

Several stems of Ceratodon purpureus were collected from greenish part ; the 
number of its leaves and rhizoids was counted, and its growing status was ob
served. A lump of Ceratodon purpureus was picked out and was cut. Schizophy
ceae in it was observed and the growing condition of the community was also 
studied. Schizophyceae sticking to mosses was identified as Gloeorapsa (FUKUSHI
MA, 1959). 

The growth of leaves and rhizoids of Bryum inconnexum was also examined, 
and its growing condition was recorded every year and the process of its cushion 
subformation was studied. 

All the materials used in the above observat ions 
were collected on May 12, 1961. The air tempera-
ture at this time was about -20°C. .Moss commu
nity in this area is considered to be exposed and 
dried well. As it is conjectured that this community 
grows between January and February like those in 
East Ongul Island, these specimens are considered 
to pass the winter frozen and dried after growing 
in the preceding summer. Therefore, it seems that 
the period of observation was optimum. As these 
specimens were studied at Syowa Station during June 
and July 1961, this investigation can be regarded as 
an observation made under the natural condition. 

3.2. Results and discussion 

3.2.1. Growth and cushion subformation of Ceratodon 
purpureus 

Three species of mosses do not mix together and 
each species makes its own cushion. But, in the bor
der line occasionally 2 or 3 species are found mixed 
together. It is easy to pick out a lump of only 
Ceratodon purpureus and separate one stem from an
other. Mosses which have stems lacking black Gloeo
capsa appeared to have green leaves its top portion. 
There arc old foliages containing no chlorophyll in 
the lower part of several green leaves. A detailed 
examination of old foliages disclosed that its lower 
part had no foliages and only stem and rhizoids 
were remaining. 

Several green leaves were found at the top of 
Ceratodon purpureus (Fig. 18). Since it seemed likely 
that there was a limitation in the number of green 
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Fig. 18. Ceratodon purpureus. 
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Fig. 19. Frequency distribution of the number 
ef green leaves of Ceratodon purpureus. 

Fig. 20. Relation between the stem length with 
green leaves and the number of green 
leaves of Ceratodon purpureus. 
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Fig. 21. Frequency distribution of the number of leaves counted from the 
top to the rhizoidal part on stem. 

Fig. 22. Cross section of the cushion of the Ceratodon purpureus community. 
I, II, III, IV: Growth-lines in cushion ef the moss community. 
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Fig. 23. (a) Relation between the grade 
of injury caused by blue green algae 
and the stem length from the top of 
the rhizoidal part. 
(b) Relation between the grade of 
injury caused by blue green algae 
and the number of green leaves. 
(c) Rela tion between the grade of 
injury caused by blue green algae 
and the internode length. 

leaves, their number was counted. The re
sult is shown in Fig. 1 9. Six to 7 green 
leaves are common. It seems that the number 
of green leaves must have a relation with 
the growth within one year period. 

The length of stem having the green 
leaves was measured. The more the leaves, 
the longer should be the green portion. F ig. 
20 shows the re lation between the stem length 
and the number or green leaves of healthy 
Ceratodon purpureus. It is interesting that the 

graph shows an "S'' curve and not a straight 
line .  If Gloeocapsa sticks to it , i t  will grow 
in a different way. The lower part of green 
leaves has old foliages as mentioned above, 
and thin rhizoids arc found between the 
leaves. The stem has the rhizoids, but i t  
was not proved that all parts of the stem 
have rhizoids. Fig. 2 1  shows the results of 
observation on the location of rhizoids. Some 
rhizoids were found at the 6th green leaf 
from the top. On some stems, rhizoid can 
be found after counting 40 green leaves . 
Most of stems had rhizoids between the 
1 0th leaf and the 30th leaf and there is no 
specific spot on the stem where rhizoid grows. 
Cross section of cushion of Ceratodon purpu
reus does not show a striped pattern in the 
shape of concentric-circles as seen in Bryum 
inconnexum. But, as shown in Fig. 22, a pat
tern that looks as if hills had been doubled 
is seen. 

A close examination of the surf ace of 
cushion of Ceratodon purpureus revealed that 
the black portion has full of Gloeocapsa sp., 
but the greenish portion has no Gloeocapsa 
and it is thought to be a healthy part. Some 
changes are noted in the extent of adherence 
of Gloeocapsa in some of Ceratodon purpureus, 
which has healthy stems and leaves on which 
a lot of Gloeocapsa were attached. The ex
tent of adherence Gloeocapsa was classified 
into six categories after visual inspection, 
ranging from healthy stage denoted by I, to 
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stage VI. The results arc shown in  Fig. 23 (a), (b) and (c). 
Fig. 23(a) shows the length from the top of stem to the rhizoidal part, ave

raging the measurements of 10 stems. This figure indicates that a short stem is 
to be interpreted as an injured one. Healthy stems are ten times the l ength of 
injured ones. The same can be said to the length of stems having green l eaves. 

Fig. 23( b) shows the number of green leaves of samples which were classifi ed 
by the grade of injury. Although it has a greenish par·t, the stem injuried by 
Gloeocapsa gives a red tint. Healthy stems do not restore the red tint. Seri
ously injured stems have few green leaves and the leaves around green ones arc 
not in normal shape because of Gloeocapsa. TAKAGI ( 1 962) reported on the effect 
of the blue green algae upon mosses. In the case of Ceratodon purpureus in the 
Antarctic hereby discussed, Gloeocapsa completely destroyed the normal stems. lt 
might be considered that those stems could not grow normally, due to the ad
herence of Gloeocapsa. Therefore, the distance b�: l  ween one leaf and another is 
very short, and where lots of Gloeocapsa grow, leaves are growing closely. 

Such a cross section shown in Fi g. 22 is ascri bed to the degree of the adher
ence of Gloeocapsa on stems and leaves. Observation of the growth of Gloeocapsa 
disclosed that th ere is a certain inclination in the condi tion from the seriously 
injured part to the uninjured part. Therefore, the seriously injured part docs 
not grow at al l  and the uninjured part grows well, resulting in such a hill-shaped 
pattern shown in the cross section (Fig. 22). The lefl part of Fig. 22 was 
seriously injured by Gloeocapsa, on line " f "  lots of Gloeocapsa strongly adhered to 
the whole stem at a certain time of the year and obstructed the growth of 
mosses as a whole. But, in the next year the right part of line " I " started 
growmg. With the elapse of ti me, the l eft part wi ll start to grow again gradu
a lly. On line " II," the right part had stopped to grow and the left part re
covered to grow, then the right part started growing gradual ly. On line " II [ '', 
a comparatively large amount of Gloeocapsa is noted, and the slcm did not grow, 
but soon the middle part regained the function to grow. At the time of the 
present observation, a newly grown part was seen within line " IV ". 

Thus, adherence of Gloeocapsa to Ceratodon purpureus is an important factor to 
form their cushion. 

