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Analysis of Antarctic Soil Algae by the Direct Observation
Using the Contact Slide Method

Shuji OHTANI', Masaru AKIYAMA? and Hiroshi KANDA!

A4 V75 ABMBEC X VEBELENGKRE S EE
KEHMEH « fRIU B2 « P!

EE: Bl v /R FEERRCRT, A5 F7 7 283 Ev v, HES
KEELEAXe, LEEROBEAR L Lo fivHAE L. ROS AFKEVT,
RO EZRT 5 H e EmERT3 ~6 0lid, 254 K77 2k EHK 1988
E£1ALVBELAECHEELE.

MR E LT3, 1IEHOERE, SHEHOREE 4@ REN B IR,
D5y, Actinotaenium cucurbita - Pinnularia borealis 73 UIE LiT#E L
e LTHB U, EENETHMSET X 2820C1, HEEHEIECERY WL,
FIREBERHD Lyngbya martensiana 3B\ W LTA T A F 75 A2
FHLTWi,

EROREY, MBEROLERD 7 e e v AR B0 GKE L TR BN
Abohte, chbixubFhd HESKENSOGRIE L oA T4 <, RybHm
NS & HEESAK BB L, Fo TR LL AT,

Abstract: The species composition and distribution of soil algae in situ
were investigated by the direct observation using the contact slide method with
reference to the available water in soils of the Yukidori Valley, Langhovde,
Antarctica. Glass slides were vertically buried at five sites with a few meters
intervals along a stream for a year from January 1988.

Eleven taxa of Cyanophyceae, eight taxa of Chlorophyceae and four taxa of
Bacillariophyceae were recognized on the collected glass slides. Actinotaenium
cucurbita (RALFS) TEILING and Pinnularia borealis EHRENB. were often dominant.
The results of the observation by the scanning electron microscope showed that
diatoms secreted thin mucilage, but a filamentous blue-green alga, Lyngbya
martensiana MENEGH. secreted thick mucilage and adhered to the surface of
glass slides.

Both the species number and the algal cell number of the soil algae and the
chlorophyll content in soils were well related to the water content of soils. Values
of these three items were high at the nearest transect points to the stream where
the water content of soils was high, and suddenly decreased at a few meters dis-
tance from the stream where the water content of soils was low.

1. Introduction

Algal colonies developed on the surface and within the shallow part of soils in the
Antractic continent. The dilution method has been commonly used for the counting
of microbes of soil or mosses in the Antractic (CAMERON and DEVANEY, 1970; BROADY,
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1979a, b). Dilution method, however, is not suitable for the ecological study of
species which are difficult to grow under the culture conditions. The chlorophyll
content of soil has been also applied to estimate the algal abundance (HosHial and
MATSUDA, 1979; FRIEDMANN et al. 1980; BROADY, 1986; AKIYAMA ef al., 1986). With
the pigment extraction method, it is difficult to know the species composition of algae
and to distinguish the pigments of algae from the pigments of other plants. On the
other hand, the contact slide method has been known as a convenient method for the
direct counting of soil microbes and for the identification of the soil algae under the
condition in situ (CHOLODNY, 1930; PipE and CULLIMORE, 1980). PipE and CULLIMORE
(1980) identified the soil algae to the genus level such as Chlorella, Hantzschia, Oscil-
latoria, etc. In order to obtain the details of distribution of the soil algae in situ with
reference to available water in soils, we studied the species composition of the soil
algae and measured the algal cell number by the direct observation using the contact
slide method, namely, the soil algae on the glass slides buried in Antarctic soils were
investigated.

The present study was conducted as part of the four-year research project “The
studies on the mechanism of Antarctic terrestrial ecosystems” from 1986 to 1990
(JARE-27~31).

2. Materials and Methods

Five sites for this study were chosen along the stream in the Yukidori Valley,
Langhovde, Antarctica about 20 km south of Syowa Station (Fig. 1). The valley
is about 2.5 km long, and runs from cast to west. It contacts the continental ice
sheet at the cast end, and the shore of Liitzow-Holm Bay at the west end. A melt
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Fig. 1. Map showing the sites studied by the contact slide method in the Yukidori
Valley, Langhovde, Antarctica.
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stream flows along the valley during the austral summer. At each site, we chose
several points as a suitable place for setting a glass slide at a few meters intervals along
a line transect which was set across the stream in order to survey the relation of both
species composition and cell number of the soil algae to the available water in soils
(Fig. 2: 1-3). Vegetation and substrata of the sites are shown in Table 1.

