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SUMMARY

(3 B 2 o B

I. Title
Long-Term Ecological Researches on King George Island to Predict Ecosystem

Responses to Climate Change

II. Purpose and Necessity of R&D
West Antarctic area is one of the most affected areas by climate changes in
the world. We intended to contribute to understand responses and changes of
ecosystems to climate change by developing platform technologies to study
ecosystems and provide biodiversity information and ecosystem functioning

with Barton Peninsula as a model ecosystem.

III. Contents and Extent of R&D
Long-term resrearch goal of this project until 2025 is to develop technologies
to predict what will happen on the Antarctic ecosystems by climate changes.
For this purpose, this project is composed of four main contents of studies, 1)
understanding interaction among ecosystem components, 2) understanding
relationships between climate change and evolution of organisms, 3) biological
response to environmental change, and 4) development of platform
technologies to analyze ecosystem components and biological responses. For
this period of studies during 2014 to 2016, we focused on 1) set-up long-term
ecological monitoring, 2) wunderstanding interaction mechanisms among
ecosystem components, and 3) diversity and evolutionary origin of KGI

inhabitating organisms.

IV. R&D Results
For long-term monitoring of ecosystem changes, we selected representative
sites of high altitide dry condition, low altitide wet ecosystems, stone circles,
coastal and inland ecosystems, and lake. Several sensors to detect temperature,
humidity, light intensity, soil temperature, soil moisture were installed on each

monitoring sites. As a baseline information at TO, we surveyed biodiversity of
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mosses, lichens, invertebrates, fungi, microalgae, bacteria, and archaea. Field
guide books were prepared for lichens and mosses. Vegeration density map
was constructed by satellite images and UAV images and geo-topology map
was prepared from the same images, too. Map of major vegetation was
prepared by field survey for whold Barton Peninsula.

Costal marine ecosystems were studied by direct observation and sampling by
scuba diving for several selected sites for long-term monitoring. Vertical
stratification of marine organisms were quite clear depening on the water
depth and light penetration. Phylogenetic analyses of marine algae revealed
that Antaricothamnieae tribe is not an independent lineage, instead it is
included in Compsothamnieae tribe.

Environmental conditions affected biodiversity distribution and community
structures. Among many environmental factors, water availability was the most
important factor for all kinds of organisms. In case of lichens and mosses,
which photosynthesize, snow remain was another important environmental
factor because it protects from sunlight and affect light availability. In case of
soil fungi, altitude was very important environmental factor.

Studies of ancient organisms recovered from fossil and sediment cores
provided insights on ancient ecosystems. It indicated that KGI ecosystems are
more vulnerable that expected and it will change very fast when climate
changes in this area.

To understan changes and responses of ecosystems to environmental changes,
understanding geogriphical migration and adaptation to specific environment
are the most important issues. We studies physiological responses and genetic
responses of Sanionia uncinata, a moss species, and Cladonia gracilis, a lichen
species. The most important environmental factors on photosysthesis was water
availability to both of the moss and lichen species. When S. uwncinata was
dried, Rubisco small subunit and ELIP proteins were overexpressed compared
to wet condition. Microbial community and microalgal species in C. gracilis
was quite variable depending on the vertical position of a thallus and position
in a colony. Different genotypes were observed in different sites even among
the Barton Peninsula. It may imply that different micro-environment can act
on different genotypes of the same lichen species.

We developed several databases, including MycoDE, a reference sequence
database fast accurate identification of fungal sequences and ANTOS
environmental data. We hope to contribute Antarctic ecology community by

providing these databases.

V. Application Plans of R&D Results
Baseline  knowledges for vegetation distribution, vegetation density,

geo-topology, microbial community structures depending on different



environments are highly important start point to move forward to understand
changes and responses of Antarctic ecosystems according to climate changes.
Our new research projects, "Modeling responses of terrestrial organisms to
environmental changes on King George Island (PI: Soon Gyu Hong) and
"Studies of coastal and ocean ecosystem (PL: In Young Ahn) based on these
knowledges were approved by KOPRI and wunderstaning of Antarctic

ecosystems will be improved well.
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°]E] 24+ Onset HOBO Data Loggers AH&3stHom, &5352 zlo
F AAME A ST 28 RUEPEAHY &5 17| WHE #52 AxHe] 7L,
)

£, BFBFARENY AN EFES 25, £RIF AAES A5 HolEE £t
Rk HolE 279 22 AHHE Table 13 2T HolH =EAE P7|FHRE 1&vH

sampling3te] 108Vt 2783, 19 5k 7128 dolHE ol Fasta, Helel @A
8 27 B5g AYskac

Table 1. GPS and microclimate data logger installation information of
monitoring point of soil surface layer in Barton Peninsula

Pk dx A= AN AN £F
i ARG ol T
£F | e, AUSE, 3%, AL, Frae
15cm,
KGL21 | 62713 219 S | 58 47 001 w | =dcm,
50cm
’ e, e
100cm &, $EH3
150cm.
180cm
£z | /e dugs, 33 AL, 7Ea%
10cm
KGL22 | 6213 69°S | 58 44’ 352° W | 20cm, Ao susa
40cm
80cm
i= 7N, AulsE, Y A2 SR
KGL23 | 62° 13 21.0“ S | 58 44’ 470 W 25%cm, Qe ruaa
CIm
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% | e, AueE 33, AL, 7RI
KGL24 | 62° 13 232“ S | 58 44 498" W 20cm, A&, Znger
50cm
5 | e, AUEE, 33 AL, FEI
10cm,
KGL25 | 62° 13 51.0“ S | 58 46" 31.1“ W 30cm, Qe R
50cm,
70cm
i3 712, AUEE, 3 AL, TETH
10cm,
KGL26 62° 14’ 34 S 58° 44" 31.3“ W 20cm, e Zpdte
T, T 1T o
40cm,
80cm
23 | e Adws, 39 AL, Y
10cm,
KGL27 | 62° 13 552 S | 58 43 109" W 20cm, Ao Zmora
40cm, el eRe
60cm
£5 | e Aue, 49, AL, FRae
GL28 62° 14 35 S 58° 46" 23.1“ 1oem,
KGL : W 20em, Ae, FRGY
50cm
E5 | e BULE 39 AL, 7EES
10cm,
KGL29 | 62° 13 55.2“ S | 58 43 109 W 20cm, Ao serghu
T, T 1T u o
40cm,
60cm
w5 | e, dlwE, 33, AL, 7RI
10cm,
KGL30 | 62° 14" 17.0“ S | 58 43 466 W 20cm, Ao Zmoha
T, T w.
40cm, °
60cm
S5 AEAe) 87U B2 sl UAY dolE A PR Table 29 k. T
T FYUH FEREL Fo3 HIAEE EAZS HXAgon, SYRES F£2 HIAE
S5t #9154 2AF AU B5e) 2A A AL Fig 29 2k FA FUR
T T2, AVAEEY 79 SAEAE AASAY. @5 volE EA9 HlolH EAL 60%
vlth ool Fom, 2de] @A 2AE wASAT

Table 2. GPS and microclimate data logger installation information of monitoring
point of Fresh Water in Barton Peninsula

A1 A A= A= Az 2A
25 TG F9, F2, ANAER
F5 FY | 62 14 23386" S | 58 44’ 40541 W Fe AVNAEE
T e e ANAEE
HA FY | 62714 08138" S | 58 46’ 09673 W | F9], &, AVHER
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b

S ot (Lewis Smith 1984, 1990, Longton 1988, Kennedy 1995).
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P SAY SFAAHAE ol F= 55
b 7hedt A Hgoltt. o3t HiERlE
73 e Rl dte| FHAAE
o AejA wkEAFo 7INh-S wiAs A}k AT

L
S

ot o2
oo
30 o i ¥
o
B
N
X
rlo
Y
r
x4 K
12
o L rlr
2
i
2
o

O
-

P‘Imuﬁmrfuﬂrﬂ

P o S
-

L

2

ox =
N

lo

» AL 4
b
o

b ot

ol

D e A ST SO e A

Mot Nt oox o Z
o o %0 o2
e 80X
b
rok

T = PR A - B = W
kgjOJ&
o

2
°
o
1z
o
A

4
Ay

2. Al 9 W
7L AAREE 24

FSAT A A T ARG wEREE o] WYt v EXGE AL dAgs e
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o2 <k & u

Manan Cove

Figure 18. Location of survey area (Gaya Hill and Baekje Hill) and a
quadrate (0.5 m x 0.5 m)

) slikrt s B e AYREILS] FAAA ZAb

AFH3t71A A a7l §444 -2 plot 25mx40m)S A Akl w3
AYEEZ I AHBA A 2 ZASAT (Fig. 19). £AF plot2 5mx5m=7]9] 5478 A=A}
o] 0.5mx05m 2719 WETE At E40] o]FolHth A EE dE w55 @
gl YEFE detetr] flsked 20159 1€ 144 FE 29 28U7HA] 75 TS 4709 A7IE U
ol ZASFATH AR A7) F 29 18Ydl EEF0] o Zstith (Fig. 20).

BN

Distance from west end (m)

40

Distance from north end (m

Figure 20. AIJIE snow cover & 4t
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th TEE AMzA

7]
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ataL, 5m A S mAaARE FEI F, 4 AR mAgA e T2, dA el 8 T
o] 9 5& FAFIT (Fig. 22). AW EAME 05 m x 05 me] Hhﬂ%loﬂ =¥t AT,
7R 2 B Ee )5}, WS ZAE, o] wgoz Fo T=E sty W,
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A3 A 2AHE ¢ 1m Aoz MESY, nx P AAe BX 7ho] AADBAZS EASY
ct.

B g

i
i
o
2
x
10
0
Ql
-|0|I
©
(0 0]
CO
I\D
(@]
(O]
i

Figure 22. 2 XXl& HIEE!



Table 3. Criteria for classification categories of the environmental variables

Environmental Category
variables 1 2 3 4 5 6 7 8 9 10
. 0~22.5, 1575
Microaspect 3375 225 67.5 1125 202 202.5 247.5 292.5
(dg) ’ ~67.5 ~1125 ~1575 T ~2475  ~2925 ~3375
~360.0 5
Microaspect N NE E SE S SW W NW - -
. 20~2
Inclination(dg) 0~5 5~10 10~15  15~20 s 25~30 30~35 >35 - -
. lower . pond
. . upper middle arid stream
Topology summit  ridge or wet - -
slope slope valley flow
slope land
middl )
. upper lower arid
Microtopolgy e - - - - - -
slope slope valley
slope
cobbl pebble- .
bould  boulder . coastal fine hum
Substrate rock cobble e-peb  pebble fine .
er -cobble ) sand grain us
ble grain
Wind very stron’  moderat very
weak - - - - -
exposure strong g e weak
slightl
. very ) moderat very
Moisture . arid y wet snow
arid e wet
wet

Snow  cover

N
(S,]
\%
[e)]

1

'

1

'

'

duration 0 2
(week)

% MS Excel 2010 (Microsoft, Raymond,

|2 A7} o7 /{FE Yol EE &

(8pecies richness, 2 T 2dFe] F), $HE (G

(evenness ], Pielou 1969)¢} YA A+ 52 ofeel 22 2& o
=

AA FolH Pe T 19 4 8% #toltk (Krohne 2001).

S

Simpson 1949
o 5= 7 w¥

o
0O 4
o
Mxl“ﬂ

= 2 (P2 (Eq. 1)
H =-X (FPiln P) (Eq. 2)
= H/In (9 (Eq. 3)
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FA 242 SYSTAT ver. 12.0 (SYSTAT Software Inc., San Jose, CA, USA)E AF-&3%
71e oj&dt= TR HHHwE 9l one-way ANOVAE 33ttt 8

F2o TP JPL MAE Fa BALAL BAST] DCALA S FAsuT

HEERE gk AAEEEE B A7E &3l =AM A9 20079 A Foll o MF
7I1A FHe Ao E AME AR, 200909 ESE5HE ST H(ASPA 171) 22 AAH QAL
A A 1 2] Narebski pointe] #eAE FHA 2Hdd AHAAREZEE Farsto] 20149 88
A gl 23 A (AT 20145 THo AR SEES T ASPA 1712 &
Ao o7 FASAT (TLH 6).

