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Abstract

Background: In this article, it was analyzed how snow melting affects the assembly of lichen and moss communities
in a small area of the coastal region of Barton Peninsula, which is in maritime Antarctic. In the small area, even though
there is a huge gap of difference of the environment between the snow-filled area and snow-melt one, the latter did

not have distinctive environmental gradients.

Results: Depending on the snow melting time, coverage and species diversity of lichens and mosses tend to increase
remarkably. For species with significant changes depending on the snow-covered period, there are Andreaea regularis,
crustose lichens, Placopsis contortuplicata, Usnea aurantiaco-atra, and snow algae. In this area, the process of
vegetation assembly process has shown the directional development in the order of snow algae—crustose, lichen
sub-formation—fruticose lichen, moss cushion sub-formation (Andreaea sociation)—fruticose lichen, and moss cushion
sub-formation (Usnea sociation), according to the order of snow melting. These directional development stages are
shown in gradual change in small area with the snow melting phenomena. However, in the snow-free area, where
water is sufficiently supplied, it is expected that moss carpet sub-formation (Sanionia sociation) will be developed.
Vegetation development in the small area with the snow melting phenomena, depending on differences of resistance
on snow kill and moisture settled by species in according to the time of snow melting, tolerance model to form
community is followed.

Conclusions: The research results explain the development of vegetation in the Antarctic tundra and its spatial
distribution according to the period for growth of lichens and mosses in the summer time by differences of snow
melting in the small area. In the future, if research for the community development process in a large scale will be
done, it will be helpful to figure out temporal and spatial dynamic of vegetation in the Antarctic tundra where snow
and glaciers melt rapidly due to climatic warming.
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Background

Global warming may bring changes in environmental
conditions in diverse geographical areas, and it will in
turn bring changes in structures and functions of ecosys-
tems (Grimm et al. 2013). The West Antarctic area,
including the Antarctic Peninsula and South Shetland
Islands, is one of the fastest warming areas in the world
(Oppenheimer 1998). The Antarctic ecosystem may be
affected at large by a small environmental change (Lewis
Smith 1984, Longton 1988, Lewis Smith 1990, Kennedy
1995). The studies about responses of the Antarctic
ecosystem and species on climatic changes are helpful to
understand global changes according to climatic warming
(Convey et al. 2009, Turner et al. 2009, Convey 2010).

The literatures about the development of vegetation
after glacier retreat are mostly about comparison of
changes of environment and biotic community in re-
gions with different deglaciation history. For the Arctic
region, there are many studies to trace the changes of
ecosystems after glacier retreat (Jones and Henry 2003,
Favero-Longo et al. 2012). Vegetation succession in the
Arctic region tends to be forward with direction from
pioneer to climax. However, non-directional vegetation
succession was also reported in polar desert with harsh
environment (Jones and Henry 2003). Favero-Longo
et al. (2012) demonstrated that vegetation succession
according to glacier retreat in the Signy Island in the
maritime Antarctic region are divided into pioneer com-
munity, immature community, and climax and that the
driving force to determine vegetation in the Antarctic
region is the duration after glacier retreat. In the process
of vegetation succession in the Arctic region, many
vascular plants participate in each stage. However, in the
Antarctic region, there are only two vascular plants:
Deschampsia antarctica and Colobanthus quitensis
(Parnikoza et al. 2012). Therefore, lichens and mosses are
expected to play main roles in vegetation succession as
dominant species in the Antarctic region. In addition, the
development of coastal ecosystem in the Antarctic region
is largely affected by maritime ecosystem mediated by
animals, and with very slow speed in soil forming, ground
consisting of rocks or stones is very widely distributed
(Parnikoza et al. 2012). Accordingly, there may be a possi-
bility of that vegetation succession, and its driving force in
the Antarctic region is different from that in the Arctic
region. And it may follow a vegetation succession model
different from the facilitation model that the species in the
early stage of vegetation succession known in the Arctic
region promote settlement and development of the spe-
cies in the later stage.