The translucent frosted glass slides (ca. 76 x 26 mm) were vertically buried mainly
in sandy soils at the chosen points for a year from middle January 1988 (Fig. 2: 4,
arrow). The top portion of glass slides corresponds to the surface of soil. The light
may penetrate into the deeper part of the soil through the top surface of glass slide than
the real depth in the field condition. Among sites |, 2 and 3 which were used for the
quantitative study of soil algae, glass slides of site 2-E, site 3-1 and site 3-H were lifted
3 mm, 3 mm and 10 mm, respectively by freeze and thaw cycle of soils. After collec-
tion of the glass slides, they were kept in a freezer (—20°C) until ready for examination.

Samples were observed for the identification using the light transmission micro-
scope (Nikon, OPTIPHOT) with magnification up to x [1000. Two samples were
examined by the scanning electron microscope (JEOL, JSM-5200) to observe detail
features of algal cells on the glass slide. A part of samples (5 mm x 5 mm) was dried
at room temperature in the desiccator. After gold coating, they were observed by
SEM with magnification up to > 2000.

Fig. 2. Line transect of the five sites and setting of frosted glass slide. 1: Site I.
2: Site 2. 3: Site 3. (arrow showing the direction of lower course in Fig
2:1-3). 4: A frosted slide glass (arrow) vertically buried in the soil at
each transect point.
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Table 1. Vegetation and substrata of the studied sites.

Site No. Vegetation Substrata

Site 1

A (0.5 m)* Moss Soil

B (3.5m) Moss Soil

C (6.5m) — Soil
Site 2

D (0.3m) Moss Soil

E (1.6m) Moss Soil

F Q29m) Moss Soil

G (4.2m) — Soil
Site 3

H (0.0m) Moss Soil

I ({1.5m) Moss Soil

J  (3.0m) Moss Soil

K (4.5m) Moss Soil
Site 4

L (0.1 m) Moss Soil

M (1.6 m) Moss Soil

N (3.1 m) Moss Soil

O (4.6m) Moss Soil

P (6.1m) — Soil

Q (7.6m) — Soil
Site 5

R (0.0m) Algae Soil

S (1.5m) Algae Soil

T ((.0m) Moss Moss

U @0m) Moss Moss

vV (5.0m) — Soil

* Distance from the stream in middle January 1988. —: No vegetation.

Algal numbers on glass slides were counted using the reflected light microscope
(OLYMPUS) at the depth of 0.5, 1, 2, 3 and 5 cm, respectively. A filamentous blue-
green alga, Lyngbya martensiana MENEGH. occurred abundantly at site 2-D, but,
cell count was not achieved because of the difficulty of accurate count of cell number.
A colony of Nostoc was counted as one cell.

The water condition of soils was recorded with three ranks such as dry, moist and
wet on January 1988, while soils and mosses at the surface and at the 5 cm depth were
sampled at each site on January 1989. The water content of soils and mosses was
expressed by the following formula:

Water content (%)=(Wet weight-Dry weight)/Dry weight x 100.

The chlorophyll a content of the soil was measured according to the standard
method by UNESCO (1966).

Analysis of the species composition was achieved with samples from all five sites,
but measurements of the water content of soils, cell number of soil algae and the
chlorophyll content were done with samples from sites I, 2 and 3.
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3. Results

3.1. Soil algae detected on the glass slide

Eleven taxa of Cyanophyceae, eight taxa of Chlorophyceae and four taxa of
Bacillariophyceae were recognized on the collected glass slides (Table 2). Among
them, Actinotaenium cucurbita (RALFS) TEILING and Pinnularia borealis EHRENB. were
often dominantly occurred. Stigonema minutum (Ag.) HASSALL, Gloeocapsa magma
(BrEB.) HOLLERBACH, Gloeocapsa ralfsiana (HARv.) KUTz. and a filamentous green
alga were detected from the glass slide buried in a moss colony (Site 5-T). Other algae
were detected from the glass slides buried in soils. Most of blue-green algae and
diatoms were identified to the specific level because modification of cell shape by the
preservation in a freezer and the desiccation was so small (Fig. 3: 1, 2). Although
eight taxa of green algae were found, they were not identified to the genus level except
Actinotaenium and Stichococcus, because cell contents of them were not clear (Fig.