3.2.2. Growth of Bryum inconnexum and its cushion 
One of the most widely distributed mosses in Lang Hovde area is Bryum in

connexum, as wel l  as Ceratodon purpureus. Bryum incvnnexum is rather large in size. 
Some of upper parts are extended from cushion of Ceratodon purpureus or Bryum 
argenteum, but the cushions for med only by Bryum inconnexum arc most common. 
Fig. 24 shows the well-grown stem and leaves of Bryum inconnexum. 

Leaves growing on a c ertain stem have two portions ; one with green leaves 
and the other with old foliages. Rhizoids are seen among the leaves, as in the 
case of Ceratodon purpureus. In the case of Bryum inconnexum, however, 1 2  leaves 
are counted, as shown in Fig. 25, which indicates that this species has more 
green leaves than Ceratodon purpureus. 
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Fig. 24. Bryum inconnexum. 
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Fig. 25. Frequency distribution of the number of green leaves of Bryum inconnexum. 
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Fig. 26. Relation between the stem length 
with green leaves and the number of 
green leaves. 

Fig. 26 shows the relation between the 
number of green l eaves on each stem and 
the length of green leaves. It is easily noted 
that the longer stem has more green leaves. 

Fig. 24 also shows rhizoids at many spots 
on the stem. In order to find out how close 
to th e top of stem the first rhizoid grows, 
the number of leaves between the top and 
the first rhizoid was counted, with the 
results given in Fig. 27. Rhizoids were seen 
mostly between the 1 4th and the 1 7th leaf, 
and the position of rhizoid on a stem was 
the same as the case of Ceratodon purpureus. 
It is worthy of note that rhizoids were again 
found at the 30th leaf, indicating twice the 
15  leaves. 

Thus, the position of rhizoid in each 
moss might give an important effect on the 
growth of cushion of' Bryum inconnexurn. Fig. 
28 shO\vs the cross section of cushion of' 
Bryum inconnexum community. Line " l"  in the 
figure denotes the curved growth line due to 
the adherence of Gloeocapsa to Ceratodon pur
pureus, and line " I I  " marks the next growth 
surface. But, in the case of Bryum incon
nexum, different from Ceratodon purpureus, sev

eral less pronounced striped patterns arc observed other than the curved line 
"II" caused by the existence of Gloeocapsa. Those striped patterns were counted 
from the outside (line "II"), and were numbered as was noted in Fig. 28. Mi-
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Fig. 27. Frequency distribution of the number of leaves counted 
from the top to the rhi;::.oidal pa rt on stem. 
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Fig. 28. Cross section of the cushion of the 
Bryum inconnexum community. 
I, JI: Growth lines in the cushion of moss. 
I, :.! , 3, . . .  , 12:  Rhi::;oidal belts. 

croscopic examinat ion revea led that each ste rn has many rhizoids forming a fine 
structure of striped pa ttern. '['hose parallel l ines arc bel i eved to be formed by 
t he rhi zoids growing a t  the same level on ne igh boring ste ms, and the rhizoidal 
part is widened in a be l t  shape, which is  to  he cal l ed "rh izoidal belt.' ' As this 
rhizoidal be l t  keeps the same distance bctvveen each, i t  looks l ike a striped pat
tern. As was shown in  F ig. 28, it app ears that the growth was temporarily re
tarded because of the adherence of  Gloeocapsa at l in e " I ;' and the left part 
began to grow and gradually moved to the r ight. The process of  recovery from 
l ine '' I '' to the present state can he traced by examin ing  (coun ting) annua I 
l ayers of rh izoidal be l t .  

3.2.3. Su bforrnation o f  moss cushion 
Appropriate samples for the study of the cushion formation were not ob

ta ined on East Ongul I sland. However, favourabl e c ircumstances for the growth 
of plants were found in the Lang Hovde area, where the wri ter i nvest igated 
cushion subformation of mosses. I t  seemed that there were several patterns ;  one 
was the case of Ceratodon purpureus, the growth process of which shmved precise
ly the curved-line pattern caused by the adherence of Gloeocapsa, and the other 
case of Bryum inconnexum, the growth process or which was i ndicated by the 
curved l ine caused by parasitism of Gloeocapsa and the annual growth was de
duced from the existence of the rhizoidal belt. I t  is thought that these patterns 
arc the same i n  their substances. Though the  rhizoidal belt of Ceratodon purpu
reus is not  apparent, the plant seemed to have grown regularly every year. The 
amount of growth of Ceratodon purpureus is not so easily estimated as the rhizoidal 
belt. I n  the case of Bryum inconrzexum, rh izoids were not iced at every 15 leaves, 
so, it was easy to identi fy annual l ayers. 

HAGERUP ( 1 935) and LACKNER ( 1 939) stressed that the annual periodic i ty i n  
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the growth of mosses, the number of green leaves of mosses in the Antarctic, 
cannot be proportional to the grown part in the period less than a year. Prob
ably a year or more than a year was required for the growth of greenish 
portion. The present writer believes that their conclusion is not so definite, 
because they did not carry out detailed observations. No sexual reproduction 
was observed in any cases in the present study, and stems were really observed 
for a long period in asexual generation system. I f' one assumed that the distance 
of each rhizoidal belt corresponds to its annual growth, he can count about 100 
belts including remnants of old belts. This might lead to that the root part of 
the stem should be at ] cast 100 years old. 

The subformation of cushion means that each cushion of  the thickly grow
ing mosses grows regularly every year. vVhcn Gloeocapsa comes to live upon the 
mosses the growth wil1 be disturbed in a certain season. However, a part of 
cushion withstands the disturbance and continues to grow, then, the recovery of 
growth takes place in all parts of cushion and the moss cushion begins to grow 
as before. 

The present study "vil1 lead to a conclusion lhat the used sample had once 
formed a carpet about 100 years ago, b]ue green algae had restrained the growth 
of mosses, the mosses had grown continuously ,vhen blue green algae had not 
lived upon them and the mosses attained their present shape. 

Observing the colour of mosses growing in a large area. the writer noted 
a greenish part in it. Some samples of moss cushion (a bout 20 x 20 cm2) were 
collected, and the percentage of the area of greenish part against the whole 
area was calculated. The thickness of moss cushion was also measured to know 

1f 
9 

. :2 
8 � 

u 7 
<fl 

6 0 

0 

<fl 

r::: 4 
.� � 

3 r' 

2 

0 

0 
0 

'6 

0 0
0 

1 0  20 30 40 50 60 70 80 90% 
Green part/Surface area x 100 

Fig. 29. Relation between the green pa rt of the moss cushion surface 
and the thickness of the cushion. 
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the growt h process or mosses. Those two quantities are plotted in Fig. 29. 
Fig. 29 indicates a fairly established linear relationship between the greenish 

part and the thickness of the moss cushion. A lot of Gloeocapsa was found in 
the black part of cushion and the mosses were restrained in their growth. The 
green part contained only a few Gloeocapsa, and so mosses had grown without 
serious hindrance. It seemed that the thick moss cushion was formed after many 
years in spite of the effect of parasitism of Cloeocapsa. The percentage of green 
part at the present time is in inverse proportion to the parasitic effect of 
Gloeocapsa, but the percentage does not represent the whole parasitic condition 
of Gloeocapsa. In the moss cush ion of 9 cm thick Gloeocapsa did not harm much 
the mosses and the mosses grew well. I t  will be assumed that the parasitic 
area of GloeocajJsa was unevenly distributed. The area of mosses which was 
examined was 15 x 30 mi. I t  was noted that the mosses found in an area close 
to the slope of mountains were more disturbed by Gloeocapsa. A further investi
gation must be conducted to elucidate the above problem. 