Most of the Antarctic regions are covered with perma-
nent snow and glacier, and then distribution of vegetation
is limited within the coastal region in which snow melts
in summer time. Recently, vascular plants, D. antarctica
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and C. quitensis, have spread in the maritime Antarctic
region (Kim et al. 2007, Favero-Longo et al. 2012, Korea’s
Ministry of Environment 2014). However, dominant vege-
tations in this region are lichens and mosses (Kim et al.
2007, Choi et al. 2015). Accordingly, it is important to
figure out the factors in determining the spatial distribu-
tion of lichen and moss communities in the maritime
Antarctic region (Tilman and Pacala 1993, Tang et al.
2013). The factors closely related to the spatial distribu-
tion of lichens and mosses in the maritime Antarctic
region include snow melting time, continuity of exposure,
distribution of available water, and distribution of animal-
providing nutrient salts (Kim et al. 2007, Favero-Longo
et al. 2012, Parnikoza et al. 2012, Kim et al. 2013, Choi
et al. 2015). Because of recent global warming, glacier
melting areas in the maritime Antarctic region have been
rapidly increasing (Convey et al. 2009, Parnikoza et al.
2012). Even in snow-melt areas, these are increasing in
both exposed areas by snow melting in the summer and
those with longer exposure. However, in the maritime
Antarctic region, compared to the Antarctica, the summer
climate is very fluctuating and annual changes of snowing
amount are also huge. So there are many regions fre-
quently fluctuating in the exposed area, its continuity, and
system of water flow by snow melting (Shin et al. 2014).
In the maritime Antarctic region, like climatic changes,
climatic fluctuation may have very significant influences
on the distribution of species (Olsen et al. 1993, Shin et al.
2014). Life’s responses to climatic changes and fluctuation
are related to spatial dimensions (Lewis Smith 1972,
Longton 1988). Climatic change affects the distribution of
species and development of the ecosystem in a broader
spatial scale while climatic fluctuation influences the
distribution and vitality of the species in small- or
micro-scale (Bisigato et al. 2009). The studies about
life’s response on climatic fluctuation in the Antarctic
region are very critical in the prediction of the distribution
of species in micro-scale. In particular, studies about
climatic fluctuation in various scales in individual unit,
population, community, and ecosystem and various spatial
scales of small, mid-level, local, and regional level may
help to understand distribution, origin, succession, and
evolution of life in the Antarctic region (Reynolds and Wu
1999, Crawley and Harral 2001, Gillson 2004, Bisigato
et al. 2009). In addition, these studies may contribute to
predict changes in the Antarctic ecosystem to upcoming
climatic changes and irregular climatic fluctuation.

A small area with complex topography in the maritime
Antarctic region offers variety in the annual snow cove-
rage continuity, snow depth, and water supply amount
depending on climatic fluctuation and has environmen-
tal gradients with consistent direction (Kim et al. 2007,
Favero-Longo et al. 2012). Even in the same year, de-
pending on micro-topography, there may be different
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gradients in snow melting time, period of snow cover,
and water supply capacity (Choi 2015; Choi et al. 2015).
Therefore, small areas with complex topography are a
proper site for experiment to study the establishment of
vegetation according to the extension of progressively
exposed areas, their vegetation succession, and responses
of biotic communities to climatic fluctuation.

This study aims to figure out factors in determining
the spatial distribution and changes of vegetation with
snow melting at small spatial scale and find out the as-
sembly processes of cryptogam community in this area.

Methods

The research area

King George Island is the largest island in the South
Shetland Islands and is located in the scope from 61°
50" S to 62° 15" S in latitude and from 57° 30" W to
59° 01" in longitude. The island spreads from southwest to
northeast in a long line. Its length is 54 km and its width
is 40 km. Most of the ground areas are covered with
glaciers, and in its coastal region, limited snow-free areas
are exposed. The climate there is oceanic and wet and
milder than the continental Antarctica. In King George
Island, glacier retreat started about 6000 years ago in the
Holocene, and its climatic optimum was between 4000
before Christ (B.C.) and 3000 B.C. (Bjorck et al. 1991,
Yoon et al. 2000). Barton Peninsula is located in the
southwestern part of King George Island, and it has about
4x3 km ground snow-free area in the summer. The
central part of Barton Peninsula has altitudes ranging
from 90 to 180 m, with smooth slope, but its topography
is very complex. The annual average temperature there
ranges in —-1.8~1.6 °C, and the average temperature in
January is 1.9 °C. The annual relative humidity is 89 %,
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and the annual precipitation is 437.6 mm. The average
wind speed is 7.9 m/s, and the main wind directions are
northwest and southwest winds (Lee et al. 1997, Chung
et al. 2004). For the flora in Barton Peninsula, there are
two vascular plants of D. antarctica and C. quitensis. In
addition, 33 moss species and 68 lichen species were
reported (Korea’s Ministry of Environment 2014).