Table 2. Soil algae detected from the suface of the glass slides buried in the five
sites along the Yukidori Valley.

Site

Species

%)
@
PN
W

Cyanophyceae
Synechococcus aeruginosus NAG. o
Synechococcus maior SCHR. (]
e

*Gloeocapsa magma (BREB) HOLLERBACH
Gloeocapsa ralfsiana (Harv.) KTz,
*Gloeocapsa compacta KUTZ.
Lyngbya martensiana MENEGH. —
Lyngbya sp. | (width==1 um) —
Lyngbya sp. 2 (width =3 pm) —_
Nostoc commune VAUCHER o — — e
Nostoc sp. o
*Stigonema minutum (AG.) HASSALL —
Bacillariophyceae
Hantzschia amphioxys (EHRENB.) GRUN. o
Navicula muticopsis vAN HEURCK [
Navicula sp. )
o
 J

L eoe | |

l !

e | |
HERXXXXX

o
|
| @
o |

|
I

o o0
|

Pinnularia borealis EHRENB.
Chlorophyceae

Actinotaenium cucurbita (RALFS) TEILING

Stichococcus sp. —

Coccoid alga no. 1 (diam.=10 gm; tetrads) —

Coccoid alga no. 2 (diam.=10-16 um; unicell) —

Coccoid alga no. 3 (diam.=6-8 um; colonies o — —
with mucilaginous substance)

Coccoid alga no. 4 (irregularly shaped colonies — — — o —
composed of densely aggregated cells)

Coccoid alga no. 5 (colonies of 1, 2, 4 to 16 — o — — —
cells with thick mucilaginous substance)

*Filamentous alga — — o — o

e ® e ee®

I
| ® | ® |

* Occurred in moss colonies.
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Fig. 3. Soil algae on the glass slides observed by the light microscope. |1:
Filaments of Stigonema minutum. 2: A colony of Gloeocapsa ralfsiana.
3: Cells of Actinotaenium cucurbita. 4. Colonial green algae with
thick mucilaginous substance.

3:3,4). Other coccoid or filamentous green algae need the culture examination for
their identification.

Detail features of the algal cells on the glass slides were observed by the scanning
electron microscope (Fig. 4). A filamentous blue-green alga, Lyngbya martensiana
MENEGH. adhered to the glass slide with thick mucilaginous substance. Unicellular
algae were sometimes wrapped in the mucilage of L. martensiana (Fig. 4: 2, arrow).
Synechococcus maior NAG, and three diatoms were attached to the glass slide with
thin, and unapparent mucilages (Fig. 4: 3-6). It is observed by the light transmission
microscope that colonies of green algae adhered on the surface of the glass slide with
thick mucilage (Fig. 3: 4) as well as filamentous blue-green algae.

3.2. The distribution of the soil algae

The water condition of soils and mosses, the species number on a glass slide, the
mean algal cell number (cells/mm?) on a glass slide and the chlorophyll a content in
the soil at sites |, 2 and 3 along the stream are shown in Table 3.

During the austral summer 1988, meltwater flowed in the stream from the upper
course to lower course. At site |-A, site 2-D and site 3-H which are the nearest
transect points to the stream, the water condition on January 1988 was moist or wet.
The water condition showed a tendency to change from wet, moist to dry with the
distance from the stream. At site [-C, site 2-G and site 3-K, the farthest transect
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Fig. 4. Soil algae on the glass slides observed by the scanning electron microscope.
I: Lyngbya martensiana adhered to the surface of the glass slide by mu-
cilaginous substance. 2: Pinnularia borealis (arrow) wrapped in
mucilaginous substance of L. martensiana. 3: Cells of Synechococcus
maior. 4: A colony of Pinnularia borealis. 5. Navicula muticopsis.
6 : Hantzschia amphioxys.

