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Soil Respiration in the Vicinity of Syowa Station, Antarctica 

2. Estimation of Carbon Dioxide Amount Evolved from 

the Naked Part of West Ongu] Island 
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Abstract: In January and February 1979, 48 samples of surface 
sandy soil were taken at East and West Ongul Islands. The soil respi
ration rates, i. e. carbon dioxide evolution rates, of the samples were 
measured with the inf rared gas analyzer. There were positive correla
tions between the soil respiration rate and the water content, the nitro
gen content or the organic carbon content. 

Meshes of 5 mm x 5 mm squares were laid on the contour map of 
West Ongul Island on the scale of 1 : 5000. The soil respiration rate 
in each mesh was estimated from the geographical features. The carbon 
dioxide evolution amount in West Ongul Island was calculated at 2.1 t 
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-C during a period from December to February. This amount 

corresponds to 7. 7 kg C/ha of the ice-free area without the moss 

community. 

1. Introduction 
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To estimate the biological productivity and the matter circulation, the 

measurements of the biomass, the organic matter on and in the soil, and the 

mineral elements in the organic matter and soil are usually done at given 

times. If the physiological activities such as photosynthesis and respiration 

are measured at those times, it is certain that they will provide more informa

tion on the matter flow in the ecosystem. 

In Antarctica, most of biological activities in the ice-free area where flora 

is meagre are performed with soil. In such ecosystem, the measurement of 

soil respiration, i. e. carbon dioxide evolution from soil, is very valuable to 

the study of the matter flow in the ecosystem. The soil respiration rate has 

been usually measured to estimate the decomposition rate of soil organic 

matter (cf. SINGH and GUPTA, 1977). But in the ecosystem where the inflow 

and the outflow of organic matter are little, and where the fluctuation of the 

organic matter content is very low, it is considered that the biological fixation 

of carbon dioxide balances with the carbon dioxide release in the ecosystem. 

In other words, the evolved carbon dioxide amount is roughly equal to the 

primary gross production in that ecosystem. 

INO et al. (1980) measured the respiration rate of the surface soil that 

was sampled in January and February 1978, in the vicinity of Syowa Station, 

Antarctica. They reported that the soil respiration rate was higher than ex

pected and that the rate had a positive correlation to the water content or 

the nitrogen content. In the present study, a detailed experiment was done 

to understand the carbon budget in the ecosystem by using the samples from 

East Ongul Island and West Ongul Island in January and February 1979. 

Based on the data obtained, the authors estimated the amount of the soil 

respiration in the naked area of West Ongul Island. 

2. Materials and Methods 

Surface sandy soil was sampled at four sites on East Ongul Island and at 

five sites on West Ongul Island (Fig. I) by Y. OHYAMA, one of the authors. 
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Fig. J. Localities of soil sampling. +: sampling site. 

The sampling was made at 48 points on the various slopes on the above nine 

sites, and samples were taken at every one meter along the line of the 

moisture gradient of soil from a pond, a stream or a snow patch. The mean 

angles of inclination between sampling points were recorded. Samples were 

sandy soil which was composed of the efflorescence of gneiss. These samples 

were kept in a frozen condition at - 20°C throughout the transport and the 

storage. 

The samples were put in a dark container at I 0°C for one day before 

the measurements, and settled in airtight plastic vessels for the respiratory 

measurement. The soil respiration rate was determined by the difference of 

carbon dioxide concentration between the inflow air to the vessel and the 

outflow from the vessel. Carbon dioxide concentration was measured with 

the infrared gas analyzer of differential type (Beckman, 3 I 5A). The details 

of the method are the same as those in the previous report (INo et al., I 980). 

In the present study, the soil respiration rate was measured at 5°
, l 0° and 

20°C in a dark condition. Then the samples were dried at 80°C. The dif

f ere nee between the wet weight and the dry weight was regarded as the water 

content, which was represented by the percentage to the dry weight of the 

sample soil. Nitrogen was analyzed with the Technicon Auto Analyzer by the 

industrial method 30-69A using I to 5 g dry sample soil. Organic carbon was 

analyzed with the Y ANACO C-N corder using about 5 g dry sample soil. 
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3. Results and Discussion 

Table I shows the ranges, the average values and the standard deviations 

of the soil respiration rate, the water content, the nitrogen content and the 

organic carbon content. The water content was low, becau<;e most of the 

samples were composed of sand and gravels. The nitrogen and the organic 

carbon contents were also very low and the C-N ratios were about ten. The 

average soil respiration rate at I 0°C in the present study was lower than that 

of the previous study (INo et al., 1980). 