HIERIE O] AA2 7 3o FHFTE 7o 2 A 100y +F FH= 78S
dom, T B9y FHEFTS UsnasolW Usnasd T8 o7/, ZH3AYF,
Himantormia®t %+ 8 A Y {7} associations= °lFE 5SS Bt §AEATVE AYHE

757

o =

- T
ekeA, 9ol Fu, Telx 850 o] FE FHol: SanionadT Andreetis) o 7F
SR Tl VEHAL A4 BEE na AYEAT ol wE FRTH S o

AR E = 2o E Bt

Figure 23. HIEBIE O] SEZAIME(Kim et al. 2007, &S 2014,
231 ZADIZ2E 2012-2015)
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Aee AT F AT (28 78 £ 2). XogFY IA=
BHBAE B BHA o779 Ak FHEE 4o AuABAE
A7} 7WEFE 527 Prasiola crispa®] T =71 A YEFS S
AvlE72 HAth

Distance from sauth
Distenee from south
Distance from sauth

0. 20. 40.

Distance from wesl Distance from wast Distance fram west
i 2
Coverage(%) of Mosses Coverage(%) of Lichens Coveragegjgg Prasiola

Figure 24. JIOlS 212 ZAIKCS & AlMYE Z2tF2X

Table 4. &AM X2t

rioe

AROI2EOl Pearson &2t H 2=

Aol 24/ x| Q0 AEwe  oxEsE Wﬁﬁ‘% 714588 EYLESE

Xlo|F9| H| £ (%) -0.37 ** -0.26 0.02 -0.32 -0.56 **=
0|7 &2l O = (%) 0.31 (175 0.24 0.49 *** 0.77 22
Zeo| IOE (%) 0.19 -0.20 -0.44 #** -0.08 -0.20
X|o|Bo| ELU g (No./0.25m") -0.32 * -012 0.08 -0.14 -0.36 **
0|7 &2 L = (No./0.25ar) 0.27 013 0.13 0.22 0.48 ***
ECHELE A= (H) -0.02 -0.15 -0.24 -0.16 -0.33 %
Usnea aurantiaco-atra -0.34 * -0.26 -0.08 -0.17 -0.47 ***
Andreaea gainii 0.06 0.33 * 0.12 012 0,49+
Usnea anftarctica -0.21 -0.19 -0.15 -0.07 -0.36 **
Ochlorechia frigida 0.09 -0.12 -0.08 0.08 017
crustose lichens -0.11 032 * 0.16 -0.13 -0.01
Prasiola crispa 0.20 -0.20 -0.42 #** -0.06 -0.18
Psoroma hypnorum 0.30 0.01 0.05 D.32* 0.28
Sanionia georgicouncinata 0.33 * 0.06 0.17 0.42 Aiew
Sphaerophorus globosus -0.23 -0.22 -0.03 0.03 -0.27
Himantormia lugubris 0.13 -0.11 0.05 0.01 0.10
Andreaea rugalis 0.07 011 0.10 0.06 0.21

=

a9l
HAste A7 Himantormia lugubris$t Usnea spp.7t 733t e WA
o

B Age AAste] 7 $o BExAAE gotstr] Aste] e AeA A9 T3 FH AY
= 4% 2% F T FHRE FFS A= M F 2dL w0] 5= AV, vigol
= e 71de] 327 a8l F 309 AABARZ e (Fig. 25).

&, WAE YT B TN Hinantormia lugubris NAT] R F7 2l0] WA
= s 4] HEllA BSIFAEAS AASAY. oWl FEWMTE H Jugubris/ AT 9]
g8s olglon, =YW T FE(moisture)e] THI, A F(topology), Usnea spp.o] I =
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(coverage) 18|31l AR Al(slope) ©]ATh (Table 5).
O3 71 &4, H lugubris Ao 2 oe A ©E w2 Aujx|o o3 F72
THI7F M 2 FFS PAE A2 FRIFHAH.

T R NP
70,001 i Pep— N I 7 [ 11 1
r,aoc,'\‘ i - L1 | . 60.00 T — T ——1

—~ | A i .- T S T i B e R S s
E 1 i T R 8 £ >

8 50.00 46 - ¥ 50.00 S S A I
- z | =l 4 | L ]

£ n £
2 t0.00 3‘{)(}0 e e
H il w
- L N o . N S N N S
£ i £

2 3000 — 1 £ so.e0
{ e D i
§ 20,00 — — i 5 20.00
] I ] 3

= iBEEEE | ... a
16,0018 =T g 10.60

| | "

o 5 ! 1= alog’ “moin” 7y o.co T 1 Toovt ™ 1
200 1500 3000 4500 6000 7500 Sagi Nygleds Meghgat ligaal lagheel Tt
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=] -"E Gl__rLI:I}'é':!:rLol |T:‘>':i '—_l = "'|.0| o7te T
LHE STEB T A SOl E B30 278X

70.co

o.co-p il TG N ST N, O N .|
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Himantormia lugubrisE| 2| SZHEZ  Usnea spp. 12| SH2Z

Figure 25. BiHilES SRS 20N SB W Himantormia

S
o
lugubris & Usnea spp.2l B2t

Table 5. SYHIES GRS 22U AN Himantormia lugubris M 22l S22 EH &t U=

ol =24
. Regression . 5 . 5
Variables o Partial r Cumulative r Tolerance P
coefficients

Constant 78.809 0.000
Moisture -9.441 0.564 0.564 0.655 0.000
Topology -6.756 0.066 0.630 0.856 0.000
Coverage of Usnea spp. -0.203 0.024 0.654 0.574 0.000
Slope 1.384 0.008 0.662 0.954 0.021

X
HMHENLE AEAE7)A Q2 Sl A st RT3 JBEA 24 D 245

Atk dMATrANA wo] H7] AFEE i 22 Snow algae %3 ¥, Crustose-Andreaea
H¥, Andreaca 538 18]l Usnea 389 4N JGo = FEHAT (Fig. 26).
of e A9S AT F 2970 AR AMARE o] 83t DCAA
. I53 1159 eigenvalue #2 Z+7+ 056872 0.1918°] A th.
7+ 50.5% 9 17.0% 01001, o] & HEALE 67.5%°1 ATzt
15 oA 3709 2502 F2H=, 7 dFods Usnea T34 30l A3t
3

3, Tl Andrea A ¥, 714 LEZF & Crustose-Andrea o] A3t Yo} 1= A

_y;l
i
i
BT
=
o M
;9‘
iy
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A= 2709 aAFeE FREASH, AFNE Usnea F8F ol $1AstaL, olefi&ol= Andreaea

24383} Crustose-Andreae %3 & o] X314t}

DCA %3 27489l o] ZaAS AT 23, DCA 1534 UHE &
Aee 1%, HAY, 71de dAAY], w2 Yo Qe 7IRte
o) 9l BAae 1we} N4 AR/ et TeA
gol AAEE ghe] AMEE FFS HAE Foe o] He Fo X
A el Az, aE T ol E okrlEhE wE, nAF S Foldl
(Table 6). ¢, 7dolE UehAE @gto}, o] % Fo] wEEE 7
=T dFdo] wolAl= WFOE Holrl JPHE o= FHU
e
S Usnea
§ ég:}g
3 s ©
9 o ,f';; i*'.'{:»5 o N
% /, . Ozr] 0 gb@ngai
é f.»’ 1 }.,-‘ ! Dc;ocgﬁ !
‘ o \\ 13 o r"
!” J'} \'\O /’
,'; - C:";:;Fose-
L f?i = 2 Andreaea
w0 And‘reaea
<
05 AX 1 (EIG = 0.5687) 2%
Figure 26. HIEEBtE2l oHCHIIOIA =011 AlEGH
= AN AMol B2t L0 28t DCAZ A Z 1t
Table 6. DCA = gt A0l 2t9| pearson’s A2t H %=(* p<0.05,
** p<0.01, *»**p<0.001)
Environmental factors / Axis DCA1 DCA2
Altitude -0.625% 0.567*
Aspect -0.052 0.247
Inclination 0.240 -0.302
Micro topology 0.720%3%x -0.451
Substrate —0.69 7% 0.543%
Moisture -0.183 -0.113
Wind exposure 0.326 -0.332
Snow cover duration 0.819sk:3x -0.380
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g FREY APRE

TrES] 4 JARL webd 37) %ao; FEE 5 AU (Fig. 27). 7 732
2 AAe 7, M=, den SAtE A9 §30] 2l etk AuHes A
o BAE TERES U AS olFH W e 219l 1Y AT FHL) UG, FEE
o AL 7t An M= WA dehgth Fnnse] P48 d¥e] TRECE A4 7
t Ao ANAOE W57t ¥ WolX o71Fe| WEst A Urhgth I TR e I
Sol F4E YFTEEE 0 2 /) ARE FAAIUT AV Fom Aol =27)
b & Usena spp.o) S1=7F B2 Uebsdth o] A<elA A4e Bxo] 9T WAL Fad
29 % AESE ofuls PR F7 2A D BALS ANT Fol AN oIk

(o3

1377 I 2.7+ : Im 77+

L ) e I
T - MY, 2 EBEEe X
T ms aimoa 4o
- Aol F|7p &,
-mEot we

Y 351
= x“ﬁ%*—l ‘39| I o,
- Usneasp. 8] T|E7t 5

1
oA HAE, 4A e, Ao FARRE A, 17w
Ww BAST (Fig 28) AlFe o7 5e £

So MEE YA R I A A A BA FeA @A red,
siebgge] A@Re] BESAL. o717 WEE FE /g AgY5E 3 %7}
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A4 A BAR Aolo] WE AR FEvjy £

Fo A go] EABT ole A §7

o
>

: =), H| 3l T}oFe =
ol E Fstal S Y %l, nAE 7, 8 2 A4 g8 dEFe = 95
F ARA s A F/IE wg At EAS=H O F dadonia gracilise VHEWIE W 54

Ao st o] 7]17RE Ao FE gAo] W2 AA Ao wet PEjZ] T ol w =
of X FHH ¥ AFol APttt C gradlis®l P10 O A= FHE &
Ast7] st F7] ZYUEE Al E(KGLO) YA Ao F/FE T4, T3, /MR RE vyra, 7
A E HF, T35, azGi o] A= H“JHH AR UVel Ay os =
SHo AxVt ALEHE SR /PR e AR d-1S Holal stEHet T4l FEel H
af M=t E}T’E%}O"U} Cyanobacteriav= <53+l UV7} g L 2HE F=Ho| R =3
EASE AFEE BAY C gradlis®l 374 g HERE 5198 gideR C
gracilis complex®] F & BASAL TP ot FefF wolrt #FEHG oW, AHI
el SHSE Y AEAe] TEEHUGYG. 5 A9y A5H dE HUEsEY HHES F
o 16%, 7129 =+ AW 02 m3/m39 zto]& B wzt 38 ¥=E dSste &4 &

Ho| B ozt BeeTh

1. A8

HER == 22 A7)0 BlsiA Bef A ol EAlstaL oA A e FF 54
ol Fdte SN BE, riAE IF, 744 vddE 2 FEHFH gFHd 9Fe =
o HENIES F2 A4 Exe AW, AAU, ArHe wE Zo]lE HAo. nlERE]
SEAUNAE olF& FoT A T e AdFolH. AddF e w2 AU FALE
ZEA 7] W Eel g& 71§ 2ddAE Z Aty dokd 5 Ut (Kershaw 1985). Ao F+=
A AFHoz EASHAR AAAY e SA G ZE BHNEEHY FAol AL X
ME Z7]0 Azste] A2stHA &Aet A 35 5t & AEAEY FYS 32
T}(Kappen and Valladares 2007; Domaschke et al. 2013). W2 # X HIE /A& B2
OF TELS 2EEUE T8 829 v F83H(Gauslla 2014), HIEWE W o] Ao F &
HE-E B4 o] AFdAE tggs E8-884d adE T EYFEol AUF 7w
olF ®xo T8I 8ldds FJsAT. FEES A7 7 A & A4E

