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I. Title

Composition of beach sands of the King George Island and their relationship with

environmental conditions in the Antarctic area

II. Purpose and Necessity of R&D

The polar ecosystem is under the drastic climate change in recent days. By

analyzing the stable carbon isotope composition of modern plants growing in the polar

regions, the influence of various environmental factors on the photosynthetic activities of

vegetation were investigated. Although the general consensus supports that carbon isotope

composition of plants is largely determined by precipitation, temperature or sunlight may play

the bigger role under the unique environmental conditions of the polar regions. This study

aims to confirm the idea, and build the comprehensive database incorporating vascular plants,

mosses, and lichens.

III. Contents and Extent of R&D

Various vegetation species were sampled from both the Antarctic and the Arctic,

Barton Peninsula, King George Island and Ny-Alesund, Svalbard, Norway, and were analyzed

for stable carbon isotope composition. A database of carbon isotope ratio of polar vegetation

was built based on literature, with the addition of newly acquired data. The carbon isotope

composition of vascular plants, mosses, and lichens were compared, and statistical analysis

was adopted to analyze its pattern under the varying environmental conditions of the polar

regions.
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IV. R&D Results

Based on the collected data, the carbon isotope composition was the lowest for

vascular plants in average, followed by mosses, and lichens. In all three vegetation groups, it

had negative correlation with latitude. The correlation with temperature was small to none.

Carbon isotope composition was totally irrelevant to precipitation, having more negative value

compared to the global average. Such trends are distinguished from the general pattern in the

mid- to low-latitude areas, and support smaller water stress and greater influence of other

environmental factors such as sunlight.

V. Application Plans of R&D Results

The results of this study indicating distinctive physiology of polar vegetation has

implication on the researches regarding the terrestrial ecosystem change in the Antarctic and

Arctic. The collection of carbon isotope data incorporated in our study also can be utilized as

a useful data source for regarding studies.
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Fig. 1. Map showing the geographic location of Barton Peninsula, King George

Island, Antarctica
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Fig. 2. Map showing the geographic location of Ny-Alesund, Svalbard, Norway.
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Fig. 3. Photos of the various vegetation samples of the polar regions
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Fig. 4. Map showing the sampling sites in Barton peninsula, King George Island,

Antarctica
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Fig. 5. Map showing the sampling sites in Ny-Alesund (Google Earth)
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Fig. 6. Map indicating the location of the sites included in the δ
13
C dataset (Google

Fusion Table)
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Type Latitude δ
13
C MAP MAT MST Data source

Vascular plants 68.4 -28.1 300 1 7 Aerts et al. 1999
76.7 -28.2 180 -17 2 Blake 1991

78.5 -31.7 240 -14 2 Blake 1991

78.6 -29.5 240 -14 2 Blake 1991

78.9 -30.4 240 -14 4 Blake 1991
78.5 -31.5 110 -10 3 Blake 1991

76.3 -29.3 180 -17 2 Choy et al. 2010

78.6 -30 240 -14 2 Choy et al. 2010

-62.1 -25.9 370 -2 2 Cipro et al. 2011

-60.7 -28.3 270 -3 1 Galimov 2000
61.5 -26.5 640 4 15 Hemming et al. 2005

67.4 -29 500 -1 12 Hemming et al. 2005

-67.6 -30 500 -5 -1 Huiskes et al. 2006

64.3 -28.6 1040 4 10 Kloppel et al. 1998
69.4 -26.3 420 -10 10 Kloppel et al. 1998

74.5 -28.1 260 -9 1 Kristensen et al. 2011

78.9 -29.6 490 -6 3 Kume et al. 2003

-62.2 -26 440 -2 2 Lee et al. 2009

68.4 -27.3 300 -1 7 Michelsen et al. 1996
68.4 -26.9 300 -5 3 Michelsen et al. 1996

68.1 -28 270 -9 13 Milligan et al. 2010

74.5 -28.3 260 -9 4 Mosbacher et al. 2013

-64.8 -27.8 750 -2 2 Park et al. 2006
64.6 -28.9 620 -1 8 Skrzypek et al. 2008

66.1 -29.3 620 3 10 Skrzypek et al. 2008

76.5 -27.9 120 -11 5 Sullivan & Welker 2007

66.2 -28.7 590 3 8 Wang & Wooller 2006

66.1 -29 550 4 9 Wang & Wooller 2006
66 -26.5 650 3 9 Wang & Wooller 2006

65 -29.4 710 0 6 Wang & Wooller 2006

68.4 -27.8 350 -2 6 Welker et al. 2003

69.3 -28.2 340 -6 6 Welker et al. 2003
68.9 -28 340 -6 7 Welker et al. 2003

71.3 -27.5 310 -8 5 Welker et al. 2003

73.4 -28.4 260 -10 3 Welker et al. 2003

74.6 -29.3 240 -14 2 Welker et al. 2003

77.7 -28.6 210 -15 0 Welker et al. 2003
76.6 -30.4 190 -15 2 Welker et al. 2003

71.6 -27.7 180 -14 3 Welker et al. 2003

75.7 -29.9 170 -15 1 Welker et al. 2003

71.9 -29.6 240 -15 6 Welker et al. 2003
70.6 -28 210 -13 5 Welker et al. 2003

70 -28.3 300 -13 3 Welker et al. 2003

70.9 -28.3 180 -11 2 Welker et al. 2003
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79 -30.2 430 -5 4 This study
Mosses 68.4 -27.7 300 1 7 Aerts et al. 1999