\Vith regard to the mutual coactions of three species of mosses, Ceratodon 
purpureus, Bryum inconnexurn and Bryum argenteum, and their succession to form the 
present shape, more detailed research of this aspect will be required in future. 
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4. Microclimate in Moss Cushion around Syowa Station 

As previously stated, every kind of moss grows and l ives together m such 
an environment suitable for each Iif e in the Antarctic. 

In the Arctic and Point Barrow in Alaska, ScHOLANDER (1953) presented 
some materials in regard to the microclimate. LONGTON and HoLDGATE (1967) 
discussed the temperature relationship of Antarctic fumarole vegetation, and 

the temperature in vegetation vvas reported by l loLDGATE (1964) . PRYOR (1962) 
discussed the environment and ecology of soil arthropods at ffal iet Station. 

In the Antarctic, it is a lso necessary to analyze the physical and chemical 
environment of creatures. As the first step of measuring the environment, the 
writer observed the temperature of living moss community and the temperature 
around the area of growth. 

For the discussion of the temperature and the duration of the sunshine, the 
meteorological data at Syowa Station was used. The data was collected by me
teorologists, Messrs. SEINO, SAEGUSA, SUZUKI and SAKAGUCHI. 

Discussions on temperature regime will be given mainly on three locations ; 
(M 1) temperature on the surface of the moss cushion, (S 1) temperature on the 
surface of sandy soil, (S 2) soil temperature under the moss community. Temper
ature in the moss cushion (M 2) was a l ittle lower than that at (M 1) in the 
summer, but was almost the same during the rest of the year, so only the tem
perature at (M 1) is discussed here. Because the site (A) had been covered \Vith 
snow throughout the year except two summer months, this location was not 
suitable to represent the air temperature. The annual  mean temperature of 
ice (I) was exactly the same as the air temperature at Syowa Station. 

In June 1961, the thermistor cable was broken by a st rong blizzard with the 
maximum velocity of 39 m/s. However, the recording \Vas kept except the 
24-hour interruption by this incident. 

4.1.  Method of observation 
A living moss community was found at about 500 m southwest of Syowa 

Station (Fig. 30). This community consisted mainly of Bryum argenteum and part
ly of Ceratodon purpureus. As sho,vn in Figs. 31 and 32, the community grows in 
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Fig. 30. The Ongul Islands and the location (M) of the rnic roclimatic observations. 

the area of 2 to 3 m2 o n  the sand. The surf ace of the community was uneven 
Hat, and many cushions, 10 to 20 cm i n  deameter. were seen grovv thickly. 

A thermistor temperature recorder was instal led in the communication hut 
at Syowa Station and thermistor sensors were placed at the moss community. 
In order to measure temperature continuously in  the moss community and its 
surroundings, the follmvi ng 6 places were selected. Records were obtained from 
February 23, 1 96 1  to January 1 3, 1 962 (Figs. 3 1 ,  32 and 33). 

(M 1) : Ternperature on the surface of the moss cushion. 
(M2) : Temperature in  the moss cushion (about 1 cm below the surface). 
(S 1) Tempera ture on the surface of sandy soi l  (about 5 meters apart from 

the community ; snowcovcr was less there than on the community) .  
Soi l  temperature under the moss community (depth 10 cm).  
Air temperature about 3 cm above the cushion.  
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Fig. 31. Moss community 
and thermistor instrument 
(February 22, 1961).  

Fig. 32. General view of 
observed a rea (Ma rch 18, 
1961) .  

Fig. 33. Schematic cross section of observed area . 
A :  Position of thermistor measuring air 

temperature (height: 3 cm). 
/: Temperature in the snow drift. 

M1 : Temperature on the surface of the 
moss cushion. 

M�: Temperature in the moss cushion 
(depth: 1 cm). 

S1 : Temperature on the surface of sandy 
soil. 

Si: Soil temperature under the moss cushion 
(depth: 10cm). 

S1  

A 
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(I) Temperature of ice at 80 cm deep, at a distance of 4 m from the 
community. (The snow drift near the moss community was always 
frozen, down to a depth about 50 cm even in the summer). 

In response to the hours of surf ace synoptic meteorological observations, 
readings of recording paper were made four times a day, that is, at 0300, 0900, 
1500 and 2100 (Local Time). In this report, the writer will discuss the temper
ature obtained from this reading. The air temperature and the duration of 
sunshine measured at Syowa Station during the same period were also quoted. 
In January and February, the instrument recorded only for 12 days and 5 days 
respectively, so the temperature and the duration of sunshine in these months 
were discussed on the basis of data taken at Syowa Station. 

The snow covered the observed area in the last part of March and its 
thickness increased and attained the maximum of 30 cm in October. It is 
probable that the deposition of snow differs every year. The ground was ex
posed during January and March. Therefore, this area was covered with snow 
during the most part of the year. 

4.2. Results and discussion 
4.2.1. Annual changes in the temperature 

l\1onthly average temperature of the moss community environment are 
shown in Fig. 34. The temperature (X) and the duration of sunshine (Y) in this 
figure were calculated from the meteorological data of Syowa Station. MURA
KOSHI (1958) reported that the monthly mean temperature in January was below 
0°C. But the mean temperature of the moss surface was higher than 0°C in 
January (Table 3). Especially, the temperature at the surface of sandy soil was 
higher than that of any other parts. The mean ground temperature at 10 cm 
depth was below 0°C. 

The minimum temperatures were recorded in July and August. Fig. 33 also 
indicates that the temperatures of moss cushion (M1) and soil temperatures (S2) 
were 2 °C to 3°C higher than air temperature or soil surface temperature. It 
seems that the moss habitat did not get as cold as the outside because the hab
itat was covered with snow 30 cm thick. 

The air temperature of - 29°C was measured on May 12, 1961 at a large 
snow-free moss community in the exposed rock area of Lang Hovde. At this 
place, in the summer, the sands and moss community soaked the water running 
down from the mountains, but in winter, mosses were not covered with snow 
and were in a state dried and frozen to the cold air. 