15 LA A 7]

Hol 7= ﬂq.ﬂﬂ%% F9e wEI AdAe FERFe
1z

O R T ¥ S O RO

AAS 7T =3 Az Aol I Uﬂl'?oﬂ TaFo] F2 EoA = A
Ao FESFE A oA 1 ]%Oﬂ Arst HAS ez A2 A ZFo] 7
3} T} (Fernandez-Marin 2016). A| &] ol we} 429 EL—TLEOH zFol7F 2 ol XoF B
HH = YIS vtk A Y[/ Cadonia gracilise Z2-2E2E2® Fol &3t vlENIE9
4 B4 AR fol €A E2EstH F g0l w=u C gradlis®l E2U= 7HEaL
A A EE o] FojA Qal o] wEo] o7 AAs=d oy EAL AH R ==&
= AEFEH ol7lel AFsa AFA R R =EHA e ofdE FEY UV, T8,
25 T H&AH Aol F o7t oldd A= Al Aold WE Ao Fo vAE
Tl FEE FAL F de FL2 dolth ol wEt HEF 7w AYFA C gracilisl

9 ] =

gelsta 150 AAYIAe] hE 4 PEE Lolua Bk
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2. Al & vy

7h 7AY, AEAAH B A

C gracilis®] A= X s fste] 54 A9 KGLO1 AIEONA F 3 &
2y dis] AEE AASAH. AR AFHE At T2UE A A 72, 22U 7}
& ¢Eo] 4 em oW F A (center) i, 7HE vIZZES] 2 em oW 7FE A (margin) FiE, <F
Z3} upgE9] FIHintermediate)F-+ O 2 Uil 2 BES A FHE] @A A blE 100%
EtOHol 1At T @Rl A AHT Al B2 28% AgAE 2FHAA dnAd A4 <
Bl BEEES AA T FH 085% NaCl=Z ¥HEZH o2 A 43} th(Lee et al. 2014). o] &+
of AHACE »=EHI S HE FF(top)iE, squamuleo] o] F2FE| L AFAY
< Y= TTmid)FE, ol7ld H2Eo] i wj¢ @2 ZME H1 squamuleo] Ao &
oAAA 2 T (bottom)FHEOE Lo 7 = 05 em¥ Ze yFo FAH C
gracilis?] @& E437] S5t A7 EUE® Ao]E % FAAGeZ o717} M4 star
o|7] ZIRke] A& {7F A ete= 5 AlEE AASIAT. F 105709 AEE AAA HE
100% EtOHOl i7gstsieh. @4olA AHE EtOHA 188 AqAE A drA 4
A 53 E-ES AA T FH 085% NaClZ HHE2 02 A 23 th(Lee et al. 2014).

N

TAAZE Fd MES 7W=AZ F TissuelLyserll(Qiagen, Germany)Z 3}3 gt
Exgen soil DNA mini kit(GeneAll, Korea)E %3 DNAE FZ33th. =3 DNAE +
gddEdy Fx8 BAMS 93 LSU. rRNA Fx# Zgeolwl wza=rt B2
LSU26f-LSU657r2 PCR3FSITH. A chabd 242 93] 165 rRNA 37 univasal Ze}o]
el "= & 27F-519RE ©] &3t PCR&SATE AlUAE Roche 454-Titanium PlusE
Ar-gste] A8kt

ﬂ°*'

1

ot 4 H ol H

n71$E 34371 98t HOBO data logger$t th7] 5% AlA, A FaFSA
A A, 71dE5EA A, 712544 (Onset, United States)E Aol Eof] AX|3ATh 7|$S5AH S 1
2ottt SR EHD 102095 HolHE AAstdth. £33 dlol8 & HOBOware® F=3F3

3. 437 4 E9

7}. Cadonia gracilis®] 37| & #3E

C gracliss % 9722 Yo sttt 7 b S BAME A}
FTHFEEY TF, sk vidw gddel o =g /PR FES SAFES 4T
B SZolNE 2 Aol YAAAT FERBAME T B4E F2REI Wz A
< HAx, JRAEE s ASTEY HssiAs AEE B AukRe=

Proteobacteria, Acidobacteria’7} -3t 1., 53| Alphaproteobacteria®l Rhodospillales®} Rhizobiales
7b wl w2 FEe AASAT. AT HES Proteobacteria?t  Acidobacteria’t Ol F-E<= *FA| 3}

I} FFHREL Ganobacteaa®t  Actinobactera’t 833 VerucomicrobiaSt

ol

==
al, =
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Planctomycetes= ST 27 A-F 5ol Hlal FFoA =2 v&E IS F+ AU
o #=@ole] A tFEE dadonia ¥4 F%°17F w2 ¥lES AAIAYAR o] HrY
S

Lecanoromycetes$t Dothideomycetes, Leotiomycetes®l| <3t #7 % 4

38
g
"

o
1 100%
£" I I I
0%
s S TR

& Acidobacteria -ag L ™ Saciergidetes w Chigrofied
m Cyanabacteria B Denoceccus-Themus B Fimmicutes ® Gemmatimonadetes W X178 p
a0 ® Planctomyceies W Pratectactena = TME ™7
M unclassified Verrucomicrobia W5

Y. (Jadonia gracilis®] 733 £

Z 570 AbolEoA 105709 A RE F5353a, A7 A F%olY LSU Adx
g A e ANA2 gdol 1elA 5718 E714E ] ztolE EATH 9719 AlF A
T MY A AR 2T w=E HEE RAFHAETH & o 70%E 9A EUTH o T AlA
FAEZE 99% oldo] e F MY AlE= EFY(GTL, GT2)o tisl] A Hol w2 #A s
A3 oh GT1 KGL03, KGL0591A4 =2 Hl&= 15 %3, GT2E KGLO19 A -3+
o 5 A9 A4F5d 9 HFdE=E HA2 AW 6%/t Wi 7" FE& Hd 0.2
m3/m3¢] zto]lE H AT

T IV o

mGT1
scn2
st
wGTs
wothers

Saturatee valumetric water

Figure 30. Cladonia gracilis2l &-3&3 X0l
N2, (A) SIE ¢ &HY, (Bl
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C gracilis®l ZF< FdHAHoE st5Ho vl &5 B TS5 =2 &= HEHU
O oA FPAHeE frlEe st =RV B 944 Fe 55 AFLAE ZEH
TS Ao F/ FA ZHE U7y FEVSEE FIAHo] JhEdr] WEe AEH FFd HA
StAA AL FgoldA AFE T fFrles AL At v Ganobacterias S5
2 FF R Fa5A HEHAET o1AL olvtE Ganobacteria®l FELTE7) ®7] W&
o B0l gAsHA HEAAE o7|2HE FET FES A5T F Ae s5F HAAS
= Zo] o #gstr] WiEd Aotk ol¢t 2 A= AoF{ o FEd wet A mAd=E
o] Aol W = Qi 4 Ao FEIS ViAol wEt mAd= TR Ae F
Ao AART. C gracilis®] A2 Aol whet F14, Fejz 2ol7b A 74 xqe] g
TS5 74 S5 Zol7F AT oA FAPEE ABs= FFEA ] »E Aol &
gH oA ¥ BHAH, FIAEE, §52Y 2R F 5o AoE 72 & F UAH

O

(Sonesson et al. 1992, Sancho et al. 2000). ko= o] AFNA ¥ We A5 A3 AT
olEle] £4°] Hasit.
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i)

Ho

S 2 %7l ) (Arenz and Blanchette, 2011).
o t@ $1F7} 3= o) (Ding et al, 2016),

dol 8 WE w2

A

+

Zlol AT, v div

ATl AFSHO $o ™ (Ruisi et al, 2007; Ding et al, 2016),

2
i
~
Ho

o}
o

=

o

= a9 "7k 84

U ool A

e g9 A e 5344

3}

S
T

Hd

= (Green et al, 2004) &= 7 7]

A &=

=
=

1?t A=A npEnt

x

AZAA7F 9

Aol A =

ojth 2

oF fiu =l A A

Ly
-

2. Al & vy

AZ71A FH AZ2AA atETES HR=o A 194 (2011 ~2013'3) 9]

FAEE

E
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A sk
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Figure 31. Sampling sites in King George Island

Lt gDNA S5 3 #7 #3834 97144 &4

EYANE 03gS MP bio Fast DNA® SPIN KIT (MP Biomedicals., United States)E ©]
ot EGAN R W EA%kE gDNAE FE330th A RolA FE3 gDNAT 1% agarose gel
N H71d5e Tkl &g ¥, PCRS FdsAT. &72] 265 rRNA (LSU) gene®| H=
235 glst] 98k test-PCR& WA T3 3813 T Test-PCRE AleF 2312 DNA template
o] AmpONETM 7ag DNA polymerase (1.5 units), 10 x buffer (MgCl, 25 mM 23}, dNTP
mixture (Z} 25 mM), Z18]3L primer LSU26F (5-ACC CGC TGA ACT TAA GCA TAT-3')¢}
LSU657R (5-CTT GGT CCG TGT TTC AAG AC-3)E H7lstd F%S 25 w7t A skdth
PCR W3 ZAE 94ToA 587 %7] denaturation &, 94C oA 1&%t denaturation, 56 C ©J

Al 1%t annealing, 727TC oA 1&%t extension®F-§<= ¥ 303 HHESIQTH wlA|9to g2 72T 9
A 5EZE extension®F-g-S T3PS th PCR AleF 243 WS o] HAE Aoz 82l H

of thg BAE AL

Z 25771 Alsol thetd A E ThE barcode’} -2 LSU primer set (26F-657R)E ©] &3}
o PCRE 339t 2+ A gvith 3 wiE o2 PCR HHES 3359 th PCR ¥H8 & HIS &

o 3 H FAEEES A AT, Pyrosegencing T ol AR & AA I ABEL pooling &,
y q g p g

Roche 454 FLX-TitaniumE AF8-3le] £43}% ).

o o7 G71AE dAY 8 s8I FAEA

174 3ol oJsiA Do F71A L2 PyroTrimmer (Oh et al, 2012)5 &3}
o FAo] ¥ HrIAgd tigt filtering?} clippinge F3stAth A7IAEe 37 HE 5 bp
A=A @7 FAASF7E Bt 20 okl A5 Ao, 71 <A Zdol7t 300 bp
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ojsiel  AZIMEL AAsAT. AEBH  A7IALl  wHste]  USFinder (Hong et al,
unpublished) AZE S AH83t uniquedt A7IAES A3, UCHIME Z =13
(Edgar et al, 2011)2] de novo chimera detection 7]'5S 83} chimeraE AASAH. F
257788 A& F, 1,0007] o)’de] ArIA el dox ARE tde= 22 1,000709 A7IA<E
< resampling 3R, olE UIFeE FF EAE F335Hth. CLUSTOMS ©]&3te 99%
similarity cutoff= °ﬂ7] Adel FH2HY S T3 3, OTU, Chaol, Shannon, Simpson &
o] vt A+E ALtstdt. RDPY LSU reference sequence®} RDP classifier Z= 13
<= 283t 037]"1%-4 S TSt ASH EFAERE FHRIUHT. =Y R 227
vegan H7]A]E o]-&3t] A QA HFAAAE EAHAT FAFLE FouH| ARE
271 #18l, 1,00070 o]Fe] @714 Eo] SFrE 148709 A" F FFE 265 rRNA €714 E
7} 20078 o)’dd AmERE Adste] T T <l e FRAAE £4SHAT

3. 2437 9 E9

A e

T 257709 AlmE F, 1,0007] ©]/de] @7 de] A AR ee 14871, SR
LSU 714 €92 F4E 6008357192, AASEZ 1,004 - 1715870 7] do] dojHtt
v Y E2] 265 rIRNAE SZ2T 4= = primere] 54 4, R" A7 MG T 72 265
RNAZF ¢ M= 2352 &2 ASE AU 27). BAIE 47.9% 744 F7F9 265 rRNAZ}
3 A FA dojFa, AE & Hit 23.1%9 A7l Gl F7Fo £3H T OTU & 7,36871
R, o] F 1,3087%7te] /ol &3k, tFE2 unclassifiedol &3tAth (447470). 7]
26S TRNA @71 ETHS g2 S o, phylum levelol Al HAE 357%014 BAE 79.8%
7FA unclassified2 #7571 A3, class lelveldl = 53.2% - 93.3%7} unclassified® 577}
H A Unclassified® EF8 F7IAME T F= AE, VAHERF dA8sE 5 o2 AET
£ JhsAE WA & gley, olF dF e AS7HA HAEHA Gid M2 FTFHRe 4F
A 7hsAel ok =F Bty A8 479 ASH EF AEE FHI] fd B2 ATt
e Ao AdHT

ol
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Figure 32. Fungal community structures at phylum level (up)
and at class level (down)