The small-scale area where the research was con-
ducted is located in the southwest coastal area in Barton
Peninsula where King Sejong Station is established. The
geological location is 62° 13" 36" S, 58° 47" 07" W while
the area’s altitude ranges between 30 and 40 m compara-
tively smooth. The peripherical topography is surrounded
by low hills. In this study, in order to investigate the
changes of vegetation by a single factor of snow melting
speed, the topography is connected from ridge to valley
(Fig. 1). In order to investigate the snow cover duration,
snow cover borderline was drawn by four times from
January 14 to February 18, 2015 (Fig. 2). In the figure, the
thick-lined curve indicates the boundary of the snow-
covered areas checked in each investigation time. The dark
gray part is the snow-free area in the earlier time in the in-
vestigation (before 14 January); lichens such as Usnea sp.
were dominant while the white part shows snow-covered
areas until the final investigation (after 18 February).

Study period

This research was conducted for about 7 weeks from
January 14 to February 28, 2015. Plots were installed, and
in order to measure snow melting speed, from January 14
to February 28, 2015, with four sessions, outer boundaries
of snow-covered areas were investigated. The vegetation
investigation was conducted on February 18, 2015, when
snow was melted in the maximum scale.
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Fig. 2 Map showing the retreat timing of snow cover in the study area
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Installation of plots

After selecting smooth-tilted areas where snow melting
changes seem to be distinctive according to time due to
the connection from ridge to valley, lattice plots with
width of 40 m and length 25 m were installed. For plots,
54 small lattices with the size of 5 m x 5 m were divided,
and then small plots for investigation with 0.5 m x 0.5 m
were installed. In each plots, environmental factors and
coverage of lichens and mosses were recorded.

Measures of environmental factors

For altitude and topography in plots, they were mea-
sured with relative altitude by using auto-level in each
micro-lattice. Snow depth was measured by using a steel
bar with 1 cm in diameter. The investigated data were
transferred into an isopleth in 2D by using geographical
statistic analysis package GS+ (Fig. 3). For locational
factors, sea level, aspect, micro-topography direction,
slope, micro-topography, size of substrate particles, and

Distance from west end(m)

Distance from north end(m)

Fig. 3 Topographic map of the study area. Each contour line means relative altitude (m)
A\
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soil moisture gradients were measured. They were classi-
fied by several categories with the criteria in Table 1.

Collection and analysis of vegetation data

In the 0.5 m x 0.5 m plots installed in each investigation
point, height and coverage of vegetation were measured
and then pictures of vegetation in the plots were taken
and the coverage classes for each species were assessed
indoor. The images of vegetation data were acquired
with high-resolution digital camera with 12 MP. The
classification of vegetation types was done by using
dominant species with higher coverage rank. Importance
value was calculated by summing relative frequency and
relative coverage of each species, and percentage of
importance value was calculated.

The data acquired from 54 locations were used for the
analysis by a vector table consisting of vegetation data
and environmental factors of the investigated points by
using MS Excel 2010 (Microsoft, Raymond, WA, USA).
In each plot, indices were calculated by classifying into
lichens, mosses, and the total taxa. In order to figure out
influences of snow melting on the diversity of cryptogam
communities, various indices were calculated. Species
richness (number of species that appeared in each plots),
dominance (C, Simpson 1949), evenness (/, Pielou 1969),
and Shannon-Weaver index (H', Krohne 2001) for
species diversity were calculated using the following
equations:

C = > (P
H' = =) (Pi In Pi)
J = H'/In(S)

(1)
(2)
(3)

Here, S is the total number of species in each plot and
Pi is relative important value of I species (Krohne 2001).
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Statistical analysis was conducted using SYSTAT ver.
12.0 (SYSTAT Software Inc., San Jose, CA, USA). For
comparison of means among types of communities
depending on snow melting time, one-way analysis of
variance (ANOVA) was conducted, while Turkey’s test
was done for post hoc test. Canonical correlation analysis
(CCA) ordinations were performed using CANOCO ver.
4.5 in order to analyze the main factors affecting the
spatial distribution of the main species (Ter Braak and
Smilauer 2002).

Results

Does snow melting drive the environmental gradient?