It seems that the mosses on East Ongul Island were not cooled extensively, 
because most of them are covered with snow. Besides, they will pass the winter, 
not being dried but frozen, as they have the water in them that they received 
during the summer 

The soil temperatures about 10 cm below the mosses did not show a very 
remarkable seasonal change, which was different from other places. A great 
deal of changes in the surface temperature or sandy soil were noted. The thcr-
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mistor sensor at (S 1) was placed on the sandy surface in the area about 5 me
ters from the moss community, in an attempt to measure the temperature of 
exposed area, but snow covered thinly during the period of April to Novem
ber. The temperature of the area was higher in the summer and lower in the 
winter than any other places. 

The effect of solar radiation should be taken into account when one ob
serves the annual changes in the temperature at Syowa Station. The monthly 
mean duration of sunshine is also shown in Fig. 34. In June, the sun does not 
appear at all , but in December the sun never sets. In November, the duration 
of sunshine is somewhat shorter than in December and a long period of inclem
ent weather takes place. As a whole, a parallel relationship between the du
ration of sunshine and the above-mentioned mean temperatures is recognized 
m Fig. 34. 

In order to discuss more in detail, the readings of temperatures were listed 
m Tables 3, 4, 5, 6 and 7, which show not only the average temperatures but 
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Fig. 34. Seasonal change in the mean temperature in the moss community (M 1 ) ,  
soil surface (S1 ), in the soil (S2) ,  the air (X: at Syowa Station) and 
the duration of sunshine ( Y: at Syowa Station) .  
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Fig. 35. Seasonal change in the range between the 
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Fig. 36. Seasonal change in the range between 
the maximum and minimum temperatures 
at the soil surface (S1) and in soil (S2) .  

Table 3 shows the temperaure of moss cushion (M1). Fig. 35 shows the 
maximum and minimum temperatures in this cushion. Table 4 shows the tem
perature of the soil surface (S1 ) (ref er to Fig. 36), Table 5 shows the temperature 
in the soil (S2) 10 cm deep (ref er to Fig. 36), Table 6 shows the temperature of 
snow drift (I), and Table 7 shows the air temperature of Syowa Station (X) 
(ref er to Fig. 35). There was much difference in the maximum and the minimum 
temperatures of air and the soil surface within the same month, and there was 
a little change in the temperature of moss cushion and the sandy soil. 

In the winter, the air temperature became - 40°C but the temperature of 
moss cushion did not go below - 20°C. In the summer, the air temperature 
was not higher than +3 °C, but the temperature of moss cushion was often 
higher than + 16°C and for a short period of time it became as high as + 19°C 
(Fig. 43). In October and November, from spring to summer in the Antarctic, 
the rise of the air temperature preceded the rise of the temperature of moss 
cushion, but in other months, the temperatures of moss cushion were higher 
than the air temperature. It must be noted that the temperature of moss 
cushion was 1 °C higher than the air temperature in the annual mean. 

Not only the temperature of moss cushion, but also the water temperature 
of pond was higher than the air temperature. For example, F UKUSHIMA (1961) 
reported that the temperature of small pond on East Ongul Island indicated 
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Table 3. Frequency distribution of the temperatures at M1 measured four times (every six hours) a day. 
--
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Table 4. Frequency distribution of the temperatures at S1 measu red fou r  times (every six hours) a day. 
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Table 5. Frequency distribution of the temperatures at  S2 measured four times (every six hours) a day. 

S2 Feb . !�a;�hf A-�ril May June July Aug. Sept. Oct. Nov. Dec. Jan. 
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Table 6. Frequency distribution of the temperatures at  the snow drift (I ) 
measured four times (every six hours) a day. 

I I. Feb. l�ar�h: April I M�y [ June I July 
_ 
I ':u�. I Sept. I Oct. Nov. 

oc 
0 
1 
2 
3 

-- 4 
5 
6 
7 
8 

- 9 
- 1 0  
- 1 1  
-- 1 2  
- 1 3  
- 1 4  
- 1 5 
- 1 6 
-- 1 7 
- 1 8 
- 1 9 
-- 20 
- 2 1 

I 

2 
5 

5 
2 
4 
2 

1 
1 
2 

1 3  
24 
26 
10  
2 
9 

1 5  
7 
6 
3 
3 
I 

1 
1 2  
7 

47 
28 26 
20 6 
5 3 

6 
1 2  
22 
1 2  
7 

1 3  
1 3  
4 

1 2  
1 7  
25 
23 
1 2  
8 

1 0  
9 

7 
3 1  
44 
1 0  
1 3  
4 
5 

1 0  
-- · - � --- -- ·· 

6 
63 
55 

- ·-··--------·- ------ · 

4 
48 

4 
48 

40 9 
64 7 

1 9  1 2  
99 8 

2 

2 
5 
9 
3 
1 

1 1  
5 18  
1 

1 8  
1 
6 
9 
8 

2 1  
32 
23 

Dec. Jan. 

1 
1 7  
5 

22 
24 
32 
23 

8 

34 
4 
2 
2 



36 Ecological study of moss community and microorganisms 

Table 7. Frequency distribution of the air tem/Jcrature., at Syowa Stat ion (X ) measured four 
times (every six hours) a day. 
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/ l 0°C in the summer. It  must be noted that the temperature of biological 
environment was fairly higher than the air temperature which was lower than 
+3°C. 

It is natural that the change of the temperature in the soil (S2) was small. 
But, i t  is to be remarked that the temperature on the soil surface was +30°C 
at its maximum (the extreme was +34°C for a short period on January 4, 1962). 
Such a high temperature might give an important effect upon the growth of 
bacteria in the tundra of the Antarctic. The temperature of the soi l  surface 
during the winter was -30°C, and if the soil surface was not covered with 
snow, the temperature would become lower. 

4.2.2. Diurnal changes in the temperature 
The annual changes of temperature are important for biological environ

ment, and another important factor wil l  be the diurnal changes. 
The results of observations were i l lustrated in Fig. 37. They show the typical 

diurnal changes in clear days in March, May, July, September and November, 
1961 and January 1962. On January 10, 1962, the sun did not set, but it was 
very close to the horizon in the south during the night. Therefore, in the 
night, the temperature became lower than the daytime. In the daytime, the 
temperature of the soil surface was +30°C and the temperature of mosses was 
+ 15°C, but in the night, the former was -3° C and the latter was 0°C. Similar 
changes were observed in other places, except for the ice (I). 

The daytime changes of temperatures in moss cushion (M2) had a lag from 
that of moss surface (Mr). But, during the night, the temperatures were almost 
the same, being 0°C. The air temperature at this site (A) was rather higher 
than that of Syowa Stat ion but was in most cases lower than those at (M1), (M2) 

and (Sr). 
Temperature in the snowdrift (I) was always 0°C in summer. The changes 

of the temperature in the soil (10 cm) were not significant in the summer. 
In March 1961, the duration of sunshine became shorter and the highest 

temperature of mosses was 0 °C while it was -10°C in the morning. Only the 
temperature on the soil surface indicated higher than 0°C. 