Unclassified& A|93t & HFS XAete &/
Lecanoromycetes= YRPH O 2 A o7&
= A9} goth o83 ALE AEANH A TR soil crusts ABdAdo] Q)
HH, 27 FAAAE FAdsta & TteAol =2 AR AdHEY. 1y
7] € Aog #oEE ZE F9 EYNMNE Lecanoromycetesdl| 43 #5771
Aste A% Wol HAHUAY] WiEel AoF{F FAolede & A o3 #7 A2
o] dHT oz =2 HEE X Jv FFE Ctridomycetes, Dothideomycetes,
Saccharomycetes, Blastocladiomycetes, Leotiomycetes & 22 U EFS T

U &7 ST/ OIS S el 3t AuuA AT
07]%& ukel ko] 7368709 OTU = 1,3087H7F w5l £33, 11870 A 59 #F OTU
< WHSE  Bray-Curtis dissimilarityS A4, o] 'S 2 Non-metric
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multidimensional scaling (NMDS) &
< R H71A F sl vegan®| envfi o S
EFY &7 oHT=d M F ¥ "Ae A=
(ANOSIM R: 0.4994, p < 0.001). AL=7} @& A Ho| HFHd o=

o o & 9t (Fig 33). S R FATEG ABBAT UAT
Fzeh ARWAY} e ASE Ui, ol& FRHe

chepdlel Aol A, FAH 8 Folo] o|g How oA

,F
N
(o3 Ol[“
o
o

7h dlolE o] =o] A B G RO
Hp= 4k AMtEe] B AR U Z
E AT g7t v F5 B oF TR M & SFS VA il
=9 Aoz AgH, FRH s A7 TR gdde] Aole AY9H, IA4FH &
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Figure 33. Non—-metric multidimensional scaling (NMDS) ordinations

of fungal community composition. Correlated and significant
environmental variables were overlaid onto the NMDS space.
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ok dge AATHIN A Fus] 1Y WA wsss B Fo stk Ao Ful
o171 Fsh gol MHENES] FHNRE FAoE FAH] g T HYoR YEADG P
Ao AR fow BAsY| olelsme HAMsel 1 ; ER

2014/153 3} 2015/16'd 2] 2@ 3F 12X ol A x|FH 3 ESAI R A2 Al
A}, 1 A3}, Actinobacteria’} AAFA o2 H
%

shol )@ lolgt ARWE L AVl Fxolw, FF thdzry AR
Fachy, 715w Be nEREdAe] AFEy W) ofF

& @
& 4 gls Zog Y=,
1. A&

ALY duiAYe] A 4 AuUAY s e W 2 e 3o A
S2hgo] g ERsr] wEe YA WsE RUETY ste dHele #e oEsel Atk
W, G S A T2 "ellAY, TRl "ol o wle Tesih &=
g Z1Fdste] v sk westnE Asel A AEA Holddy dEsrdE
- AL in situ o] 2 5 = FAS AY AL Y (Convey & Stevens, 2007). 7 4]
24 AAStAL = vENtEE Ak, AL A SO AP Sl mie gdet
FHE EAsH, §A4, Ax2AY, F2E, YFEHAY, @535 T I vaAHATE 3
AEo] ok HT AFdse} o]} FAG R st Ao e HAe] Foidx
Jom, 2 F, 71FHrt FSEG vl VA= FF0 U 7= w2 #HdE T
AT (Rinnan et al, 2009). o2 3 7] FHsto] & H=o M3ES ZUEHSH7] fistods v
271% BEI YA 54 £40] Frtd HE W3 RUEF o] zh3oloptt Fr] A
ola tAAR HolHE FHE F Jdon, oA FHA HelH FH2 A 2d"E
ot FF 71%7F W wo AeEIxu Aol ogA wEts] A tig Aue
LE nEd & 4 Aok B HAlddAME HtENE S4B EY] MEE RYEE s17] 93t
o T 1244& AR dAWstel did RUHAE S Ar|Hor APstua ok 1 deo
2 2 AFdME 2895 AFE EdS ddor BT TEE BAEAT

2. Qg 9 9w

7]‘. EQf /\]Ejﬁ‘ir]
EFNEE HEVE AVIEUEHZE A DRAYS

2015/16'3 8] &= SHAZIZEEd AFASAT. A A AA

o2 (Fig. 9) 2014/153 3%
3%

< AA3Y EFE (0-3cm)ES
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% 7270 ARSI AHE ESE gDNA 13 E fsiA oF 03g & 100% EtOH 0.6 mlES
}f& T -80°CollA B3t

i
= KEIIM?IEZI 4

Figure 34. Monitoring points for studying soil
ecosystem change

U}, gDNAZZ 2 A 29 165 rRNAZE

gDNAE LABANZ EYAIEY 03g= MP bio Fast DNA® SPIN KIT (MP Biomedicals.,
United States)E ©]-&3t EY Ul A8t gDNAS =33tk A R4 553 gDNAE
1% agarose gelolA A719&e T3] FAdeAdnt. Ao 84 SF2 165 rRNA primer
27F-519RE At&3ste] SE3tth PCR 27 DNA templated] TransGen Biotech EasyTaq
DNA polymerase (5 units), 10 x Easy 7ag buffer (MgCl, 25 mM 323}, dNTP mixture (7 2.5
mM), dH20, 18|31 primer barcode 27F-5191RE X 7}slte] F3FE 25u07F HA 31 th PCR
WS-8 94TCo|A 58%F %7] denaturation &, 94CoA 1E%t denaturation, 50 ColA] 1&E3t

annealing, 72C ol A 15 30% 43 extension®F-5-3} %3 o). o] H
denaturation-armealing-extension Hh3-& % 253 WHESA T PCR A%+ 1% agarose geloll A
A7IFEsor gl S3FE AlF9 165 rRNA E71AE2 Fo|ZAAA HHE &83)

o 971MdE £4= Tﬁgo}@l ETA e e

o Al A

o] 2AI A Wl oA Ao H7|HE2 PyroTrimmer (Oh et al, 2012)E &-8-3}
of Fdo] w2 HArIAge] WE filtering? clippings T A¥EE FrIAEL
UCHIME Z&71% (Edgar et al, 2011)%] e novo chimera detection 715 €83+ chimera
d71Mde AASAT. CLUSTOM= °l&3te Ald tdd E4& st 7% FAEE
clusteringst %1 2™, clustering® ¥ 714 <ES Hol EzTaxon-e (Kim et al., 2012) DB 7]%t
o7 FTA8e Y5t AT A EFFEE FHIA

3. 43 9 E9
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7t B Al e Adg

Zkzk 2014/159 3 2015/16' A0l 127 oAl F 7270 Al g thete] th&F A4
BAsAth 2 12490 th3k 2dzbe] e 24709 A -] I FHEAS AR, 1
ZF 21709 Ao gk THEA AHAE FAstAT. FABAEAH vENE dAZHoR
Actinobacteria?} 113% ~ 55%% $A3tA . Gamma- proteobacteria= KGL 21 (21.6%~23.4%)°l
A Chloroflexie= KGL 30 (48.9%~49%) A XAl #=A #& == 208 Hol, o] F 1F AH
Eolx oz $H3l= Ao #AEAY (Fig. 10). Actinobacteria= ©1v) =50l d&l A3
o] & &2 A Ut} (Babalola et al, 2009). 2\d7te] ¥l A¥} MAH SR Actinobacteria’t 25
Aol = 18.9%NA 46.5%, 33A H o A= 28% A 524% 2 22pd =0 F718S U
AATE KGL23, KGL24, KGL25 A ¥ S ALg A = A¥s= IA S AT
Ao ddsiyt 78 wol v KGL23, KGL249F KGL25A M & YA+ th=A| 4k,
ZE7F FAE A= Aotk Al AR A BF 2 A7)l oft Hl&9 Aol YA
FARE THEEE Hole AS FAsAn. AT AWStE B Gammaproteobacteria®l
7V B 372%00A 15%%2 A AN, Actinobacterie Y 20.7% N A 39.3% 2 Z7Hg
HAT FRE IFe FHI|F FEIGF LHS AV e AoE LEA Ut
ZE7} @23 KGL23, KGL249F KGL25A1 A 9] w43 A3 dwst 235 HkS o,

B9 R NG SEBG ) DB BE Aoz Amad
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Figure 35. Soil bacterial community changes for two years.
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A7 A vlERE FH B IAMT thd dF

8¢k TAFE AT YRS WNEFEL NROE S BAYEBSA Mol WLHUA

SeE BAe EASL Qe Ao AT =¥ 1AT] A2 7153 vhASH probed]

AR ghwuol 48 TAFE 5 WPl olEe Nze BRzol o A7HD Ut A

A SAAAANA ] TAF ThE ol ol REHTH B ATNAE dF wpER

= Ege] TAFY E2HQ ATPW e MR F DA FUT Ty BAel o
5

rﬂR
r-\u:
>
O-E
L
o

75}04 ATstde. EFA7IA sto] g2 mlEREE 1257 EGA R ZAE
Z 285,279 readsE AU, 7% FAEE 7L =2 1

T A Thaumarchaeota®l GrouplbZt 99.99% ol FHsle A2 Uetyth E¢9 Zo]
A 0~3cm, 3HFE 3~10cm)oll WME T3 2ol §lo o}
X Nitrososphaera’t PFERFE EYRAA| ] 23t ZAo= Uiyt old AT
EoF A NA Aol A4 w83 Ha e 2 AR 6 s8] 7)o
g F Ao, 5 SAAEHAANAY AT A T AT Fa% AR=
42 Zoz AR dn

i

—~

e I 52

1. A&
IAEE AT, s, 19 HAE, 3 HAE a2 BEY S &
SFaL ATk (Bates ef al, 2011). < A= @714 LQTEe 7120 = A=A 7| H o
etHA 2 7153 v probed| 7HE kROl A4St OF F Y& L
7o AEE EFTo] AFEH AT (Walker et al, 2010). sHAIRE o} 7FA] S AY €l of A]
Aol thdk olsl= ®ol F=FstH, Aol o] Fox A5 FdAH t

S AFAIYo] Bo] AghE o] St

AF7HA] EE R EY aAMFe AP ZHA - IFL Genarchacota® 43 152 E
Fo] Aslztge Fad TS st AR AHA AUtk (Auguet ef al, 2009). FHT ATl A
= W g AN aAFe FHol pH, IE e 7] F 9 A mEt dFe e A
o

2 e

2 dAFoAE HtERE B
primer set’®} PCR Z71-& Hlu
BEAFAE APt uAM T A 9

2. Alg 9 vy

7h AFA g E e} gDNA F

EFNEE AlF71A —rtﬂ HEERES O A AFE (0-3cm)9} 3F%F (3-10ecm)E T3t F
1257) B¢f< AHsA, AF F 8ARE ool A& W EAsts gDNAILE 2 #3ke] 100%
Ethanol& #7}3 ¥ -80°CollAl E#sIATE gDNAE AAAZ EYAIES 03g= MP bio
Fast DNA® SPIN KIT (MP Biomedicals., United States)& ©]-&3t E¢ W EA3t= gDNA
£ FE3AT AlRoA FE3F gDNAE 1% agarose geloll Al A7 855 F3dt] &<l

v Al g £4S 93 primer set A AR AT
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aAlTe] FRAAe] G829 SF WRS 3] fste], 18719 EGAEE WdeE F
7HA o g &5kt 1) Universal primer set (barcode 787F-1391R)< Al-&-3te] <134}
Erys 4 H AdA¥ste #RAFEE 4%k W 2) Nested PCR
=2 s WA FF 3 F, o] templateE
3 primer set® & 500bpE FEste WH. AT RS 1A
3}7] 213 primer A R= Table 33 T}