points from the stream, the water condition was dry except at 5 cm depth of site 2-G.
During the austral summer 1989, meltwater hardly ran in the stream from the west
margin of Lake Yukidori to the mouth of the stream, and the water was supplied
mainly from snow drifts. The water content on January 1989 ranged from 0.1 to
30.9%. It decreased suddenly at a few meters distance from the stream at site | and
site 3. At site 2, water condition was low and almost the same among all the transect
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Table 3. Horizontal change of the water condition of soils, the species number
on a glass slide, the mean algal cell number on a glass slide and chlo-
rophyll a content in soils at sites 1, 2 and 3.

Water condition Mean algal Chloro-

Site No. January‘ 1988 - January 1989 777777 Sggfé?r nu(;‘;ll})er cglr;gelrllt
Surface —5cm Stétyf;a)ce —-(é%c)m (cell/mm?)  (ug/g)

Site 1

A (0.5m) Moist Moist 30.9 21.6 10 41 18.6

B (3.5m) Dry Moist 0.1 1.7 3 2 3.5

C (6.5m) Dry Dry <0.1 1.1 1 <1 1.9
Site 2

D (0.3 m) Wet Wet 0.1 0.2* 9 212 23.5

E (1.6 m) Dry Moist 0.1 0.2 4 <1 2.4

F (29m) Dry Moist 0.1 0.3 i <1 —

G (4.2m) Dry Moist 0.1 0.5 1 <1 —
Site 3

H (0.0 m) Wet Wet 1. ]** 2.5 5 316 9.5

I (1.5m) Moist Moist 1.6%* 1.2 1 <1 9.4

J (3.0m) Dry Dry 0.1 0.9 0 0 e

K (4.5m) Dry Dry 0.1 0.3 0 0 —

* Depth is 2.5 cm. **Water content of moss colonryr.m—No data.

points, because little water was supplied from snow drifts.

The species number of the soil algae was well correlated with the water contents
of soils and mosses as shown in Table 3. For example, at site 1-A (0.5 m distant
from the stream) where the water content was high, ten species were found. On the
other hand, at the transect point site I-C (6.5 m distant from the stream) where the
water content of soil was quite low, only one species was found.

At sites 1, 2 and 3, the algal cell number and the chlorophyll content of the soil
were measured. The mean algal cell number ranged from 0 to 316 cells/mm?. The
chlorophyll content ranged from 1.9 to 23.5 ug/g. The results suggested that the
algal cell number and the chlorophyll content were well correlated with the water con-
tent of soils as well as the number of species. Highest values of them were recorded
at the nearest transect points to the stream where the water content of soils was high.
The cell number obtained by the contact slide method was closely related to the values
of chlorophyll content of the soil which were derived from mainly episammic algae
at the same site (r=0.75).

Vertical change of algal cell number at sites 1, 2, and 3 is shown in Table 4. The
occurrence of soil algae on the surface of each glass slide was recognized between the
top portion of the glass slides which almost corresponded to the soil surface and the
lower portion of the glass slide corresponding to the soil of ca. 7cm depth. The
majority of algae occurred on the glass slide less than 5 cm deep. The structure of
algal community, particularly of their vertical micro-distribution, varied with sites,
viz. the depth showing a maximal algal growth at each site was as follows: —0.5cm
(53 cells/mm?) at site I, —1 cm (318/mm?) at site 2 and —2 cm (555 cells/mm?) at site 3
(Fig. 5). Among species shown in Table 4, the cell number of Pinnularia borealis was
highest and its cells occurred at 5cm depth of site 1-A and site 3-H. The remark-
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Table 4. Vertical change of algal cell number (cellsimm®) on the glass slides at
the line transects of sites 1, 2 and 3.
- ) ’mkDepth (cm)
Site No. Algae -
0.5 1 2 3 5
Site 1 A (0.5m) Actinotaenium 34 13 5 2 0
Pinnularia 19 21 32 29 26
Hantzschia 0 5 6 8 2
Navicula* 0 2 0 0 0
Total 53 41 43 39 28
B (3.5m) Pinnularia 0 0 0 3 2
Nostoc** 5 0 0 0 0
Total 5 0 0 3 2
C (6.5m) Algal cell number less than 1 cell/mm?
Site2 D (0.3 m) Actinotaenium 43 294 131
Pinnularia 74 14 29
Hantzschia 8 10 22
Navicula 8 0 2
Nostoc 0 0 5
Total 133 318 189
E (1.6 m) Pinnularia 0 0 0 0 2
Navicula 0 0 0 2 0
Total 0 0 0 2 2
F (29m) Algal cell number less than 1 cell/mm?
G (4.2m)
Site3 H ( Om) Actinotaenium 51 59 280 110 10
Pinnularia 267 155 245 209 160
Hantzschia 2 0 0 0 2
Nostoc 0 0 30 2 0
Total 320 214 555 321 172
I (1.5m) Algal cell number less than 1 cell/mm?
J (3.0m) Algae not detected from the glass slide
K (4.5m)
* Navicula muticopsis, ** Nostoc sp.
Total cell number (cell/mm?2)
400 600