In May, July and September, al l  the thermistor sensors were buried in 
the snow and the diurnal changes of the temperature were hardly noted. The 
temperature of the soi l  surface (S 1) was low, which might be attributed to the 
loss of heat through thin snow cover. 

The lowest temperatures were recorded in July and August. Even in this 
period, the temperature of mosses was over -- 20°C and no diurnal changes were 
noted. Disappearance of diurnal changes might be explained by the presence 
of thick snow cover, about 50 cm. 

In November, the amount of snow decreased, and the temperature of the 
soil surface indicated the diurnal change. In fact, al l  the snow disappeared 
from the soi l  surface (Sr) on November 30, and the surface was almost exposed 
from December to March. .January and February were the only months when 
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Fig. 38. Relation between the maximum temperature and the period 
in hours when the temperature was above 0 °C within a day. 

moss habitats are exposed completely. Diurnal change in the temperature of 
mosses was observed during 2 months (January and February) in the summer. 

The writer examined the days when the temperature of the moss surface 
was higher than 0°C, and the relation between the maximum temperature and 
the period in hours during which the temperature was higher than 0°C in a day 
was shown in Fig. 38. The most important factor for the growth of plants in 
the Antarctic will be the number of hours in a day with the temperature above 
0°C. Also, it is important to know the maximum temperature of mosses in re
lation to their growth. According to Fig. 38, the period of positive temperatures 
lasted for about 20 hours in some cases, with the maximum temperature + 19 °C. 
Even in such a high temperature, the moss cushion was not dried, because the 
mosses have been absorbing the water from the snowdrift. The figure also shows 
that there is a fairly definite linear relationship between the hours in which the 
temperature was above 0°C and the maximum temperature. This relationship 
will indicate that a long warm period is necessary for the growth of plants. 

The temperature reached its maximum around the noon, and its minimum 
in the night. Rates of temperature changes from minimum to maximum and 
maximum to minimum within a day were calculated. They were l-2° C/hour 
and seldom 3°C/hour. AOKI (1961) made experiments on the survival of rotif ers 
and reported that a high rate of mortality was obtained when they were sub
jected to rapid freezing. The rates of cooling in the experiments of AOKI were 
greater than the above-mentioned natural rate of changes. Therefore, it seems 
that those diurnal change will not harm the lives of microorganisms living in 
the moss community. 



5. Plant Community Consisting Mainly of Mosses, 
Microorganism Community in It and Their Lives 

41 

5. 1. Microorganisms in the standing water (usually called "moss water") in the moss 
cushion 

Table 8. Numbers of microfauna and microflora in moss samples 
(from ToRIUMI and KATo, 1961 ) .  

C. purpureus B. argenteum 

Material No. 105 Material No. 1 1 2 Material No. 1 08 Material No. 1 1 1  

Diatom a, Pinnularia 392(76%) 
Diatom b, Hantzschia 

Diatom c, Na vicula 

Nostoc 

Synechococcus 

Penium 

Nodularia 

Oscillatoria 

Chroococcus 

Unidentified green alga 
Thecamoeba a, Euglypha 

Thecamoeba b, Assulina 

Thecamoeba c, Difflugia 

Thecamoeba d 
Thecamoeba e, Arcella 

Amoeba 

Volticella 

Nematode 
Rotifer 
Tardigrada 
-�-- ------�·- · -- -- -·-- ----- - ------· 

25( 4%) 
1 2( 2%) 
23( 4%) 
+ 

+ 

21 ( 4%) 
1 0( 2%) 
20( 4%) 

3(  1 %) 
+ 
+ 
2 
5( 1 %) 

819(91 %) 655(69%) 
86( 9%) 

2 7 
21 ( 2%) 93( 1 0%) 

+ 

1 0( 1 %) 22( 2%) 
44( 5%) 

43( 4%) 

24( 3%) 
4 

4 

31 8(60%) 

1 2( 2% ) 
1 56(29%) 

1-
1 3( 2%) 
7( 1 %) 

1 9( 3%) 

+ +  

1 

4 

The number of the individuals are represented by the means of those on six slide glasses. 
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ToRIUMI and KATO ( 196 1 ) observed the microorganisms living in the stand
ing water (usually called "moss water") of moss community obtained by the 
present writer on East Ongul Island in February 1 960 and brought back to Japan, 
kept frozen at - 20°C. Distribution and microclimate of the moss community 
were already described in Chapters 2 and 4. ToRIUMI and KATO washed the 
mosses w ith the underground water at Tohoku Universtiy, Sendai City, and 
found about 20 s pecies under the m icroscope, Rotifer, Tardigrada, Nematoda, 
Protozoa, Diatom, blue green algae, etc. , as shown in Table 8. 

In May 1 962, SuozUKI ( 1 964 a) investigated microorganism community in the 
moss community samples collected by the present writer in the Lang Hovde 
area and brought back to Japan in frozen state at - 20°C. This moss commu
nity is composed of the same species described in Chapter 3. He identified 7 
classes and 9 1  species of m icroorganisms ; Rhizopoda (36 species), Ciliata (22), 
Tardigrada (6), Zoomastigophorea (5), Phytomastigophorea (4), Nematoda (3), Gas
trotricha ( 1 ) and Actinopodea (1 ). He also found several new species and vari
eties in them ; 2 species (Rotifer), 1 species (Tardigrada), 3 varieties (Rhizo poda, 
Rotifer and Tardigrada) (SuDZUKI, 1 964 b). 

5.2. Distribution of microorganisms in standing water in mosses 

Fig. 39. Moss community at St. 35 (north 
indicated l�v a rrow) .  
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ToRIUMI and KATO (1961) also studied the distribution of microorganism 
community, by dividing mosses into upper part (greenish part) and lower part. 
The lower part contained less organisms than in the upper part and organisms 
were seldom or never found in sandy soil samples. 

The writer already mentioned in Chapter 3 that the growth of mosses is re
strained by blue-green algae and it could be divided into several stages. Dividing 
the mosses into two parts, that is, healthy and injured ones, the writer compared 
the living Pinnularia sp. with the dead ones, which supplemented the results ob
tained by ToRIUMI  and KATO (1961). 

The mosses kept at -20°C in a refrigerator were brought to -t 5°C within 
a day and then gradually melted. The following day, water was added to them 
and the microorganisms collected in the water were cultured in a glass flatware 
under the same environmental conditions as at Syowa Station. In order to sup
ply a proper amount of water to the mosses, a filter paper was placed under a 
lump of mosses. The cult ivation was finished in a refrigerator kept at + 5°C, 
and after about 20 days, microscopic examination was carried out. The results 
of examination of samples taken at St. 35 (Fig. 39) and St. 51 (Figs. 5 and 6) are 
shown in Table 9. As was mentioned in Chapter 2, the moss commumt1es at 
these two stations consisted mainly of Ceratodon purpureus and Bryum argenteum, 
and a few of Bryum inconnexum. It was noticed that living Pinnularia sp. is abun
dant in the healthy mosses than in the injured mosses. Upper part of stems, 
namely, the stems that are now growing, showed high percentage of living indi
viduals (Fig. 39, Table 9). 