1) Universal primer set A8~ DNA templateo] Takara EX 7ag DNA polymerase (2.5
units), 10 x buffer MgClL, 25mM), dANTP mixture (2% 25mM), 123l primer barcode
787F-1391RE  A7Fsted FEF& 25u7F HAl Skith PCR WHe2 94TelA 583 27]
denaturation §, 94CollA] 1%t denaturation, 55Col A 1%t annealing, 72T oA 1& 30x

o
=
-
L

ol
-

primer set < 1400bp=

7t extension®H-g-3F A th. ©] 2§ denaturation-annealing- extension BH-§-& F 253] HHE-3}S T}

2) Nested PCR %Y (A2Fb-U1406R, barcode AR21F-barcode A518R): 13} BF-§--2&
DNA template©l] Takara EX 7ag DNA polymerase (2.5 units), 10 x buffer (MgClL, 25 mM X
3, dNTP mixture (ZF 2.5 mM), 18] primer A2Fb-U1406RS FH7}ste] F3-& 25ul7F A
3T PCR W& HAToA 587F 7] denaturation ¥, 94T oA 183t denaturation, 55T
oA 18Xt annealing, 72TColA 1% 30% X}  extension¥33tAtt. o]
denaturation-annealing-extension ¥H-8-< PCR biasE <=°]7] 93t F 153 HbESIATE 23
HH-E-2 12+9] GA4HE 5~10ng< template 2 A8-3Fe] Alfx-& FYU3HA 3lod, primer set
&  TAlF 5olH<Q  barcode  AR21F-barcode  A518RE  ARESIATERES =L
denaturation-annealing-extension ¥F&& & 253] WHE3F3I T PCR ZAH+= 1% agarose geloll A
A71Feor Felstsitt. F 7HA WReR SHH IAHTF 165 rRNA #34 A7
Fo] ZAFA EA S Fdste] HAo WS HUE s

Table 7. Primers information for analysis of archaeal community

Zctolk e 2F[2 gIIME

uni787F M= ATTAGATACCCNGGTAG
1391R M= ACGGGCGGTGWGTRC
A2Fb LAl TTCCGGTTGATCCTGCCGGA
U1406R LAl GACGGGCGGTGTGTRCA
Arch21F DA TTCYGGTTGATCCYGCCRGA
Arch518R LAl GGTDTTACCGCGGCKGCTG

ot A9 165 rRNA 2 2 A7]AE &4

APdAT Rladd Ay, Nested PCR primer set (A2Fb-U1406R, barcode
AR21F-barcode A518R)HH o] F= EY Al b A+l o &3 A= A4 HI
o ey G ESAE 125700 th3le] Nested PCR primer setdH o2 dAlF FIFZE
438k

A
ax

2t aAle oA

A
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o] 2AI A ol oA dojzl A7 A E2 PyroTrimmer (Oh et al, 2012)E &-8-3}
of FHol w2 @rIAgel W filtering? clippingS FHSAT AEE IVIAAEL
UCHIME =273 (Edgar et al., 2011)%] de novo chimera detection 7]5& 283+ chimera
F7IMEE AASAT. CLUSTOM= °]&3t Al gy &4 9sted 7% FAE=
clusteringst 1 2™, clustering® ™3x F71AEES %ol EzTaxon-e (Kim et al, 2012) DB 7|%k

o2 FAL T ATH EFAEE SR

3. 43 4 E9

o, d71MESFd=S d=d Wi olEwol Boh wEA E&HQd IAT £
A

1l

=

nith A -&-3k= primer set AAE A|ERiTE Adold g HRIT
Z 187 A= thated 27FA] barcode-primers ©] 83t & A7|AE &4 A=, v
7Hed GAAEEAAE dS 1070 ARl st TS AASA T (Fig. 36, Table 8).
MY E2] A7IME FZE EZlSE 3= Universal primer set (barcode 787F-1390R)-2 ¥ 5
A7IM D] 965%E TR ASHA L, TAHS 35%7HS A AT AEd 1A
TXE B%S W Furyarchacota’t 04%, YA 99.6%7t  Thaumarchaeota= VFEFRETE
Nested PCR®| 7%= Aldel AEHZ sFAAT, L HlE&o] 1% PRt 2 wf-¢ 23ty A

=9 uAMFY RS Euryarchaeota’t 0.01%, Y™ A 99.99% 7} Thaumarchacota= 1 EFETH.

o El

Lo

Universal 787F-1391R " Archaea (A2Fb-U1406R)
3%
B Euryarchasota M Euryarchaeots
B Thaumarchaecta B Thaumarchaecta
unclassified unclassified
M Bacteria M Bacteria
B Eukarya H Eukarya
B unknown H unknown

Figure 36. Comparison of nucleotide sequence analysis between two
primers 787F-1931R and A2Fb-U1406R
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Table 8. Total read numbers of NGS results using Prokaryote universal primer
and Archara specific primer

Domain Phylum T A UTA06R)

Euryarchaeota 6 10

Archaea Thaumarchaeota 1385 17171
unclassified 0 3

Bacteria 38680 177
Eukarya 10 836
unknown 7 237

Total 40088 18393

A T A A, LT A BANAY F A HIHEE AFESAS Wl Ao
A2 Aol7t B2 AS ISttt A= A/ DAY HiEH] BlES ff:”’ﬂ
Bz & 759 Universal primer set®] Ar8-o] vlgAlsi, FtHd o2 31479 H|Eo]
- AA AESHJL, B dFoAe AT FHFERTLS FA487] HAFOlEE  nested
PCR HTHol o A zoa A=A oyl nested PCRO| 7%~ PCR bias7} A E 7}

Sl HHACE FOHERE cycled FE E°l& T biasE HASSE ¥o] Fosirh
L HEEREE 347 2 B g B4
G vERE 1257) EGA Sl thste] I 5©| primer A2Fb-U1406RE 12} 533

¥, AR2IF-A519RZ nested PCR 3= Attt NGS @71Md 2443, &= vlEmts

EARAANE M Thaunmarchaeota®l Grouplb7} 99.99% °]7d $H3te AS=E Yebgth

(Fig. 37). Thaumarchaeota (= Thaumarchaea)<= 2008'd°l AEFA A|tE 1A F2] phylumo 2

A7k A G X Thaumarchaeota®l &-& Nitrosopumilus maritimus, Nitrosasphaera viennisis %

Nitrosasphaera gargensis® ©] &2 E5F @REUYol 48l 7|ofstar, AejA oA di& =33 &
& oo 22 AAFSE s a3 Jde I LA Slth

Read No.

T

unclassifiad
Halobacteria
Methanobacteria
Methanomicrobia
Thermoplasm ata
Groupla_c
Grouplb_c

Crenarcheeota Euryarchaeota Thaumarchzeota

Figure 37. Archaeal diversity results in soil of the
Antarctic barton peninsula
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unclassified
Nitrososphaera
B AI627422 g
B FI790592 g

B Nitrosopumilus

100% g
80% -
60% |
0%
20%
0%
5 & o
-_\-C. ;

B o EF069387 ¢

B EF690592 g

B Methanoperedens

Figure 38. Archaea community structure at the genus level

HENE EgoAE AEAe] A @40 &3 ZIYFE FE  Thaumarchacota®)
Grouplb7} &A8ta A& FASAT (Fig. 37, 38). AF7HA &z wA#F] ATe A
373 ol X Thaumarchaeota®l Grouplbol Tigh A7} tiF-Eolth. =9

A e 1A TP A o, obFA Wol ATHA X Thaumarchaeotas E7
gl 2 ou7h Aok F7HARl AFE Fote] FS B das gaedd g aATe

Age WA AFE H4H A WM B S Ao FAT w9, FHacne] Juw
A BNe FF FRY A9, AT PH TRE ARRE Fo9 B4ade] R & 4
[©)

= 959 A=A vENE FH BEYAIRANA AT BT SHE
e FHSAT. 959 EGS Aol Hste] Aoz uAlde] AAFe] A7 wEd,
AR AT AT WS AU AlENE BEGY aAlTS AEACNA da =8
o 8 2 AEASH £8d T3 AT s ATl 9%°d o= YET
TAS S wA Fou, AEAdA ®4, AiEede FR3 IS S

Thaumarchaeota®) W&o w$- 3k 0w, ol HIEWRE S ENANN S Thaumarchaeota®)
Bsta 750l w9 oY Zo= oifdn
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A 8 A, AeiA FEes B AEEE V1F 4% (288 E)

1. A&

=9 g ARFFE 2005190 Petz 9] = WEW H4 161F0] 7IFHIAL
Wilbert?} Song w<+7}
o osf 61Fc] Bl
I opdF oA AR

ATk Signy HWE ¢ UEA B HRF AT Ao AT 2

Fol 51302 7by BUR ¥ wE

Al Uehda ols} e o
A e AL BAT 4 AT WA dRER 2UE
el 713HsE dSo F71Ae Amst d Aol

2. Als 2 3

7h AN

ARFS EY dAd 2o FU7E AstAY A3 dok AR Al eF 30X30em 7S]
EFS AFAL o717t Ae A ®H E o7N QRS & ol71E BT AR

oF 500goll Al 7Hsstd 1kg o= AFH3IATh

95 2 A5 AR 1] At Bol SRS QoA ALYl Hop AP BANA g
H

m
o2
>
kn
fo
ol
o
s

oissner (2002a, b)2] non-flooded Wl WH-E
oA 7= W2 T OdAde Fdsdn. 25 dlF AR A+
= B3 52 dgol g v Al ERlstal AL

o
ko
u
o
o
b
1= :‘ﬂ.]
lo
K

"
rlo
[

E ZE}FZ (Protargol) Aol 2%k &elol= ®mEo] Jpg HE
H AGA e FF7F7F 24 Foissner®] A methodE ol & &9 A9
Bt (Foissner 1991).

a. 117: Bouin’s solution (Sigma, HT10132)< ©]&3te AEFES 1.1 HIE&E 114 Ao A
S8 A7 B8 & A% AR 50mlel Lugol solution (Sigma, 32922) 1mlZ 174, %
< Glutaraldehyde solution (Sigma, G7526)% & 4% % 1783t WA BEgt

o}

L RES ol gete] HEF S fEl &ehol=o] FEAT

ZJ-"

1=}
T
c. B &EL o8y sgol=d e RS 25 AT
d. 39 potassium permanganate (Junsei, 24165)¢} Oxalic acid (Sigma, O0376)& ©] &3} 4

Ese #Uage 38 I
: Protargol &S AEFF IAFAIITH. (60004 154)
hydroquinone developer (Foissner, 1991)& ©| &3l HAESFE
Permount (Fisher Scientific, 147604) &4-& o] &3t A& W83t