Table I. Ranges, averages and standard aeviations of the soii respiration rate, 

the water content, the nitrogen content and the organic carbon content. 

Soil respiration rate 
Water content 
Nitrogen content 
Organic carbon content 

Range I 
1 I Average Mi nimum
1

Maximum 
0.00 3. 57 0. 85 
0. 31 46. 3 9.59 
0.02 0. 16 0. 13 
0.00 5.92 1. 41 

I 

Standard. deviation 
0.90 (mg C/100 g dry soil ·day) at 10°C 
9.46 (percent of dry soil weight) 
0. 16 (mg N/g dry soil) 
1. 54 (mg C/g dry soil) 

The relationships between the soil respiration rate and the water content, 

the nitrogen content or the organic carbon content are shown in Figs. 2, 3 

and 4. These correlations were shown with a regression equation in the form 

of Y=aX\ where Y is the soil respiration rate (mg CO2-Cl 100 g dry soil ·day), 

Xis the water content (% of dry soil weight), the nitrogen content (mg N/g 

dry soil) or the organic carbon content (mg C/ g dry soil), and a and b are 

the coefficients. In these Figures, the correlation coefficient (r) of each equa

tion is shown. There were positive correlations between the soil respiration 

rate and each element. 

The positive correlation between the biotic activity and the amount of 

environmental resources such as carbon, nitrogen and water, is one of the 

characteristics in the environment where biotic resources are meager. 

Soil samples were taken on the slope. If the water content gradually 

changes with the sampling position on the slope, good correlations are ex

pected between the height from the lowest position of the sampling line and 
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content of soil. 
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Fig. 4. Relationship between the soil respiration rate 

and the organic carbon content of soil. 
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the soil respiration rate, the nitrogen content or the organic carbon content. 

In this experiment it was clear that the lower positions had the higher contents 

and rates (Fig. 5). It means that the biotic resources are abundant at the 

position near water. Temperature-soil respiration rate curve was drawn from 

the averages of the soil respiration rates at 5 ° , 10° and 20°C of 48 samples 

(Fig. 6). The amount of carbon dioxide evolved from the sample soil at the 

freezing point is estimated by the curve extrapolated. 
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Fig. 6. Temperature-soil respiration rate curve drawn from the 

values of 48 samples. Ordinate lines show 95% confidence 

limits of the average values. 

The amount of carbon d ioxide evolution m West Ongul Island was 

calculated on some assumptions. East Ongul Island where Syowa Stat ion 

exists was not dealt w ith as an object of the calculation because the d is

turbance of the soil by the expedition members was expected. The correlation 

between the soil respirat ion rate and sampling position expressed as-the height 

above the nearest water surface is shown with the negative l inear regression 



130 

(Fig. 7) . 
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Fig. 7. Relationship between the soil respiration rate and the 

sampling position expressed as the height above the 

land water surf ace. 

The contour map of West Ongul Island on the scale of I : 5000 was 

made on the basis of the air photograph of January 1 5 , 1 962, controlled by 

triangulat ion points establ ished by the Japanese Antarctic Research Exped itions 

in 1 957 and 1 96 1 .  The contour l ine on the map was drawn at 1 .25  m each 

altitude. Meshes of 5 mm x 5 mm squares were laid on the map. One mesh 

corresponded to the area of 625 m2
• The meshes with more than 50 % oc

cupied by ice-free areas were p icked out. Further, among them, the meshes 

which cover from the water surface to the 1 .2 5  m he ight or which abut on 

the lower part of the snow and ice patches were treated as the region of 

high soil respiration rate. The meshes abutting on the high rate region, or 

the meshes abutting on the snow and ice patches at the same altitude were 

regarded as the region of low soil respirat ion rate. The others were regarded 

as regions of no evolution. 