Table 9. Ratio of living Pinnularia sp. to the total shell number found in mosses. 

St. 35 St.  5 1  

Upper part Lower part Upper part Lower part 

In the moss community 
(healthy) 

In the moss community stunted 
by the blue green algae 

Species of the mosses 

1 03/ 1 82 
(57% )  I 

I 

1 2/38 I 
(32% )  I 

C. purpureus 
B. argenteum 
B. inconnexum 

62/307 
( 20%) 

6/96 
(6%) 

I 

6 1 /79 
(77%) 

8/22 
( 36% )  

C. purpureus 
B. argenteum 

84/ 1 50 
(56% )  

30/ 1 40 
(2 1 % ) 

Fig. 40 gives a visual aid to interprete Table 9 and shows the confidence 
interval of occurrence probability (confidence coefficient 60%). If the confidence 
intervals of both do not overlap, the difference between these confidence inter
vals should be recognized within the level of significance of 4 % (OGAWARA, 
1945). Although the lower part contained a larger number of individual organ
isms than in the upper part, it is to be said from a statistical viewpoint that 
the living individuals were more i n  the upper part. It seems that the existence 
of many l iving individuals in the upper part iudicates the movemen t of habi tat 
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Fig. 40. Su rvival ra tios of Pinnularia sp., which a re shown with the confidence intervals 
of occurrence probability of the living individuals under four ca tego ries. 

of Pinnularia sp. 1 from the lower part to the upper part. 
The percentages of living individuals were higher in the normal mosses than 

in the injured mosses (Table 9). This tendency is to be seen in both upper and 
lower parts at these two stations. 

The microorganisms living in moss community on East Ongul Island (re
ported by ToRIUMI and KATO, 1961) were far less than those living in the moss 
community in Lang Hovde area. The species of microorganisms found at St. 
35 and St. 51 are follows; Pinnularia sp. 1; Pinnularia sp. 2; Navicula muticopsis; 
Euglypha tuberculata; Assulina muscorum ; Difflugia manicata; Wailesella sp.; Cyphode
rina laevis ;  Ciliata sp. 1; Ciliata sp. 2; Mniobia sp. ; Rotifer sp. 1; Nematoda sp. 1. 

Table 10. Number of species of microo rganisms found in the moss community 
( on two slide glasses). 

In the mosses ( healthy) 
In the injured mosses 

St. 

U �p�r p�rt- f 

5 I 

6 

35 

Lower part 

3 
5 

St. 5 1 

Upper part Lower 

3 

7 

part 

3 
2 

Table 10 shows the number of species of microorganisms at Sts. 35 and 51. 
The upper part of the injured moss community has more Ciliata, Rotifer, etc., 
and the healthy mosses have a few species. It is considered that micro-distribu
tion of microorganism community is different in each part - withered part, 
healthy part, and injured part. More extensive samples will be necessary for 
detailed discussions. 

5.3. The life of microorganisms 
AOKI and KONNO (1961, 1964) studied the frost-resistance of rotif ers living in 

the mosses which were collected by Dr. FUKUSHIMA and the present writer. 
'They reported that if tlu: freezing temperatures were -20°C, - 40 °C, and 
-80°C and the freezing speed was less than 14°C/min, the rotifers were not 
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harmed in the freezing stage, but when the freezing speed was greater, they 
were apparently harmed. They considered that when the rotifers are freezing 
rapidly, there will be more chances that the rot if ers arc mechanically harmed 
due to heavy supercooling. Therefore, when the rotif ers were frozen at -80°C, 
they are seldom found dead so far as the freezing took place gradually without 
supercooling (freezing speed 4.2°C/min). It can be said that if freezing begins 
at a high temperature without supercooling a creature will not be seriously 
injured. In other words, as long as the freezing is processed gradually, the 
rotif ers will remain in the active forms and be able to endure the freezing. 

Under the natural climatic conditions of Syowa Station or its vicinity, the 
freezing speed of creature, as was described in Chapter 4, is slower than under 
the afore-mentioned experimental conditions, so that the formation of ice will 
be slow. Because it can be thought that the minimum temperature is within the 
endurable temperature-range for the survival of rot if ers, there are a few possi
bilities that the rotifers are harmed by freezing in its vicinity (AOKI and KONNO, 
1961, 1964). But, there still remains some unsolved problems ; how do those 
microorganisms live, grow and breed while being frozen and melted in the field? 

It is again to be remarked that they keep up living in the summer at + 19°C 
and they are frozen in some stage of life history in winter at - 20°C. ScHOLAN
DER et al. (1953) described that gas may be exchanged through ice pertaining to 
the breathing of animals and plants which are in the frozen condition. The 
moss community samples brought back from the Antarctic by the writer is 
presently kept at -- 20°C for the past 4 to 5 years (in the laboratory). He intends 
to activate those samples for the further studies. 

Further observation and experiment will solve the questions about the me
chanisms in the l ife of microorganisms communities which have lived in several 
years in their frozen condition. 
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6. Consideration on the Ecosystem of the Exposed Rock Area 
in Relation to Sea Birds in the Polar Region 

Many research workers discussed the distribution of plants in the tundra 
area of the Antarctic Continent, which is separated by the sea at a great dis
tance from other continents where various creatures are l iving in warm climate 
(BROWN, 1 964 ; LAWS, 1 956 ; GRESSITT and LEACH, 1 96 1 ; TAYLER, 1 955). 

They discussed about the origins of plant and animals currently found. Some 
assumptions are necessary in discussing whether they moved or were carried into 
the Antartic Continent from other continents : ( 1 )  To be carried by wind, the 
plants should have been in the shape of seeds or spores when carried. Micro
organisms might have been in the stage of egg or cyst. (2) They might have 
floated with the ocean current all the way to the Antarctic. (3) They might 
have been carried by the sea animals like seals or fur seals. (4) They might 
have been carried by birds either on their bodies or in their stomachs and dis
charged on the Antarctic Continent. 

According to the theory of continental drift, the climatic condition in the 
past may have been different from the present, so the plants which were pros
perous in those days had possibly come in the past ages. But, no satisfactory 
answers for the distribution of plants have been given up to the present. The 
present writer collected samples of air-borne organisms at Syowa Station and 
analysis was made by Dr. M. SHIMADA who found the spores of Pteridophyta 
and the pollen of composite plant, which are believed to have come from South 
Africa. It seems that some species of plants, bacteria and algae might have 
been carried into the Antarctic Continent by wind. But, it may not be safe to 
apply the above assumption to all terrestrial vegetation and microorganisms in 
the Antarctic Continent. 

Some creatures are endemic in the Antarctic, but the following questions 
arise : Are they remaining only in the Antarctic ? Or, were they specially 
differentiated in the Antarctic ? 