= i

o

@@ ™ 0
@ Mo
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3. 25

7k AE
1) 3+

P WA

= 247e &9 2 UF 7Y A7 AR =4

Table 9. Diversity of ciliates on Barton Peninsula

fluviatilis

’\iﬂd%rr")tl?f?clgggﬁl Molecular identification S'T)'/Ian Site Date GPS
Strombidiidaesp. Omegastrombidiumelegans 95.60% Y3 MB7|X| F=H L 2010.01.21 62°13'59.05"S, 58°46'55.28"W
Holostichadiademata Holostichadiademata 99.00% | Y= MSB7|X| F=H ¥ 2010.01.30 62°13'19.52"S, 58°47'12.80"W
Diophrysoligothrix Diophrysoligothrix 99.40% 2 NEB7|X| F=H S|Y 2010.01.21
Euplotessp.1 Euplotessp. 95.90% 2 NS7|X| F=H S|Y 2010.01.21
Euplotesantarcticus Euplotesminuta 99.50% 2 NS7|X| FH S|Y 2011.01.17 62°14'19.00"S, 58°45'59.00"W
Aspidiscasp. Aspidiscaaculeata 94.00% Y3 MB7|X| F=H i 2011.01.26 62°12'59.00"S, 58°57'52.00"W
Euplotessp.2 Euplotesfocardii 99.90% H3 MB7|X| F=H i 2011.01.19 62°14'19.00"S, 58°45'59.00"W
Metaurostylopsisantarctica Tigmokeronopsisstoecki 96.50% 2 NS7|X| FH S|Y 2011.01.15 62°13'53.00"S, 58°42'38.00"W
Diophrysoligothrix Diophrysoligothrix 99.40% Y3 MB7|X| F=H ok 2011.01.27 62°14'19.00"S, 58°45'59.00"W
Sterkiellathomsoni Sterkiellahistriomuscorum 98.30% w3 MSB7|X| FH e 2011.01.12 62°13'09.00"S, 58°47'21.00"W
Gonostomumsp. Gonostomumstrenuum 98.60% | Y= MB7|X| =& E 2010.12.24
Oxytrichasetigera Oxytrichalongigranulosa 98.80% 23 MBIX = EY 2010.12.24
Spathidiumsp. Spathidiumsp. 97.70% | 23 MZBI|X| FH EY 2010.12.24
Neokeronopsisasiatica Cyrtohymenacitrina 99.70% S NES7|X| FH S 2012.01.16 62°14'19.09"S, 58°45'28.54"W
Metabakuellasp. Urostylagrandis 99.50% S22 NES7|X| FH S 2012.01.16 62°14'19.09"S, 58°45'28.54"W
Diophrysoligothrix Diophrys oligothrix 99.50% 233 MB7IX| =& 7|¢= PFU 2012.01.25 62°13'26.40"S, 58°47'43.92"W
Diophrysscutum 3 Z=7tf tide pool 2012.01.22
Diophryssp. == x=7ZHj tide pool 2012.01.22
Uronychiasetigera Uronychiabinucleata 99.80% | 3 MB7IX| =¥ 7|z PFU 2012.01.25 62°13'26.40"S, 58°47'43.92"W
Urony chiasp. Uronychiabinucleata 99.60% | Y= el 22 i 2012.01.19 62°14'27.16"S, 58°45'03.78"W
Pleuronemasp. HS$32 NEBI|X| FH 7|4£% PFU 2012.01.25 62°13'26.40"S, 58°47'43.92"W
Sterkiellathomsoni Parasteckiellathomsoni 99.00% 332 NESI|X| FH ME= PFU 2012.01.25 62°13'26.20"S, 58°47'21.09"W
Amphileptussp. 3 "HAOLE Q@ 7ty 2013.01.08
Strombidiidaesp. Omegastrombidiumelegans 95.60% S MESI|X| FH Y 2010.01.21 62°13'59.05"S, 58°46'55.28"W
Diophrys sp. 2 A0S X QR 7Y 2013.01.08
Diophrysscutum = "WROoLE ZF7H 2013.01.14
Holosticha sp. 43 m-sjEOLS =7H) 2013.01.09
Lacrymaria sp. =2 "Wa-s|720rS =7 2013.01.14
Metaurostylopsis rubra U "W EOFS RZto) 2013.01.16
Orthodonella sp. G2 S|EOFS-ZE AR ZZHCY 2013.01.25
Uronychia sp. Y3 sjEDORS EZtCl 2013.01.23
Euplotes sp. Y= S|EDOFS-ZE AR ZZHCY 2013.01.30
Urosomoida sp. S=2 s HOE B 2013.02.05
Anteholostichasp. Anteholostichamarimonilata 97.33% 3 st SEXY EQF 2014.01.03 62°13'47.92"S, 58°42'39.65"W
Anteholostichasp.1 Anteholostichamonilata 95.50% S nef 22 EY 2013.01.10 62°14'28.56"S, 58°44'52.88"W
Anteholostichasp.2 A oS ticha 97% | o3 majw 22 EY 20130110 | 62°14'28.56"S, 58°44'52.88"W
Anteholostichasp.2 oo o s tiehal 7000 | 43 wot 3EXY Y 20131229 | 62°13'489'S, 58°42'39.6'W
Anteholostichasp.2 A adomostiehal g | B3 YgIIX 270k 558 20140114 | 62°13'28'S, 58°47'34"W
Halteriasp. Halteria grandinella 98.92% = Do 22 QY 2013.01.10 62°14'28.56"S, 58°44'52.88"W

Onychodromopsis flexilis 98.50% = nof 22 QY 2013.01.10 62°14'28.56"S, 58°44'52.88"W
Gonostomumsp. Gonostomum strenuum 98.80% HSH3 NEI|X| FH EQ 2013.01.09 62°13'24.01"S, 58°47'14.72"W
Oxytrichasp. Oxytricha granulifera 98.81% | &= WO oA 28 EY 2014.01.16 62°14'17.5"S, 58°45'53.4"W
Bergeriella ovata 99.14% | ST FHZ= =M BME 20140119 | 62°14'109"S, 58°43'03.9'W
Neokeronopsisasiatica Cyrtohymena citrina 98.76% S$3 S|EORE F A B 2014.01.10 62°14'19.43"S, 58°45'30.00"W
Oxytrichaalfredi Onychodromopsis flexilis 98.52% 3 SjEORE F A B 2014.01.10 62°14'19.43"S, 58°45'30.00"W
Orthamphisiella breviseries 97.38% 33 gt 2E|X|Y EQY 2014.01.15 62°13'48.5"S, 58°42'37.7"W
Arcuospathidiumsp. Arcuospathidium cultriforme 97.89% 3 st SEXY EQF 2013.12.29 62°13'49.0"S, 58°42'38.6"W
Diophrysoligothrix Diophrysoligothrix 99.71% =3 E@0orE =7 sf 2013.12.17 62°14'13.74"S, 58°46'34.51"W
Metaurostylopsisantarctica Metaurostylopsis antarctica 100% = "HAOE =7t sig 2013.12.17 62°14'13.74"S, 58°46'3451"W
Notohymenasp. Uroleptus gallina 98.97% 3 N2l 22 EQ 2013.01.10 62°14'28.56"S, 58°44'52.88"W
Oxitrichalonga Oxytricha longa 98.00% E’%%ﬂj‘g@l?ﬁ%ﬁs"“ﬂ” 20140116 | 62°13'53.1"S, 58°42'54.8"W
Keronopsisn.sp. Orthamphisiellabreviseries 98.74% U432 sjEOLS FIE A EF- CHE 2014.01.15 62°14'01.1"S, 58°44'42.5"W
Oxitrichasp. Uroleptus gallina 99.54% I ZEH I EkelSX| Q&KX 07| 2014.01.15 62°13'44.4"S, 58°42'304"W
Bistichellasp. Bistichellasp. 99.66% HYIZHIEINSMEDEX 2014.01.19 62°14'10.9"S, 58°43'03.9"W
Spathidiumsp. Spathidiumfoissneri 97.49% HYIZHIEINSMEDEX] 2014.01.19 62°14'10.9"S, 58°43'03.9"W
Sathrophilussp. Sathrophilus holtae 93.22% YIZHIEINSMEDEX] 2014.01.19 62°14'10.9"S, 58°43'03.9"W
Semisoathidi SN, w | 2 SEO0S 9 & £2ea 1472347 58°44'39.08"
emispathidiumsp. Semispathidium sp. 94.75% =0 2014.01.09 62°14'23.47"S, 58°44'39.08"W
Sterkiellasp. Kahliella sp. 9925% | =3 3”1”*%%@ Y BB | 20140109 | 62°14'2347"S, 58°44'39.08"W
Anteholostichasp. Anteholosticha monilata 94.70% S ZEHIAE AR O] Ssite 2014.01.19 62°14'16.9"S, 58°43'46.3"W
Halteriasp. Halteria grandinella 99.01% YA EE T E 2K AX| O] M Ssite 2014.01.19 62°14'16.9"S, 58°43'46.3"W
Vorti i i 9 =33 siuOrE 9 & sE2S 014! " oan "
orticellasp. Vorticella microstoma 98.81% =0t 2014.01.09 62°14'23.47"S, 58°44'39.08"W
Pseudochilodonopsissp. Pseudochilodonopsis 9862% | W32 SIEOIS ST A £X CHE | 20140115 | 62°14'011"S, 58°44'42.5"W
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2010928 201697 dFe] F2AMT DA HERFFES 2AHAL 2AHGL
South Shetland Island A =& ?}?} 118AH o2 AMAXHEZ = @4 549, sl 1049, &
oF 1034%-¢ EASHATE 201095 E) 20169 Ato] 2AHE HEFF 28 Eol bk

vE TS FA5uA xlﬁ% 142 g8l F7) g AP Qe wyTh AEFo|d

AR °l%ﬂ‘: Aes Tt

ml

Table 10. Distribution patterns of ciliates in monitoring sites

e == | as
shet 1;5 WE | A | A | 55 ;ij EH;; A%

1 Anteholosticha sp. O O O O
2 Fuscheria—like  sp. O O
3 Colpoda sp. O O O O
4 | Gonostomum affine O
5 Gonostomum cf.  strenuum O O O O
6 Halteria grandinella @) O O O O O
7 Hemiurosomoida longa O O
8 Keronopsis sp. 1 O O O O
9 Keronopsis sp. 2 @) O
10 | Lamtostyloides edaponi O O
11 | Leptopharynx sp. O O O O O
12 | Nassula aurea O
13 | Oxytricha cf. balladyna O
14 | Paraholosticha muscicola O O O
15 | Parasterkiella thompsoni O
16 | Peritrich sp. 1 O
17 | Peritrich sp. 2 O
18 | Peritrich sp. 3 O
19 | Pleuroplitoides smithi O
20 | Pseudochilodonopsis sp. O O
21 | Scuticociliate sp. O O
22 | Urosomoida sejongensis O
23 | Litonotidae O O

S 1 1 2 3 7 13 13 12 1

HEYUEE ACIE 10 AYS AAste] ARFe] BX 245 At 10 A F 9 A

Ao A HAEZFo] FA =A™ Anteholosticha sp., Colpoda sp., Fuscherialike sp., Gonostomum
cf. strenuum, Halteria grandinella, Kerongpsis sp. 1, Keronopsis sp. 2, Lamtostyloides edaponi,
Leptopharynx  sp., Paraholosticha muscicola, Pseudochilodonopsis sp., Scuticociliate sp.,
Litonotidae ] 13F°] 249 o]olA EdH AL st HHE HAERF T 5 Copoda
P& B MY A A oIF ¥R, LES 24 1% AY A 17U 130 2, AL A

A3, T2 M2ete Fol HlE] FHER WolEErt 1 Lxo] WA AL e
Y. Gostarum afine®) A% FAFEEANA 7, 2G| Il N, 3
g Zeoldlu2g EYAE TSI Berger (2011)0] MEH d T2 A AAHS=E
et S oA &3k cosmopolitan species® KL O] Ut} Paraholosticha muscicola
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E RUHP AolEg xdste @3 ntENES] Wa FHALNARE 55 2A EYAA
W3Sl AT Halteria grandinella®l 73-F- 9712] EUEI® AolE F 6ol A WA FHo] A&
Aol ZALE E3)] HIEHNIE Ao AAtE A Fd & mxFToE AAT o Aot}
(@) FHFTE X DB 7= ¥ A7 BUHP S A AxFT AA

FUHZG AFE B3l 9 AClEY HlF ARAA HAEEZF JH TAHES FIdstA F
23F9 AEF PSS 1A g As5= 3 NGS A4S 53 v 2dAA yeE
Uz @2 Ax%F B HolH X Y9 vHlERNEe HAEZF Y8 ST AsE AMEE
At

Figure 39. Distribution patterns of ciliates in monitoring sites

3 A3 F 4XFY RYUEE AlEdA WHE SAXE FRF Anteholosticha sp. 5 S+
717 G2 B W 2% W WY T 3k 8=t 2x=Wst WY ol 20 % £
AdA Al BAF AFE JAYsHATh I A 205 25 7oA 8%l Hl&| A7} 54|
(eF 30070 A) S7Fete Ae &8k

2ZR20 S 20l IHE 43S lu

s Anteholosticha sp.
400
350
300
250
200
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50 LA
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1 3 5 7 911131517 192123252729 313335
712t