In order to analyze how topographic factors are different
in the different locations in snow-covered period and if
there is a difference of moisture gradient, according
to snow-covered period in the summer, five vegetation
types were classified as follows: always snow-free area
during summer (section 0); snow-covered area for 2 weeks
during summer (section 2); snow-covered area for 4 weeks
during summer (section 4); snow-covered area for 5 weeks
during summer (section 5); and always snow-covered area
during summer (section 6). Environmental factors among
classified vegetation types according to snow-covered time
are summarized in Table 2. Always exposed area during
investigated period and snow-covered area for 2 weeks
were very different in environmental factors. Always
ground-exposed area during summer is located in the
tilted area with higher altitude and smooth slope. For sub-
strate particle size, always snow-free area during summer
(pebble) had smaller one than other areas (cobble-pebble).
The slope direction in the snow-free area during summer
was southeast while that in the always snow-covered area
was valley part in southwest slope. Relatively, differences
of locational environmental factors among locations with
different snow melting times in the southwest region were

Table 1 Criteria for classification categories of the environmental variables

Environmental  Category

variables 1 2 3 4 5 6 7 8 9 10
Microaspect 0~225,3375~3600 22.5~67.5 67.5~1125 1125~1575  157.5~202.5 202.5~2475 2475~2925 292.5~337.5 - -
(degrees)

Microaspect N NE E SE S SW W NW - -
Inclination 0~5 5~10 10~15 15~20 20~25 25~30 30~35 >35 - -
(degrees)

Topology Summit Ridge Upper slope Middle slope Lower slope Arid valley  Stream flow Pond or wet land - -
Microtopolgy Upper slope Middle slope  Lower slope Arid valley - - - - - -
Substrate Rock Boulder Boulder-cobble  Cobble Cobble-pebble  Pebble Pebble-fine grain  Coastal sand Fine grain - Humus
Wind Very strong Strong Moderate Weak Very weak - - - - -
exposure

Moisture Very arid Arid Moderate Slightly wet ~ Wet Very wet Snow

Snow cover 0 2 4 5 >6 - - - - -

duration (week)
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Table 2 Comparison of environmental variables among vegetation types classified with snow cover duration (week)
Properties Snow cover duration (week) F ratio P

0 2 4 5 6
Number of samples (n) 12 9 7 5 21 54 54
Altitude (m) 363+02a 343+04 b 344+05b 350+06 ab 335+03b 11.556 0.000
Aspect (degrees) 48+02a 46+03a 46+05a 48+02a 60+0.1b 10.883 0.000
Inclination (degrees) 23+0.1a 32+04b 24+03 ab 24+04 ab 2.7+0.1 ab 2271 0.075
Topology 50+£00 50+£00 50+00 50+£00 50+£00 - NV
Micro-topology 12+0.1a 23+£02b 23+£03b 32+£05b 31+£02b 16.345 0.000
Substrate 6.1+£02a 53+£02b 53+£02b 50+£02b 53+£01b 4.392 0.004
Moisture 31+£0.1a 23+02a 27+02a 30£10a 70+00b 107.344 0.000
Wind exposure 38+03 40+£00 40+£00 40+00 40+£00 0.866 0491

According to Tukey's test, columns are statistically different where they do not share any letter (P < 0.05)

NV no variation in dependent variable

small. In the coastal lowland in Barton Peninsula, snow
melts down from smooth-tilted region with the upper
slope, where its altitude is relatively higher to lower slope.
However, in small-scale region, it seems not to form
distinctive environmental gradients between snow-free
locations (Table 2).

The influences of snow melting time on vegetational
structure

In order to check if snow-covered time affects vegeta-
tional structure, heights (cm) and coverage (%) of the
entire vegetations and each one among the five different
vegetation types in snow melting time were compared.
For the section “0” location, always exposed area during
summer, the height and coverage of the entire vegeta-
tion, lichens, and mosses were 7.9 cm and 83.3 %,
4.0 cm and 64.3 %, and 0.7 cm and 15.9 %, respectively.
Compared to this, those in locations snow covered for at
least more than 2 weeks (sections 2—5) were 0.5~0.7 cm
and 24.0~34.8 %, 0.5~0.8 cm and 24.0~34.0 %, and
0.4~0.7 cm and 0.6~4.6 %, respectively, showing a quite
big difference with location where snow always melts

during summer. In areas snow covered for more than
2 weeks, height and coverage of lichens and mosses
tended to become lower as snow-covered time was
longer but there was no statistical significance (Table 3).