The terrestrial ecosystem in the maritime Antarctic has been reported by 
HoLDGATE (1 967). Physical and chemical factors, and fauna and flora of the 
fresh water lakes of Signy Island have been reported by HEYWOOD (1 967). 
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It is a matter of course that these creatures are strictly limited in occurrence, 
due to such a cold climate of the Antarctic. Whether or not the nourishing 
elements exist in this cold region is an important problem for the creatures to 
maintain their lives (FREUCHEN and SALMONSEN, 1959). 

The writer hereby will describe the results of the general survey pertaining 
the existence of the terrestrial plants and microorganisms, in connection with 
some species of sea birds. 

6.1 .  Relation between the rookery of snow petrel and the moss community 
The moss community growing at Koke Daira of the Lang Hovde area was 

already described in Chapter 3. The flat sandy ground, where moss community 
was located, extends to the coast and the other side is limited by a cliff 300 
meters high (Figs. 16 and 17). On this cliff, nests of snow petrels (Fig. 17) were 
found and the birds were believed to spend the night in their nests (Figs. 42 
and 43). 

The present writer observed the activity of snow petrels near the nests from 
May 9th to 13th (Fig. 41). In the night, they returned to the rookery, entered 
the nests under a big rock (Fig. 43) and stayed over night, cooing like pigeons 
all night long. In the morning they flew out from their nests and were flying 
around the rookery, but disappeared around the noon. The duration of sunshine 
was nearly 5 hours, and their diurnal activities were in proportion to the changes 
of duration of sunshine. Also, it was found that they laid eggs and feed their 
young ones. 

Members of the Japanese Expedition have observed that snow petrels flew 
all the way to the open water or sea for food, and sometimes to such an inland 
area as the Yamato Mountains (300 km from Syowa Station). 

Much droppings were seen at this rookery, as was shown in Figs. 42 and 43. 
The droppings of snow petrels flow downward with melting snow. It is conjec
tured that the water flowing down to the flat sands contains nutriments needed 
for the growth of plants (see Fig. 44). 

· · ·  . \ · ; °. Dark ·. : .  '. ·.::· .::_ : : :-··.<! Sunshine r·-:: 

0 2 4 6 

May 12, 1961 

8 10 12 14 16 18 20 22 24 
HOURS 

Fig. 41. Diurnal rhythm of activity of snow petrel. 
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Fig. 44. Rela tion between snow petrels and the moss community. 
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As was explained in Chapter 3, the large moss community is growing in this 
area. SunzUKI ( 1 964) and HADA (1964) identified many microorganisms from this 
moss community. Moss community growing on the Antarctic Continent and the 
microorganism communities form one of the typical ecosystems in the Antarctic. 

6.2. Relation between the sea bird and the growth of algae in pond 
FUKUSHIMA (1959) reported on algae in many p:mds on E:1st Ongul I sland. 

He and the present writer brought frozen samples to Japan. AOKI and KONNO 
(1961, 1964) conducted an experiment on the frost-resistance of rotifer living in 
the algae. 

Many feathers of McCormick's skua (Stercorarius s. maccormicki), Wilson's storm
petrel (Oceanites oceanicus) and snow petrel (Pagodroma nivea) were found around 

Fig. 45. Small pond 
"Kamome Ike" on East 
Ongul Island. 

Fig. 46. Fresh water 
algae in Kamome Ike. 
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the ponds. Thei r droppings also were often fouud around the ponds. SuGAWARA 
( 1961) pointed out that much phosphorus was unexpectedly found in the snow 
or in the water  of the ponds around Syowa S ta t ion. Judgi ng from the above, 
i t  seems that the dro ppings \Vere soluble in  water. 

At the waters ide of' t hese ponds, lumps ol' blue green algae 1cm thick were 
growing (Figs. ,1,5 and 46). FuKUSIIIMA (1959) observed the pond at St. 20, shown 
in Figs. 45 and lcG, and the f'ollovv ing plants were identified : Chrooroccus, Microrystis, 
l'v'odularia, Nostoc, Oscil!atoria, Phormidium, s_ynechocoo:us, Chran�yclomonas, Hantzschia 
amjJhioxys, /Va uicula sp. 1 ,  Na v£nda sp. 2. Also, i n  t hese fresh water algae, such 
microorga n isms as Cil iata sp. ,  Rotatoria ,  l,cjJCtdella ,  Nematoda,  etc. , were found. 

FUKUSHIMA made an examination around McMurdo Station and found blue 
green algae i n  fresh dro ppings o[' McCormick's skua and the newly grown algae 
around the  droppi ngs. Th is  i ndicat e;s that 1VlcCormick's skua cats algae and 
d istribute them i nto another area by discharging-. The alg;i,c and the birds in 
the Antarctic should be s tudied joi n tly. 

6.3. Living organisms around Adelie penguin  rookery 
The writer already reported on the ecology of Adclie pengui n  at the rook

ery on Ongul Kalven Island (MATSUDA, 1964 a). There was the Adelie penguin 
rookery located at the northwest end of Ongul Kalven Island, and in the cen
t ral part of this  is land old nests be l ieved to be used by Adel ie penguins were 
found. I t  was made o f' ,v;a t hcrcd s tones and it could be used as a nest any 
time. The bones of chicks and old dropping· were found in several places. 

Fig. 47. Relation between the Adelie penguin 
ro oke ry and algae. 
R: Rookery (now inhabited) 
A: Old rookery (abandoned) 
B: Oldest rookery (abandoned) 
C: One or two nests of the jJenguin 

(abandoned) 

N 

0 .\ 

cP ,\l;.'.,I<' 

• B 
X C 
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Speaking of old nests,  some arc found to have been used unt il recent ly  

s ince fresh bones of ch icks were found,  whil e  some others arc thought to  be 

very old. Fig. 47 shows the resul t s of observat ion on these nests on Ongul Kal

ven Is land. "R" indicates a new rookery investigated in 1 961 -62. "A" i nd icates 
an old rookery nestled unt i l recent ly  (Where bones of chicks are l eft). "B" i ndi

cates the oldest rookery not nestled now. "C" i nd icates one or two nests of pen

gums. 

Blue  green algae and green algae grew around these rookeries. Table 1 1  
sh ows the resu l ts  of observa tions of plants l iving around the rookery, m icroorga

rnsms l iving in the area and pH of the pool water. 

Penguin 
rookery 

R 

A 

B 

Table 1 1 .  Relation between the penguin rookery and the flora and fauna. 

pH Flora 

[ NoJtoc sp. ( J I ) 
7. 6-8. 3 Prasiola crispa var. 

Antarctica ( -I ) 

Prasiola crispa var. 
Antarctica ( + + )  

6. 3-6. 7 
1 

Nostoc sp. ( + )  

7 .  0 Nostoc sp. ( f ) 

Fauna 

Ciliata sp. 2 

Ciliata sp. I ,  Ciliata sp. 2 
Ciliata sp. 3 (Opisthotricha sp. ?) 
Ciliata sp. 4 
Ciliata sp. 5 (Balantidioides ?) 