—20 —8&%

Figure 40. Growth rates of Anfeholosticha
sp. depending on temperature
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Al 9 A ZE4RE A WSHFE RG] AN An) 7] (Kelp

gull, Larus dominicanus) WHA! 7|&

—_

jus]

e ol T oz of

89F 1989 RE 2016 @7FA 2] AT} 2012 FE 20163714 & WA 2A A EE B}
o2 ZHAT AT A9 Watey FH =F HAS ARG 89S vas)
A3 19893 E Ak WapAA o] HZo R o] F3tHA K27t f&e] =yt 201219 F
2016\ 37k WA Al Fek wid 20-30%40] AL 7] (Kelp gull, Larus dominicanus)
] & F¢eE o, of Ade] WatFH met =

d SAE SR AL A MEL AXAE AEF ASE AT

1. AE
Gt HS WEtEEIE P wEA dojus A F sutk(Cook et al., 2005).
FSRtEe] HEd X FHAERNETESY HXAAHAAE 7S] w2l Wbyt mof
el Aol ®ste 2ol #EHI A (Rickamp et al., 2011). ©o]&g F= d52o W=
ol Al FESA & IFS WY FAAAF Zo] el YA TS HolHdAa
oF MR ZFAE Qs AEC AFES Wi Ak (Croxall 2004). ¥HH L5 Wstol| wIZHeHA|
B TS YaksEH Wt 2358 AMER HAAE e F e 7ol Uk
G2 2w 7] (Kelp gull, Larus dominicanus)= ‘¢ FHlEWETE HZAHAA HA
st oA =2/ heE stuE, Syt FRolA AtzkxIl (Antarctic  limpet,  Nacella
concinna) e T8 Ho|YCE FTh(Favero et al, 1997). Wt I Aw 719 FA= S5t
ZM7F FFE eyt 9 viER oA 2 EAATHQuintana and Travaini 2000).
W35 ol drEA 7] o] Mo AAS AHEY] s, Ad 20129 FH FAZLE
HA7 S AT, APATENA AxALAN Adstes SRS AZ 7S Mo of
BT 2AE ol FHHANE, Wk ETE Mol mA = Sl Gl tig st WA 3l

(£ O 30 o o

=
Bl
THSand et al., 2006; Branco et al., 2009). @etA £ AFoAs AZARRIAEE ISR
st E| A A o] WG AN HEtgdS 1989 dF-H 2016\ 7kA B skl FrEAdu) 7] 9
2o #EAdE TSR

FINES] B ASAASAETE F2AHe) BENE 52 ZHAU AP A
oA AF7F A EYTH62°13 35-557S, 58 °42 157- 43’ W). YA BE 1989 3HE 201637}
A G5 sHACl gt 124 FE 229 7IZF FF WEEAbC] Hole ARRIE o] &3t

o, F 842 HARI] AL A TH(Fig. 1; 28 Jan 1989 from Landsat-4 TM, USGS; 31 Dec
1999 and 26 Mar 2005 from Google Earth; 6 Dec 2006 from Quickbird-2, DigitalGlobe; 21
Mar 2011, 21 Feb 2013 from Google Earth, and 3 Feb 2015 and 18 Jan 2016 from
KOMPSAT-3 (Korea Multi-Purpose Satellite-3). 4 AFzl& 1:5000 HAEA| ol we} H 7G5
AHKim et al.,, 2013).
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26 Mar 2005 Google Earth

31 Dec 1999 Landsat-4 TM

21 Mar 2011 Google Earth 21 Feb 2013 Google Earth 21 Feb 2015 Google Earth 18 Jan 2016 KOMPSAT-3

Figure 42. Eight satellite images which were selected to determine glacier
boundaries on King George Island, Antarctica (62°13'35-55"S, 58°42°15"-43°00
“W) from 1989 to 2016. The spatial resolutions were 30 m (Landsat-4 TM in
1989), less than 30 m (Google Earth image in 1999), less than 4 m (Google
Earth images in 2005, 2011, 2013), 2.4 m (Quickbird-2 in 2006) and 2.8 m
(KOMPSAT-3 in 2015 and 2016).

3. 43 9 E9

7t WA el sk} dEA A ] FA 914
1989 F-E] 2016\d7FA] 18 RS &4 il AL

3, °F 27'd E<F Wik 200-300 WIE Tt HEF WFo R FESIYT WEtEE el AR

FA7F syt on, §X9 ke AA L *MU# 237 A8 EH

719 FAEL 19893 2006 Atelel Aol A BAHAG. GAZE FAH e T
A=l A= AHA A ;qoqg 19893 31} 1999Lﬂ Atolell = A HolH, FF sitrled X
gt A2A] B A Y99 TAES 1989 20061 Abo]o =2t 2 Y o] th(Fig. 43).
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== TS E o, Wste FEol| wet Aj2o] ke
& 7 Aot e 4050 AEIRE £o]o] 44 ol A7 F= A H
EEEHUA SEAL 7oA wh

58°43'0"W 58°42'45"W 58742'30"W 58°42'15"W o

172} A

|| ® Kelp Gull (2013~2014) _ ]

“=1|® Kelp Gull (2012-2013) e (:.\\a‘:"eT ,‘r o

: N

o 2013.02.21 \'-o\-“"a k

—— 2011.03.21 :

2006.12.06 \ o

¢ 2005.03.26 7

& 1999.12.31 ‘ %

& H—— 1989.01.28 <

)
i

62°13'50"S

62°13'50"S
i

62°13'55"8

Meters

S8°43'0"W 58°42'45"W 58°4230"W 58°4215"W

Figiure 43. Changes in glacier boundaries from 1989 to 2016
determined by satellite image analyses, and records of kelp gull
nest distributions in two habitats (“Habitat A" in blue dotted line
and “Habitat B” in red dotted line) during four breeding seasons
(2012-2013, 2013-2014, 2014-2015 and 2015-2016) in the eastern
coast of the Barton Peninsula, King George Island, South
Shetlands, Antarctica (62°13'35-55"S, 58°42°'15"-43'00"W). Grey
solid line indicates the coastline from the digital topographic map
(1:5000) in 2011 and black solid line indicates the newly exposed
ice—free area since 1989 (Lee et al., 2017).

3+
Hol meh o] A9 2 " E4(Moraine)©]
NEs Ao 2 Y7t th(Fig. 46).
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Figure 44. A nest of kelp gull breeding pairs (where a yellow
GPS machine is located on) near the moraines which are

exposed by glacier retreat

Figure 45. Antarctic limpets (Nacella concinna) are eaten by kelp

gulls

. G EA A 7)o WM V&

1989 ©]% 2016 A7FA] thEF 96,000 A FZZwEH 2 SA|7} AR =&FHAT 18
20129 12€-20133 1€ A A23S AuEd 30719 SAES AZo=E, 2013-2014 Al &<l
3271, 2014-2015 Al&<l 347), 20152016 A& 21702] FTA|7F RAZ AT A 22 A9} 4247
Bell A o] HA FA5(No. of nests), &5 171 o] ¥ FAFNo. of nests with eggs), Al
A8 A F(No. of reused nests)®] HEE ofgfel ZTH(Table 11). 2012-2013 A|ESH-E
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2015-2016 Al&7FA 2AHE ej4bE(Clutch  size), A9 WX(Density, No of total
nests/km?), A2 A] ™32 (Area, m?)> ol Ee} ZTH(Table 12).

Table 11. Number of total nests, number of nests with eggs and number of
reused nests from previous years for four breeding seasons from 2012-2013 to
20152016 (Lee et al., 2017).

. No. of nests with
Breeding No. of nests No. of reused nests
eggs
season A B A B A B
2012-20
9 21 5 11 - -
13
2013-20
10 22 10 22 4 13
14
2014-20
8 26 4 9 2 10
15
2015-20
16 7 14 7 14 2 6

Table 12. Clutch size (mean + SD), nest density, and areas in two habitats
(Habitat A and B in Fig. 1) for four breeding seasons from 2012-2013 to 2015—
2016. Density was calculated as the total number of nests divided by the newly
exposed ice—free area since 1989 (0.096 km2; see Fig. 1) (Lee et al., 2017).

) . Density Area
Breeding Clutch size 5 ,
(No. of total (m°, in Habitat A /
season (mean =+ SD) ) ,
nests/km?) Habitat B)
2012-20 2.24 = 0.66
312.5 1,687 / 8,807
13 =17
2013-20 2.47 + 0.62
333.3 3,160 / 6,251
14 (n = 32)
2014-20 1.85 + 0.55
354.2 1,333 / 9,315
15 (n = 13)
2015-20 1.95 + 0.67
218.8 3,785 [ 4,679
16 (n =21
4, 4E
2 dAFoAe E5 AxRAL HAee $EAZu 77 Wt EE s =g &
Ao A HAES AR TE AS G A8AESY oFe] HAZRAE Tl &g A
o5t AL AFo A e FE3] Wyt FESEA glow, Ted BolA EEAE 7|7 Hf
W A =52 HAS FASE e AR Bt HEt ZTEEHA =id Hos 1
BAE v R o8 2ot AdEo] A HEEAArIE Wty WH e vbE
< ZolE WEA S vtgYolE o] &3l TAE A& F 7] wiEel olgd A& d5st



+ o2 HAT(Suarez et al, 2010). FFZAlol] ot tFZY B¢ TA FHA & WE
Aol g stal AN
o] Aol WA= HEHEAEM ISl AN A=A A&sA FAdTd 2

o] WARo] 7|E5HaL Y th(Blanco et al., 2009). welA
o] Fol HItt. E3 23 Z=Zuly "Hojzl xHdd EENE

s o] A=, T XA EF FEA L
Al

Ao A g HAREo] Az WHAA

¢

_

>

A . 42
2 2 YA WEHFEEAGe] MuUHYL F Aok

A WEEHe Pow 2w vd 10 BY s BE:o Walsh AAL oA,
Foz WAFHE W §AE o Wold oz ayuh ool wel dgEAgulY B
A7t 6 gAY AAATL Bolg & e A FEHT
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A 10 A, AERF 8 A Fe Ty AT Ak

1. A &
FSAFE A7 AT $A]8) = El
7h 7153Wstel] o3 2=wEt gl Wele] 4 T FUit &4 WEE Aoyt
al., 2003). °o]H g Wsl= ST FAHAA Holrta e 57
2 &S AL AT wEpA do g frkE ¥IkE A5
XA A g gk #Ag AU Wg FostH B AT
F Wslo]| RiZsiH Aoz om o] ol EEutE A =AA4 13
o] &8} E(Deschampsia antarctica, Colobanthus quitensis)©] ¥# A A3, S3A4
2 A Y7ot AejaEol AAst dot FFolAe= oF 60059 A&7+ oF 120
o, GdSAFTHE7 A FRAE AoF 38%F 62F(Kim et al,
B4 = (Ochyra, 1998)°] BEad u} ot Z2jyt ESA1FH7| A7} 9
FHo ZoR/ 2 A= A A7 E= SAAEA Y dFEeR
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RNoEE HEE st FEUY(colony)HllA AP AL st
2o g2 3t Molecular 48 A&+ 2 ml tubeol] 100%
Ao A 27018 subsampling 2. ZHA genomic DNA F&
T 7hsd AodR® 34 MdE 7H B4 9 molecular 4 A Y F ¢
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| (7~

SN ﬁi\}?}/)ﬂ///f&\\"u .
& < ;; wﬁiﬁ/ :
; SN =

] Fildes peninsula~
>{ (around Bellingshausen
N Yozl (Rs:

Ardley Isand &

Fildes peninsula

&
7/ (around Great Wall)
Lp

Barton Peninsula. p

h EH - 35t 574

2 Ao AFEE AR/ RESLS 7€ 39 ¥FHF 54 & Fasty AU
(Stenroos, 1995; Ovstedal & Smith, 2001; Olech, 2004; Osyczka & Olech, 2005; Stenroos et al,
2016). Aol o) FEjz S sifdr 43 FdAndew AAse. By AHT ¢ Qe
TAZAAE 7] Hste AH= A7) BEH(The Finnish Museum, Luomus)¥ w574 -&
T