Influences of snow melting time on species diversity

In sections 0, 2, 4, 5, and 6 classified according to the
snow melting time, species richness was 9, 4, 4, 5, and 1,
respectively, showing remarkable high richness in always
snow-free area during summer. Section 0, always snow-
free area during summer, showed 6 and 3 species in
lichens and mosses, respectively, and lichens twice more
than mosses. For the maximum species density, in the
section 0 where snow always melts during summer, it
was the biggest with 7 species/0.25 m?. For species den-
sity and diversity indices, they tended to increase as
exposed period was longer. The taxon with statistical
significance in differences between snow-free locations
was lichens. For dominance index of lichens, as snow-
covered time was longer, the tendency was also bigger.
For dominance index of mosses, it was higher in loca-
tions covered with snow for 2—4 weeks (Table 4).

Table 3 Comparison of community structure among vegetation types classified with snow cover duration (week)

Properties Snow cover duration (week) F ratio P
0 2 4 5 6

Number of samples (n) 12 9 7 5 21

Total height (cm) 79+43a 07+02ab 05+0.0ab 05+00 ab 00+00b 2.746 0.039
Total coverage (%) 833+27a 348+96 b 343+59b 240+110b 00£00c 56.828 0.000
Lichen height (cm) 40+05a 08+02b 06+0.1b 05+00b 00+00b 46.837 0.000
Lichen coverage (%) 643+6.7 a 340+79b 319+60b 24.0+11.0 bc 00+00c 27639 0.000
Moss height (cm) 07+£02a 07+£0.1a 05+00a 04+02ab 00+£00b 8637 0.000
Moss coverage (%) 159+64a 46+22 ab 40+27 ab 06+0.2 ab 00+00b 4119 0.005
Snow algae coverage (%) 00+00a 00+00a 00+00a 100+ 100 a 993+0.7 b 681.016 0.000

According to Tukey’s test, columns are statistically different where they do not share any letter (P < 0.05)
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Table 4 Comparison of diversity indices among vegetation types classified with snow cover duration (week)
Properties Taxon Snow cover duration (week) F ratio P
0 2 4 5 6
Number of samples (n) 12 9 7 5 21
Alpha diversity (species richness) Total 9.0 40 4.0 50 10
Lichens 6.0 30 30 30 0.0
Mosses 30 1.0 1.0 1.0 0.0
Algae 0.0 0.0 0.0 1.0 1.0
Maximum species density (no./0.25m?) 7.0 40 4.0 30 1.0
Species density (n0./0.25m?) Total 37+06a 32+04a 27+04a 20+03ab 10+00b 14.275 0.000
Lichens 29+04 a 23+03ab 17404 b 14+04 b 00£00c 28224 0.000
Mosses 08+03a 09£0.1a 10+00a 06+02ab 00+00b 10.855 0.000
Species diversity (H') Total 08+02a 08+0.1a 07+0.1a 04+0.1 ab 00+00b 17.142 0.000
Lichens 07£0.1a 05+0.1 ab 03+0.1 abc 0.1£0.1 bc 00£00c 11.311 0.000
Mosses 0.1+0.1 00£00 00+00 00+00 00+00 0.844 0.504
Evenness (/') Total 0.7+0.1 08+0.0 0.7+0.1 05+00 - 1.775 0.178
Lichens 0.7£0.1 0.7£0.1 07£0.2 04+£00 - 0.561 0.648
Mosses 06+00 - - - - - NV
Dominant index (C) Total 06+0.1a 05+0.1a 06+0.1a 08+0.1 ab 10+00b 18.560 0.000
Lichens 06£0.1a 0.7+0.1 ab 08+0.1ab 09+0.1b 00£00c 55722 0.000
Mosses 05+0.1a 09£0.1ab 10+£00b 06+02ab 00+00c 21.186 0.000

According to Tukey's test, columns are statistically different where they do not share any letter (P < 0.05)