78.5 -23.3 240 -14 2 Blake 1991

78.9 -25.1 240 -14 2 Blake 1991

78.6 -29.8 240 -14 2 Blake 1991

79 -31.2 240 -14 2 Blake 1991
-68.6 -23.9 500 -5 -1 Bokhorst et al. 2007

-62.1 -23.5 370 -2 2 Cipro 2011

-71.5 -27.6 -16 -8 Cocks et al. 1998

-60.7 -24.4 270 -3 1 Galimov 2000

-61.5 -24.2 -3 1 Galimov 2000
-62.5 -24.8 600 -3 2 Galimov 2000

-62.4 -24.2 600 -3 2 Galimov 2000

-78 -25.9 200 -18 -2 Hopkins 2009

78.9 -28 490 -6 3 Kume et al. 2003
-62.2 -25.8 440 -2 2 Lee et al. 2009

-64.8 -27.7 750 -2 2 Park et al. 2007

-64.6 -20.1 620 -1 8 Skrzypek 2008

-66.1 -26.5 620 3 10 Skrzypek 2008

-70.8 -26.6 -10 -1 Strauch et al. 2011
-66.2 -25.7 590 3 8 Wang et al. 2006

66.1 -26.1 550 4 9 Wang et al. 2006

65 -27.9 710 0 6 Wang et al. 2006

-66.3 -24.5 220 -9 0 Wasley et al. 2006a
78.9 -27.4 430 -5 4 This study

78.9 -27.5 430 -5 4 This study
Lichens 68.6 -22.4 500 -5 -1 Bokhorst et al. 2007

76.3 -23.9 180 -17 2 Choy et al. 2010

78.6 -24.4 240 -14 2 Choy et al. 2010
62.2 -20.4 370 -2 2 Cipro et al. 2011

71.5 -23.9 -16 -8 Cocks et al. 1998

60.7 -22.6 270 -3 1 Galimov 2000

61.5 -22.0 -3 1 Galimov 2000
62.5 -22.8 600 -3 2 Galimov 2000

67.6 -21.8 500 -5 -1 Huiskes et al. 2006

78.9 -27.8 490 -6 2 Kume et al. 2003

62.2 -24.1 440 -2 2 Lee et al. 2009

70.8 -23.4 -10 -1 Strauch et al. 2011
66.2 -23.2 590 3 8 Wang & Wooller 2006

66.1 -25 550 4 9 Wang & Wooller 2006

65 -24.4 710 0 6 Wang & Wooller 2006

66.3 -25.2 220 -9 0 Wasley et al. 2006b
78.9 -27.0 430 -5 4 This study

Table 1. Summary of collected vegetation δ
13
C literature data from the polar regions
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Type
Sample
number

δ13C Location Species

Vascular
plants

060627-1 -31.7 N78 55 20.8, E11 53 14.9 Saxifraga cespitosa

060630-26 -31.2 N78 55 50.5, E11 50 18.9 Saxifraga cespitosa

060627-2 -29.9 N78 55 20.9, E11 53 16.2 Saxifraga oppositifolia

060627-6 -28.6 N78 55 21.1, E11 53 16.0 Saxifraga oppositifolia

060627-14 -27.4 N78 55 17.5, E11 53 43.0 Saxifraga oppositifolia

060627-9 -29.8 N78 55 18.2, E11 52 49.0 Silene acaulis

060627-12 -29.0 N78 55 17.4, E11 52 41.5 Silene acaulis

060630-12 -27.6 N78 55 39.6, E11 51 16.3 Silene acaulis

060627-10 -31.4 N78 55 18.1, E11 52 50.6 Luzular arctica

060630-11 -31.7 N78 55 35.6, E11 51 46.6 Dryas octopetala

060630-22 -29.2 N78 56 0.2, E11 48 58.8 Cassiope tetragona

060630-22 -29.2 N78 56 0.2, E11 48 58.8 Cassiope tetragona

060630-25 -30.7 N78 55 50.7, E11 48 40.9 Pedicularis hirsuta

060627-4 -27.0 N78 55 21.9, E11 53 15.7 Salix polaris

060630-23 -29.8 N78 55 50.7, E11 48 40.9 Draba oxycarpa

060630-24 -29.7 N78 55 50.7, E11 48 40.9 Cerastium arcticum

060627-8 -30.6 N78 55 20.2, E11 52 50.8 (unidentified)