I 
Euglypha sp. 

' A moeba proteus 

I 

C No water 

R: Rookery (now occupied) 
B :  Oldest rookery (abandoned) 

A :  Old rookery (abandoned) 
C :  One o r  two nests of t h e  penguin (abandoned) 

The melting snow around the presently used rookery (R) is dirty with melted 

dro ppings of peng u ins, and it contains nu triment  as was deduced from the values 
of p H. Accordi ngly, b lue green algae grew well .  Ci l iata sp. 2 pro pagated i t self 

so well that i t  seems to be a dominan t  species in this area. I n  the water-pool 

near "R", only blue green algae were growing, but the water flows slowly, and 
at a site 50 meters from the pool, Prasiola crispa var. antarctica was found. 

At site "A", the water was very clear and Prasiola crispa var. antarctica was 
abundant,  and a few blue green algae existed. Five s pec ies of Cil iata and other 
complicated protozoan fauna,  such as Eug£vpha, Amoeba, etc., were found at th is 
site. 

The water aro und "B" was much clearer, pH being 7.0, and no Prasiola 
crispa var. antarctica was seen ,  but a few blue green algae were seen at a small  
wet spot. No microf auna was found. 

I n  the vicinity of "C", there was no  water-pool, but a few wet spots wi thout 
plants existed. 

Creatures are l iving in  proportion to the extent of remain ing nutriments 
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from penguin's droppings. It seems that the succession of fauna and Hora in 

these areas can be investigated depending upon the age of remnants left by 

penguins and new environments left behind by the penguins. It is clear that 

penguin's droppings are rearing these microorganisms, and it is a good example 

for understanding the relationship between the creatures living on the lands 

and penguins who carried the nutriments from the sea. From another point of 

view, if one observes the creatures living around rookeries, he may be able to 

determine the age of rookeries. 
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7. Conclusion 

After exammmg the moss community and microorganism community at East 
Ongul Island, West Ongul Island, Ongul Kalven Island and Soya Coast, the 
following results were obtained : 

( l )  Moss community consisting mainly of Ceratodon purpureus, Bryum argenteum 
and Bryum inconnexum on East Ongul Island is distributed on the west side of the 
island and developed on the slope facing SW. Because the direction of prevail
ing wind at East Ongul Island is northeast, the southwest slope that receives 
more sunlight and snow melt water is a good place for the growth of plant. 
The development of moss community on the west side of snowdrift was attrib
uted to the afternoon sunshine. The distribution of the above-mentioned 3 
species was not exactly identical . 

(2) A survey of growing condition of mosses was carried out on the moss 
community at Lang Hovde. Ceratodon purpureus and Bryum inconnexum were espe
cially examined. The number of green leaves on the stems was almost the same 
in these two. Ceratodon purpureus has 6 to 7 leaves, and Bryum inconnexum about 
12  leaves. 

The stem has rhizoid. In the case of Ceratodon purpureus, the growing place 
of rhizoid was indefinite, but in the case of Bryum inconnexum, rhizoid was seen 
between the 14th and 17th leaf from top of the stem. In the case of Bryum 
inconnexum, rhizoid grows at a definite place on the stem and the stem grow 
closely, so the rhizoidal belts are seen on the cross-section of the cushion. So, the 
growing process of moss community can be traced back into the past. 

Gloeocapsa sp. sticks to these mosses and restrains the growth of each individ
ual. But, gradient of it is noted in the growth of sticking Gloeocapsa sp. Cross
section of moss cushion showed the annual changes due to the adherence of 
Gloeocapsa sp. Mosses grow closely and the moss community looks like a carpet, 
but the carpet appears to have an undulating surface and the cross-section of 
moss cushion shows the curved stripes. These feature indicated the growth of 
Gloeocapsa sp. on mosses. 

(3) Microclimate of the moss community growing on the slope of the sandy 
soil about 500 m southwest of Syowa Station was measured by the use of self-
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recording thermistor. The moss community was exposed during the summer, but 
was buried under the snow during the winter. 

The maximum temperature of the moss community was i 19°C in summer, 
but even when the air temperature was --40° C, the temperature of the moss 
community was not below -20°C, because it was buried under snow. The tem
perature in the moss community was higher than the temperature of air outside 
and the environmental condition was much better for the growth of mosses. 

The annual mean temperature of the moss community was 1 °C higher than 
the annual mean air temperature. It was found that through the year the 
temperature of the moss community was not the same as the temperature of 
air. The growth of plants cannot be discussed only with the temperature of 
air. The micro-temperature environment in and near the moss community must 
he measured. 

During the winter, the diurnal changes of temperature of the moss commu
nity were not recognized, hut in the summer many changes were observed. 
In  many cases, the temperature was over 0°C in summer, and in .January it 
kept 0°C occasionally for nearly 20 hours. I n  the daytime the temperature was 
higher than + 15°C and in the night it decreased to -5° C to -10° C. Water 
changes into ice according to the change of the temperature. The rate of change 
in temperature was only about 1 °C to 2°C in an hour, so that it did not fatally 
influence upon the life of creatures. 

(4) Ecological observations were conducted mainly of the moss community 
growing on l he land around Syowa Station, and various microorganisms were 
found in the water contained in the moss communiy and algae living in ponds. 
They are Rotatoria, Tardigrada, Nematoda, Ciliata, Rhizopodea, Zoomastigopho
ra and Phytomastigophorea, and many cosmopolitan species among them were 
found in  the Antarctic tundra zone. 

ToRIUMI and KATO (1961) and SuozuKI (1964 a, c, d) found similarity in the 
microorganisms in the moss community in Japan to that in the Antarctic. To
RlllMI and KAT6 (lq61) showed that B�vwn argenteum and Ceratodon purpureus are 
both living in .Japan but the habitat is limited on roofs or stone-embankment. 
They were looking for the mosses living on the sands as in the Antarctic, and 
discovered B�yum arltenteum growing on the sands in Hachinohe, and compared 
the microorganisms living· there with the microorganisms in the Antarctic. After 
investigating them, it was assumed that the living creatures in the moss com
munity were spread throughout the world, regardless of their habitats in the 
cold region or the warm region. 

The mosses in the Antarctic increase asexually and old leaves and stems 
remain in the lower part for many years, without being withered. The growth 
of moss community is restrained by Gloeocapsa sp. , and the changes in the num
ber of microorganisms distributed among the environmental water of the leaves 
and stems were noticed. More microorganisms were found living on the pre
sently growing parts of mosses than on the old withered part. 

(5) The moss community and the algae community were found in the 
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tundra zone of the Antarctic and the microorganisms were found in the water 
contained in these communities. 

Discussion was made on the relations of the mosses and snow petrel rookery, 
skua and algae in the ponds, and penguin rookery and algae living around it. 
It seemed that in some cases the terrestrial plants and microorganisms in the 
exposed rock zone near Syowa Station coexisted with sea birds and sea-creatures. 
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