As the soil respiration rate of the h igh evolution region, the rate at 63 

cm, the mathematical mean of O and 1 25 cm above the nearest water surface, 

was used and for the low evolution region, the rate at 1 88 cm, the mean of 
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1 25 and 250 cm, was used. The soil respiration rates of 0. 1 6  and 0.04 mg 

CO2-Cl I 00 g · day were g iven to the high soil  respiration rate region and the 

low soil respirat ion rate region, respectively, from the relationship shown in 

Fig. 7 .  The area of the high rate region, the low rate region and the region 

of no evolution was 1 7.6, 3 1 .6 and 224.4 ha, respectively. The area of the 

snow and ice region was 523 .3  ha and the water surf ace 1 7  .2 ha, and the 

resp iration rates in these areas were assumed 0.00 mg C02-C/ I OO g · day. 

Good correlations were noticed between the soil respiration rate and the 

soil temperature in various ecosystems (cf: INo and MoNSI, 1 969; SINGH and 

GUPTA, 1 977) . In the ice-free area without moss community, most of the 

biotic activ ities are caused by blue green algae and bacteria surrounding algae 

on and in the soil. Therefore, it was assumed that the soil respiration rate of 

antarctic soil is controlled by the mean monthly soil temperature. MA TSUDA 

( 1 968) measured the temperature at different s ites and depths w ith the 

therm ister thermometer from February 1 96 1  to January 1 962 at East Ongul 

I sland. During this period, the soil temperature at a IO cm depth remained 

below the freezing point. Therefore, it is considered that the close relationship 

is held between the soil surface temperature and the soil respirat ion rate. 

Mean monthly temperature at the soil surface calculated from the mean 

monthly maximum temperature and the mean monthly m inimum temperature 

at the soil surface measured by MATSUDA ( 1 968) is shown in F ig. 8. Months 

whose mean monthly temperatures are above the freezing point were from 
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Fig. 8. Mean monthly temperature at the soil surface in East Ongul Island. 
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December to February, and the mean monthly temperature at the soil surface 

in December, January and February was 6.0° , 9.3 ° and 0.0°C, respectively. 

Using the relationshi p  i n  Fig. 6, h igh and low respirat ion rates of 0. 1 6  

and 0.04 mg C02-C/ I OO g · day at l 0°C were correlated respectively to 0. 1 02 

and 0.026 mg C02-C/ I 00 g · day at 6.0°C which is December's mean monthly 

temperature. 

The soil respiration rate per weight must be changed to the rate per 

area. It is assumed that most of the b iot ic activ i t ies are performed in a 5 cm 

layer. Average soil we ight per I m2 of a 5 cm layer was calculated at 9 1 .5 

kg in a dry state on the bas is of the bulk  densit ies of all soil samples. The 

so il respirat ion rates at l 0°C came to 1 46 and 36.6 mg C02-C/m2 · day in 

the h igh rate region and in the low rate region, respect ively. These ratios 

we re changed to the rates at the mean temperatures of each month using the 

relat ionship between the soil respiration  rate and the temperature in Fig. 6. 

D uring the summer season, the area of each region would change. But 

it is assumed that each area d id not change, because the speed of the change 

was not clear. This is one of the causes to overestimate the actual amount 

of carbon d ioxide evolution. It is considered that in  the region of no evolu

tion, a small amount of carbon diox ide was evolved from small puddles and 

stream s which are not d istinguishable on the map, but the amount was negl i

g ible. This is one of the causes to underestimate the actual amount of carbon 

diox ide evolu tion. 

The carbon dioxide evolut ion from December to February amounted 2. 1 t 

C02-C in West Ongul Island. This amount corresponds to 7 .7 kg  C/ha of 

the ice-free area. When the carbon content of the organic matter which 

is decomposed to carbon diox ide is 45 %, the carbon amount of 7.7 kg 

comes to 1 7.2 kg of the organic matter. If this amount is equal to the 

prim ary gross production, the productiv ity in this area corresponds to that of 

the "extreme desert, rock, sand and ice'' ecosystem (WHITTAKER, 1 975) . 

In this paper, only the biotic activities in the soil were discussed. In the 

wet habitat, moss communi ties whose dominant species is Bryum pseudo

triquetrum CARD. are developed in a cushion form . It was reported that the 

primary production of bryophytes was I to 50 kg/m2 · year near Barrow in 

Alaska ( OECHEL and SVEINBJORNSSEN, 1 978) . Also, m icrofauna such as rot ifer, 

tardigrade, protozoan, etc . ,  l ive in the moss cushion. Therefore, the moss 

cush ion is regarded as the place of high biotic activ i ty. To understand the 
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carbon flow in this region, the carbon d ioxide budget not only m the ice-free 

area but also i n  the moss cushion must be measured. 
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