060627-28 -29.2 N78 55 3.5, E11 50 17.7 Saxifraga oppositifolia

060627-24 -28.7 N78 55 1.9, E11 50 38.7 Silene acaulis

060627-20 -30.0 N78 55 2.0, E11 50 37.0 Luzular arctica

060627-30 -30.0 N78 55 0.1, E11 50 10.3 Luzular arctica

060627-18 -31.3 N78 55 1.8, E11 50 36.6 Dryas octopetala

060701-06 -30.2 N78 55 7.8, E11 51 0.1 Oxyria digyna

060701-05 -29.7 N78 55 7.8, E11 51 0.1 Pedicularis hirsuta

060627-25 -29.1 N78 55 4.4, E11 50 29.1 Salix polaris

060628-5 -31.4 N78 54 44.6, E11 49 48.8 Dryas octopetala

060628-7 -28.8 N78 54 43.9, E11 49 51.9 Oxyria digyna

060628-11 -28.8 N78 54 44.0, E11 50 6.2 Cassiope tetragona
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Mosses 060627-3 -30.5 N78 55 20.9, E11 53 16.5 Sanionia uncinata

060627-13 -29.0 N78 55 17.6, E11 52 41.5 Sanionia uncinata

060627-7 -26.0 N78 55 22.2, E11 53 3.6 (unidentified)

060627-5 -27.9 N78 55 21.8, E11 53 15.5 (unidentified)

060627-16 -25.6 N78 55 1.3, E11 50 34.9 Sanionia uncinata

060627-23 -24.4 N78 55 1.7, E11 50 38.3 Sanionia uncinata

060627-27 -26.7 N78 55 4.2, E11 50 26.9 Sanionia uncinata

060627-15 -26.7 N78 55 1.2, E11 50 33.4 (unidentified)

060627-26 -26.1 N78 55 4.2, E11 50 26.9 (unidentified)

060627-22 -27.9 N78 55 1.7, E11 50 38.3 Tomenthypnum nitens

060628-3 -27.9 N78 54 47.2, E11 49 33.7 Sanionia uncinata

060628-4 -26.6 N78 54 44.6, E11 49 48.8 Tomenthypnum nitens

060628-12 -31.1 N78 54 44.0, E11 50 6.2 Tomenthypnum nitens

060628-6 -26.3 N78 54 44.6, E11 49 48.8 (unidentified)

060629-02 -27.5 N79 8 35.8, E11 33 59.3 (unidentified)

Lichens 060627-11 -27.6 N78 55 18.2, E11 52 49.5 (unidentified)

060627-17 -28.6 N78 55 1.3, E11 50 34.9 (unidentified)

060627-19 -28.6 N78 55 1.8, E11 50 36.6 (unidentified)

060627-21 -26.8 N78 55 2.0, E11 50 37.0 (unidentified)

060627-29 -27.7 N78 55 3.7, E11 50 6.9 (unidentified)

060628-8 -27.2 N78 54 39.0, E11 50 22.2 (unidentified)

060629-05 -26.3 N79 8 40.2, E11 33 12.8 (unidentified)

060629-04 -27.9 N79 8 39.2, E11 33 22.3 (unidentified)

060629-12 -24.1 N79 11 5.5, E11 38 10.6 (unidentified)

060629-03 -28.4 N79 8 35.8, E11 33 59.3 Cladonia spp.

060629-13 -29.0 N79 11 5.5, E11 38 10.6 Cladonia spp.

Table 2. Stable carbon isotope composition of vegetation of the Ny-Alesund, Svalbard,
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Fig. 7. Box and whisker plots of δ
13
C values of three main groups of

polar vegetation, C¬3 vascular plants, mosses, and lichens. Median,

upper and lower quartiles, maximum and medium values are shown
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Fig. 8. Simple linear regression on δ
13
C of C3 vascular plants with (a) MAP, (b) MAT,

(c) MST, and (d) latitude. Solid regression lines are drawn only for statistically significant

(p<0.05) relationship. Dotted line in (A) indicates global average δ
13
C value proposed by

Kohn (2010).
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Fig. 9. Simple linear regression for the relationship between latitude and δ
13
C of (a)

mosses, and (b) lichens
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MAP Log10MAP MAT MST Latitude

Vascular
plants

p=0.211
R2=0.04
(n=45)

p=0.085
R2=0.07
(n=45)

p=0.014
R2=0.13
(n=45)

p=0.050
R2=0.09
(n=45)

p<0.001
R2=0.38
(n=45)

Mosses p=0.622
R
2
=0.01

(n=21)

p=0.552
R
2
=0.02
(n=21)

p=0.267
R
2
=0.06

(n=24)

p=0.732
R
2
=0.01
(n=24)

p=0.024
R
2
=0.21
(n=24)

Lichens p=0.997
R
2
=0.00

(n=14)

p=0.975
R
2
=0.00
(n=14)

p=0.575
R
2
=0.02

(n=17)

p=0.439
R
2
=0.04
(n=17)

p=0.003
R
2
=0.44
(n=17)

Table 3. Simple linear regression for each environmental parameter on vegetation δ13C
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Fig. 10. Simple linear regression for the relationship

between latitude and δ13C of Carex
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