NV no variation in dependent variable

Influences of snow melting on the formation of lichen
and moss communities

Table 5 compares the covered percentages of species the
appeared in sections 0, 2, 4, 5, and 6 classified by snow
melting time. Species with significant difference in cover-
age according to the snow-covered time were Andreaea
regularis, crustose lichens, Placopsis contortuplicata,
Usnea aurantiaco-atra, and snow algae. P. contortupli-
cata did not show significant differences among loca-
tions even when snow melted for a short time. For species

decreased in coverage as the snow-covered time is longer,
A. regularis (0.30~2.17) and P. contortuplicata (0.10~0.88)
decreased smoothly while the coverage of U. aurantiaco-
atra was higher in non-snow-covered areas but it showed
very lower coverage in sections snow covered for more
than 2 weeks. Establishment of Usnea spp. in this area be-
cause this is not a short-term response to snow, because it
requires very long period and exposing for sufficient
growth. Crustose lichens were increasing as snow-covered
time was longer, and it was the maximum in section 4

Table 5 Comparison of coverage of each species among vegetation types classified with snow cover duration (week)

Species Snow cover duration (week) F ratio P
0 2 4 5 6

Andreaea regularis 217+£073 a 106£031b 1.00£035b 030+£0.12b 0.00£0.00 b 5.692 0.001
Ditrichum hyalinum 017017 0.00 £ 0.00 0.00+0.00 0.00 £0.00 0.00+0.00 0.866 0491
Sanionia uncinata 0.04 +0.04 0.00 £ 0.00 0.00£0.00 0.00 £0.00 0.00 +0.00 0.866 0491
Crustose lichens 1.17+036 a 3721069 b 4294064 b 34+129b 0.00+0.00 a 19.392 0.000
Ochrolechia frigida 033+0.25 0.00 £0.00 0.00£0.00 0.00 £0.00 0.00£0.00 1.556 0.201
Rhizocarpon geographicum 0.04 +0.04 0.00 £ 0.00 0.00+0.00 0.00 £0.00 0.00+0.00 0.866 0491
Stereocaulon alpinum 0.13+0.09 0.00+0.00 0.00+0.00 0.00 +0.00 0.00+0.00 1.681 0.169
Placopsis contortuplicata 088+022a 067+0.14 a 064+036 a 0.10+£0.10 a 0.00+0.00 b 6.809 0.000
Usnea aurantiaco-atra 700+0.74 a 061+032b 0.14+009 b 0.10+0.10 b 0.00+0.00 b 67.145 0.000
Snow algae 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a 1.20+120 b 1095+ 0.05 ¢ 615473 0.000

According to Tukey’s test, columns are statistically different where they do not share any letter (P < 0.05)
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when snow-covered time was 4 weeks, and finally it
tended to decrease. Snow algae started to increase in the
location with more than 5 weeks snow covered (Table 5).
Figure 4 is a result of CCA analysis based on the data of
each species’ coverage and environmental factors in order
to figure out how the distribution of species appeared in
the investigated region is determined. In the CCA plot,
distributions of species in the researched areas were
broadly divided into five groups. The first one is snow
algae and is located in the left of axis 1 and middle of axis
2 in the CCA plot, while the second one, crustose lichens
is located in the middle of axis 1 and below of axis 2. For
third one, it is A. regularis, Stereocaulon alpinum, and
P. contortuplicata and it was located in the right of axis 1
and below of axis 2. The fourth group is mosses and
lichens over mosses, Sanionia uncinata, Ditrichum hyali-
num, and S. alpinum and is located in the right of axis 1
and middle of axis 2 while the fifth one is U. aurantiaco-
atra and Rhizocarpon geographicum and is located in the
right of axis 1 and above of axis 2 in the CCA plot (Fig. 4).
The first group, snow algae, can be distributed sepa-
rately, located in valleys of southwest slope, where the
ground is always snow covered. Other groups are distin-
guished depending on snow melting time and substrates.
In the annual year’s summer, snow melts for a very short
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time, or in a cold year, where it is always snow covered
in the summer time, crustose lichens belonging to the
second group only distribute. Actually, in the summer
time of Barton Peninsula, degrees of snow cover are very
different each year. Even in the same location in the
same region, in the summer in a hot year, the land is
exposed to a lot while it is always snow covered in the
summer if the year is cold. Therefore, without other spe-
cies, the region with crustose lichens only is limitedly
exposed in regularly coming hot years not annually. This
species is an important indicator because it shows the
period not snow covered even if it is temporal. The third
group, A. regularis, S. alpinum, and P. contortuplicata, is
not in the location where snow always melts during
summer but the group is distributed in middle-level
location with at least snow-free area annually. They
grow relatively fast and seem to be species with faster
responses on climatic fluctuation. The fourth and fifth
groups are dominated in the locations where snow
always melts during summer, and differences of distribu-
tion between them seem to be related to moisture or
water supply in the ground. The fourth group, S. unci-
nata, D. hyalinum and S. alpinum, preferred flat areas
while the fifth group, U. aurantiaco-atra and R. geogra-
Pphicum, preferred large substrates for attachment and
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preferred long-term-exposed area with few physical
damage factors by snow in order to maintain growth
form. Therefore, the location settled with sufficiently
sized Usnea in Barton Peninsula is the location that is
exposed by snow melting during summer in a cold year
regardless of climatic fluctuation.