Depth (cm)
N

Fig. 5.

200 400 0 200

:

Rock

Site 1-A

Site 2-D

Site 3-H

-

Vertical change of algal cell density (cellsimm?) at three transect points
along the side of the stream in the Yukidori Valley.
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able tendencies of the vertical distribution of each species, however, were not found.

Among the 11 transect points at sites 1, 2 and 3, glass slides of site 2-E, site 3-I,
and site 3-H were lifted 3 mm, 3 mm and 10 mm, respectively, by the freeze and thaw
cycle of soils. As a result, much more light probably got through these glass slides
compared with other sites where no rise of glass slides was occurred. The cell number
of soil algae might be enhanced by much light and the vertical distribution of the soil
algae shifted upward at these 3 transect points. The cell number at site 2-E and at
site 3-1 was less than 2 cell/mm?. The enhancement of cell number by the light was,
however, quite low at these two sites.

4. Discussion

All species of soil algae identified into the specific level in the present study have
been reported from the moss colonies (OHTANI, 1986) and/or from the stream and
pond (HIRANO, 1979) in the Yukidori Valley. Species composition of soil algae on
the glass slide is especially similar to that of moss colonies (OHTANI, 1986). Species
which dominantly occurred on the glass slide such as Actinotaenium cucurbita, Pin-
nularia borealis were also dominant on the moss colonies, though, the amount of
Nostoc in the soil was small compared with that of the moss colonies. HIRANO (1979)
reported 43 taxa of blue-green algae and 22 taxa of green algae from the stream in the
Yukidori Valley, which included all the species of blue-green algae reported in the
present study and Actinotaenium cucurbita. Diatoms of Hantzschia amphioxys,
Navicula muticopsis and Pinnularia borealis from soils were often reported from ponds
and streams in the vicinity of Syowa Station (e.g. FUKUSHIMA et al., 1973). The
species of the soil algae reported in this paper occurred in a wide range of habitat such
as on moss colonies, in soils, ponds and streams.

By the direct observation of soil particles using the SEM, CAMERON and DEVANEY
(1970) showed that oscillatorioid blue green algae rapidly secrete sheath material and
that the sheath binds microorganisms and soil particle. Our observation by the SEM
of the surface of the glass slide indicated that a filamentous blue-green alga, Lyngbya
martensiana secreted much mucilaginous substance in a year. Its mucilages may
play an important role in binding soil particles (Fig. 4: 1, 2). The direct observation
of soil particle by the SEM requires another slide specimen for the identification by
the light transmission microscope. It is difficult to observe exactly the same point
by the SEM and the light microscope. However, using the contact slide method, one
can observe exactly the same point by both the SEM and light transmission microscope.
The method is useful for both the identification and the detail observation of surface
feature of the algal cells.