In conclusion, changes in vegetation in small-scale
regions in Barton Peninsula are gradual from the first
group to the third one. But for the fourth and fifth ones,
depending on substrate, surface status, and differences
of water supply, vegetations were divided into different
groups. That is, the final stage of vegetation succession
in this research area divided into two different types, wet
vegetation climax dominated by mosses and dry vegeta-
tion climax dominated by fruticose lichens, depending
on the water supply and substrate.

Discussion

The environmental factors related to snow melting in
the coastal lowlands in Barton Peninsula were altitude,
direction, micro-topography, particle size of substrate,
and water content (Table 2). Among them, factors
expected to directly affect snow melting were altitude,
direction, and micro-topography. Differences in loca-
tional environmental factors between snow-covered and
snow-free areas were very huge, but there were no statis-
tically significant environment gradients according to
snow melting time. The reason was that the study was
conducted in a very small-scale region. If the scale is
bigger as middle and large sizes, distinctive environmen-
tal gradients according to snow melting can be confirmed
and differences of vegetation types according to them are
also very clear (Kim et al. 2007). In the maritime Antarctic
region including Barton Peninsular, distribution of vegeta-
tion is largely affected by micro-topography, particle size
of ground surface substrates, water contents, and snow
cover (Kim et al. 2007, Garibotti et al. 2011, Kim et al.
2012, Favero-Longo et al. 2012, Choi 2015, Choi et al
2015). For lichens and mosses showing changes in cove-
rage in the snow-covered period, there are four species:
snow algae, crustose lichens, A. regularis, and U. auran-
tiaco-atra (Table 5). Among them, U. aurantiaco-atra
shows very huge changes in coverage depending on snow
cover and is directly affected by snow cover. A. regularis
and P. contortuplicata decrease smoothly as snow-covered
time is longer (Table 5). As snow melting time is longer,
height and coverage of the entire vegetation, lichens, and
mosses tended to increase clearly. There were huge diffe-
rences between location where snow always melts during
summer and those where snow melts temporally (Table 3).
Compared to it, species diversity and density tended to
increase gradually according to longer snow melting time.
In particular, in case of lichens, the tendency was clear.
However, mosses, as affected by moisture, during middle-
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scale snow melting time, tended to have relatively higher
species density and diversity but there was no statistically
significance. For dominance index, it tended to be higher
in early assembly stage of community with longer snow-
covered time (Table 4). These tendencies show that the
snow-free locations have communities in the process of
assembling not completely assembled ones. Through
CCA analysis, distributions of species in the research areas
were broadly classified into five groups: the first group,
snow algae; second group, crustose lichens; third group,
A. regularis, S. alpinum, and P. contortuplicata; fourth
group, which are mosses and lichens, colonized on
mosses, S. uncinata, D. hyalinum, and S. alpinum; and the
fifth group, U. aurantiaco-atra and R. geographicum
(Fig. 4). Their spatial distribution patterns show direc-
tional processes to assemble communities and for the for-
mation and development of communities, from the first
one to the third one. The fourth and fifth groups where
the snow melts annually seem to be differentiated by
differences in substrates and water supply in the locations.
In the final stage of the community assembly in the study
area, it is very likely to branch into the development of the
lichen communities in the dry succession sere and deve-
lopment of moss communities in the wet succession
sere according to the water supply (Kim et al. 2007,
Choi et al. 2015).

In conclusion, assemblies of communities in small-
scale valleys in Barton Peninsular are located in the
maritime Antarctic region, like the primary succession
processes according to time flow after glacier retreat, de-
pending on water gradient by snow melting order and
differences of responses of main species on environmental
gradients of micro-environmental factors (Favero-Longo
et al. 2012). In addition, with interaction between spatial
heterogeneity of these factors and assembling processes of
communities, it seems that distributions of main species
in Barton Peninsula are determined. In high Arctic re-
gions, surface stones are reported as a factor to determine
patters of vegetation (Cannone and Gerdol 2003, Sedel'ni-
kova and Sedel'nikov 2009). However, this study was con-
ducted in a small-scale region, and gradients in particle
sizes in surface stones are not distinctive. In addition, en-
vironmental gradients of locational factors according to
snow melting time are not clear, either. Therefore, assem-
bly of community and distribution of main species in the
researched areas seemed to be affected by differences of
responses on snow kill by snow cover and water gradients
rather than differences of substrates.

Primary succession of the cryptogam community in
extremely cold environment is mainly made in the
Arctic ecosystem with higher latitude, and in general, for
successions in these regions, directional succession with-
out species replacement and non-direction succession
dominant in polar deserts are reported. There is also
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directional-replacement succession accompanying in
favorable local conditions (Jones and Henry 2003). In
the research site, five species groups showing different
distribution patterns were identified (Fig. 4). Kim et al.
(2007) classified more than ten types of communities,
using cluster analysis based on the vegetation investi-
gation results conducted around King Sejong Station in
Barton Peninsula, and made them belong to a total of
four community types of the plant-sociological classifi-
cation system from the previous studies. Cryptogam
community types confirmed around King Sejong Station
in Barton Peninsular were fruticose lichen and moss
cushion sub-formation, crustose lichen sub-formation,
moss carpet sub-formation, and moss hummock sub-
formation (Kim et al. 2007). When comparing and
contrasting the four species groups formed in snow-free
locations in this study with these studies, group 2 domi-
nated by crustose lichens which can belong to crustose
lichen sub-formation while groups 3 and 5 can belong to
fruticose lichen and moss cushion sub-formation and
group 4 dominated with Sanionia which can belong to
moss carpet sub-formation, respectively (Fig. 4). In
snow-covered areas on Barton Peninsula, algae were
dominant and then density and number of algae on the
snow are determined depending on addition of N and P
caused by animal excrements (Holdgate et al. 1967,
Lewis smith 1972). As snow melts, various associations
belonging to crustose lichen formation and dominated
by crustose lichens are formed (Kim et al. 2007). These
communities are an indicator showing how long snow
has melted. Recently, newly snow-free areas because of
climatic warming are naked lands. However, as snow
repeatedly melts for a long time, coverage of crustose
lichen is increasing. As snow melts repeatedly for a long
time and the exposed time is longer in the summer,
gradually, various associations belonging to fruticose
lichen and moss cushion sub-formation are made and
their representative is Andreaea sociation (Kim et al.
2007). There are smaller differences of moisture condi-
tion according to substrates because these associations
form in snow melting and flowing areas. In this area, cli-
max stage is formed on dried slope and ridge where
snow always melts during summer. In such locational
condition, Usnea-crustose lichen sociation, belonging to
fruticose lichen and moss cushion sub-formation, is
developed (Kim et al. 2007). In this area, it appeared very
rarely but in the wet location with continuous moisture
supply, Sanionia sociation belonging to moss carpet sub-
formation with very fast growth may be formed (Kim et al.
2007). In the succession in the investigated areas, unlike
the primary succession in the Arctic region, vascular
plants do not participate. In addition, the area was
recently glacier retreated and the ground is covered with
large particle substrates which soil development is very
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weak. Therefore, after various lichens and mosses are
settled in snow-free locations, according to differences of
resistances of each species against snow and moisture,
communities are assembled and developed. The order and
frequency of snow melting in coastal lowland areas in
Barton Peninsula depends on topography and climatic
fluctuation (Choi et al. 2015).

Conclusions

In conclusion, distribution of vegetation and assembly of
cryptogam communities are likely different according to
the length of growth period due to snow melting time
and frequency and differentiated responses of each
species on physical snow at coastal region of the Barton
Peninsula (Table 5). Furthermore, in order to understand
the ecological response of vegetation along the Barton
Peninsula in the snow melting and retreating glaciers
due to climate change in the entire peninsula in a wider
space than this paper study on the establishment and de-
velopment of vegetation it is required.
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