The water availability has been considered to be one of the most crucial factors
in limiting the distribution of terrestrial Antarctic algae. AKIYAMA et al. (1986) showed
a positive correlation between the water content and the chlorophyll content in the
Antarctic soil near Syowa Station. In the present study, the algal cell number and
species number showed a steep decrease at only a few meters distance from the stream.
Our result also showed the importance of available water in soils for the distribution
of the soil algae. HosHIAI and MATsUDA (1979) pointed out that nutrients also in-
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fluenced the algal distribution near penguin rookeries. AKIYAMA ef al. (1986) showed
that nitrate concentration was correlated positively with both the water content and the
chlorophyll content. In the Yukidori Valley, excrements from snow petrels nests on
the cliff might be dissolved into meltwater of snow. Nutrients may also influence on
the distribution of the soil algae in the Yukidori Valley.

In the present study, glass slides were vertically buried so as to make their surface
portion correspond to the surface of soils or moss colonies. Therefore, the light
penetrated into the deeper part of the soil through the top surface of glass slides than
a real depth in the field condition. The penetrated light might encourage algal growth.
The resting cells stored in the deep part of soils may grow on the glass slide along with
the living cells. Our results might show the potential of the cell number of soil algae
in the field.

Acknowledgments

We wish to express our deep gratitude to Prof. O. WATANABE of National In-
stitute of Polar Research, who was a leader of JARE-29, and his members for their
encouragement and willing cooperation in the field.

References

AKIYAMA, M., OHYAMA, Y. and KANDA, H. (1986): Soil nutrient condition related to the distribution
of terrestrial algae near Syowa Station, Antarctica (extended abstract). Mem. Natl Inst. Polar
Res., Spec. Issue, 44, 198-201.

BroaDY, P. A. (1979a): The Signy Island terrestrial reference sites: IX. The ecology of the algae
of Site 2, a moss carpet. Br. Antarct. Surv. Bull., 47, 13-29.

BroaDY, P. A. (1979b): Quantitative studies on the terrestrial algae of Signy Island, South Orkney
Islands. Br. Antarct. Surv. Bull., 47, 31-41.

Broapy, P. A. (1986): Ecology and taxonomy of the terrestrial algae of the Vestfold Hills. Antarc-
tic Oasis, ed. by J. PickArRD. Sydney, Academic Press, 165-202.

CaMERON, R. E. and Devaney, J. R. (1970): Antarctic soil algal crusts: Scanning electron and optical
microscope study. Trans. Am. Microsc. Soc., 89, 264-273.

CroLopNY, N. (1930): Uber eine neue Methode zur Untersuchung der Bodenmikroflora. Arch.
Microbiol., 1, 620-652.

FRrRIEDMANN, E. I., LARoOCK, P. A. and BRuUNsoN, J. O. (1980): Adenosine triphosphate (ATP),
chlorophyll, and organic nitrogen in endolithic microbial communities and adjacent soils in
the dry valleys of southern Victoria Land. Antarct. J. U. S., 15, 164-166.

FukusHiMA, H., WaTaNukl, T. and Ko-BavasHi, T. (1973):  Higashi Onguru T4 yori eta keisd (yoho)
(A preliminary report on the diatoms from East Ongul Island). Nankyoku Shiryd (Antarct.
Rec.), 46, 125-132.

HiraNO, M. (1979): Freshwater algae from Yukidori Zawa, near Syowa Station, Antarctica. Mem.
Natl Inst. Polar Res., Spec. Issue, 11, 1-25.

Hosuial, T. and MATsuDA, T. (1979): Adelie penguin rookeries in the Liitzow-Holm Bay area and
relation of rookery to algal biomass in soil. Mem. Natl! Inst. Polar Res., Spec. Issue, 11, 140-152.

OHTANI, S. (1986): Epiphytic algae on mosses in the vicinity of Syowa Station, Antarctica. Mem.
Natl Inst. Polar Res., Spec. Issue, 44, 209-219.

Pipg, A. E. and CuLLIMORE, D. R. (1980): An implanted slide technique for examining the effects of
the herbicide diuron on soil algae. Bull. Environ. Contam. Toxicol., 24, 306-312.

UNESCO (1966): Determination of Photosynthetic Pigments in Seawater. Paris, 69 p. (Monographs
on Oceanographic Methodology, No. 1).

(Received August 23, 1991 ; Revised manuscript received October 2, 1991)