A 77 7HK 38 E4& 97 9138 thin-layer chromatography(TLC)E 33 3H3
TH(Culberson 1972; Orange et al. 2001). 2 ml tube®l 1 ml Acetones &WE A oA E4&
FZ3A . Atranorin? Norstictic acidE 7%l Lethariella cladonioides(Lichenized Ascomycota,
Parmeliaceae)®] chemical straine TLC control® AF8-3tA T Solvent A$t CE A 714
plate(Merck TLC silica gel 60) ‘&l %73} th(Fig. 47).

a o

Figure 47. Thin layer chromatography of the genus Cladonia spp.
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(th 24 4
@O Genomic DNA %3 PCR

Aol 1A & AZZFE Exgene soil DNA mini kit (GeneAll, Cat No. 114-150)
£ o]&3ste] F 230709 PIAE genomic DNAE FE3ATh F&3 DNAT A7195(1%
agarose gel) ¥ Las-3000 7]7]& florescence® A3t &<lst3 r:}

Z Ao F{ Mg o] AFHAE sefstr] fske] o2 FHAITS, LSU, mtSSU)¢| PCR
<+ @7 XPsAT. PrimerZ2v 247+l O barcode’t -2 primer set(ITS3-LSU657r,
mrSSU1-3)5£ Ab&SA S 2 region'ME  ITS2-LSUE  Denaturation(94°C) - Primer

(56°C) - Extension(72°C)= 25 cycles, mtSSU+ Denaturation(94°C) - Primer
Annealing(55°C) - Extension(72°C)E 5cycle 53 $ Primer Annealing(52°C) %5 W24
30 cycle ¥ ®HESGITH
@ d7IME &4

dojxl PCR product(amplicon)< sequencing 4o H83d HA FEE 185
pooling ¥ purification #A< T3} Pacbio platform(Pacbio RSII system, DNA Link)
< o] &3t er AojX sequencer jPhydite = H LAt MEGA6 software(Tamura K,
2013)&  ©|&3l  multi-locus  phylogenetic  tree®  MP(Maximum  parsimony),
NJ(Neighbor-joining), ML(Maximum likelihood) %™ &2 4t&3} T

Annealing

. dEE

AA7EA T AFAEC o FAE AxAHY AdEHE 2 FSAHAE AT
(Ochyra 1998; Ochyra et al, 2008)5 =talste] HbERb=o] ME|4E 55 AASAT. =T
Y& FAATLNIPR)O] E#F o+ vfETE] HefaE oF 20080 gk 558 g3t
AT

Aol A EE BEES AT HSIA F B g5 dteel A Aeaiar, A
H BEELS AxREOZ A FAATL AEZEIKOPRI Herbarium)ol| 273}
BR84S fAstd =9 38L& Farsk i (Choe, 1980; Noguchi, 1987, 1988, 1989,
1991, 1994; Ochyra et al, 2008) =& FE-S s|FAV A FAW A S ALt A=A 9

d, 71 A, AlZE, 2AA|, A5A B4 & B4 AR 27 S-S fst By
A 2=0t FotEn Ao wlo| A= EHE ARSI
Y 732 @rIAEe 2712 @ ASIEE B48H7] A4 oF 25041 59] genomic
DNA FZ&& 953 sequencing®] 3 Foln, & DNA &4 #st] e BES
HAol Al 100% FEthanole AlE3te] 14, 2AWS o] B3 Zo|t}

EE AE xRS FAIPEEE I (http:/ /kvh.koprire kr)oll A AT 5 Sl

3. 2 3%
7F. Ao F
1) B2 FAZARE FGHT AoF{F 55
LA ALY} A ZAE T8l MFERIEE 83T Maxwell bay FRolA &lH X9/
T 4 4 A =

A ZALE B3l F 69489 E=H xHTEr THEA
Z 4934 (72%)°l adoniaq A5 A 2]) <

5 = 2 ar =
d 3). B Blu ATE AT 55U ZAIERH 20389 AoF BE AEE 9—?—“%—0}95‘\‘3}.
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Table 13. Lichen flora list around Maxwell bay according to the literature and
field research

No. Species Kim et al” STtBilSy
Acarospora
1 Acarospora austroshetlandica(C.W Dodge)@vstedal + -
2 Acarospora macrocyclosVain. + -
3 Acarospora wahlenbergiiMagn. - +
Amandinea
4 Amandinea coniops(Wahlenb.)M.Choisy - +
Austroplaca
5 Austroplaca . . ) 3 N
cirrochrooides(Vain.)Sgchting, Frodén&Arup
Bryoria
6 Bryoria sp. + +
Buellia
7 Buellia augustaV ain. - +
8 Buellia anisomeraVain. + +
9 Buellia darbishireil.amb - +
10 Buellia grimmiaeFilson - +
11 Buellia latemarginata Darb. - +
12 Buellia russa(Hue)Darb. + +
Caloplaca
13 Caloplaca cerina(Ehrh.exHedw.)Th.Fr. - +
14 Caloplaca holocarpa(Hoffm.)Wade + -
15 Caloplaca johnstonif{ C.W.Dodge)SgchtingandOlech + -
16 Caloplaca regalis(Vain.)Zahlbr. +
17 Caloplaca sp. +
Carbonea
18  Carbonea assentiens(Nyl.)Hertel + -
19 Carbonea vorticosa(Florke)Hertel + -
Catillaria
20 Catillaria contristans(Nyl.)Zahlbr. + -
21 Catillaria corymbosa(Hue)L.M.Lamb - +
Cetraria
22 Cetraria aculeata(Schreb.)Fr. + +
Cladonia
23 Cladonia borealisS.Stenroos + +
24 Cladonia cornuta(L.)Hoffm. - +
25 Cladonia chlorophaeca(FlorkeexSommerf.)Spreng. + +
26 Cladonia fimbriata(L.)Fr. - +
27 Cladonia furcata(Huds.)Schard. + -
28 Cladonia gracilis(L.)Willd. +
29 Cladonia lepidophoraAhtiandKashiw. +
30 Cladonia novochlorophaea(Sipman)Ahti&Brodo - +
31 Cladonia pleurota(Florke)Schaer. + +
32 Cladonia pocillum(Ach.)O.] Rich. - +
33 Cladonia pyxidata(L.)Hoffm. + +
34 Cladonia sarmentosa(Hook.f.&Taylor)C.W.Dodge. - +
35 Cladonia scabriuscula(Delise)Leight. + +
36 Cladonia squamosa(Scop.)Hoffm. - +
37 Cladonia subulata(1..)F H.-Wigg. - +
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Cladonia ctweymouthiiF 'WilsonexA.W .Archer.
Cystocoleus

Cystocoleus affebeneus(Dillw.) Thwaites
Haematomma

Haematomma erythromma(Nyl.)Zahlbr.
Himantormia

Himantormia lugubris(Hue.)LM.Lamb
Huea

Huea cerussata(Hue)C.W.DodgeandG.E.Baker
Huea coralligera(Hue)C.W.DodgeandG.E.Baker
Lecania

Lecania brialmontif(Vain.)Zahlbr.
Lecania gerlachei(Vain.)Darb.
Lecanora

Lecanora epibryon(Ach.)Ach.

Lecanora parmelinoidesl.umbsch
Lecanora physciella(Darh.)Hertel
Lecanora polytropa(Hoffm.)Rabenh.
Lecidea
LecideacancriformisC.W.DodgeandG.E.Baker
Lecidealapicida(Ach.)Ach.

Lecidella

Lecidella carpathicaKorb.

Lepraria

Lepraria borealis Loht.&Tensberg
Leptogium

Leptogium puberulumHue
Massalongia

Massalongia carnosa(Dicks.)Kérb.
Megaspora

Megaspora verrucosa(Ach.)Hafellner&V .Wirth
Ochrolechia

Ochrolechia frigida(Sw.)Lynge
Ochrolechia parella(L.)A Massal.
Pannaria

Pannaria austro-orcadensisdvstedal
Pannaria hookeri (BorrerexSm.)Nyl.
Parmelia

Parmelia saxatilis(L.)Ach.
Pertusaria

Pertusaria excludensNyl.

Pertusaria signyacdvstedal

Physcia

Physcia caesia(Hoffm.)Fiirnr.

Physcia dubia(Hoffm.)Lettau
Physconia

Physconia muscigena(Ach.)Poelt
Psoroma

Psoroma hypnorum(Vahl)Gray
Psoroma tenueHenssen

Placopsis

Placopsis contortuplicatal. M.Lamb
Porpidia

_69_



70 Porpidia austroshetiandicaHertel. + +

Pseudephebe

71 Pseudephebe pubescens(L.)M.Choisy + +
Ramalina

72 Ramalina terebrataHook.f.andTaylor + +
Rhizocarpon

73  Rhizocarpon geographicum(L.)DC. + +

74 Rhizocarpon nidificurm(Hue)Darb.
Rhizoplaca

75 Rhizoplaca aspidophora(Vain.)Redén + +
Rinodina

76 Rinodina olivaceobrunneaC.W DodgeandG.E.Baker +
Sphaerophorus

77 Sphaerophorus globosus(Huds.)Vain. + +
Stereocaulon

78 Stereocaulon alpinuml.aurer + +
Tephromela

79 Tephromela atra(Huds.)HafellnerexKalb + +
Tremolecia

80 Tremolecia atrata(Ach.)Hertel + +
Turgidosculum

31 Turgidosculum
complicatulum(Nyl.) ] Kohlm.andE.Kohlm.

Umbilicaria
82 Umblilicaria antarcticaFreyandl.M.Lamb
33 Umbilicaria decussata(Vill.)Zahlbr.
Usnea
34 Usnea antarcticaDuRietz
85 Usnea aurantiacoatra(Jacq.)Bory
Verrucaria
86 Verrucaria microsporaNyl. -
7 Verrucaria dispartitaV ain. -
88 Verrucaria psychrophilaVain. -
Xanthoria
89  Xanthoria candelaria(L.)Th.Fr.
90  Xanthoria elegans(Link)Th.Fr.

1) Kim et al.(2006)

(2) Cladonia gracilis complex®] -+ 37

Cladnia%S A4 Wel 718 & gA /e £S5 Hludle o oF 25%9 TudAd<
A A2 o]l F5HF Lotk (@vstedal D.O. and Smith. R.ILL. 2001). 121 & g
Fe A ®Wol7t Z7] wiEol] WE &7 FAHol oJHTh(Stenroos et al, 2002). B ATl =
Cladonia 4; % Y°|7} 4% dadonia gracilis complexs 4o 2 E7F3Hd Q& H&3| 3)
a7} ST B complexdll &3tHA vHIEMIEANA HA AN == dadonia gracilis?t Cladonia
cornuta 1813 FE|H O 2 V2%t (Jadonia squamosas N3 S.2 FH|, 318, &4 £4& &3t
o AFHAE FAsAT
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Antarctic area

= Cladonia sp.

= Usnea sp.

= Sphaerophorus globosus
Pannariaceae

= Stereocaulaceae

= Telochistaceae

= Umbilicaria sp.

= Catraria sp.

® Ochrolechia sp.

= Placopsis sp.
= Other crustose
= ather foliose

= other fruticose

Figure 48. Lichen specimen from Antarctic area in this
study.
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P - 5 BAS 5% T 548 F multi-locus(ITS, LSU, mtSSU) phylogeny tree®} &
AtATHIE 4). AlFTE maximum parsimony treeE 7|22 E neighborjoining tree$}
maximum likelihood tree®] Z¥E Z3slH a1, EE ASFoNA FEZEZY Zho] 70 o)1l
brancholl thste] w2 Ho=E FASAT I A adonia squamesa= FEA oY G744
w4 AFM BF FAsHA e 1F5S Fdste Ae &AL & AN Y dadonia gracilis
2} (adonia cornutas £33 A3 A71A4E £4 Ayr) o2 FEAA A2 IASHA] &Sk

o}

1

A 71 EH(KOPRI Virtual Herbarium) &%
AoF HHE 1)l U F4E AFE SRR} AR, ARG A S
¥ (KOPRI Virtual Herbarium)oll 5 =3}3ith(Fig. 50). &% A H= TS &4

©)

A7 =
9 R s B2z 53 22 dd] #A4e AAH FAZEFHEKOPRI Herbarium)ol 4 T,
FSAZPEEEA wd FIF & Aol

Herbarium List

ALL Algae Lichen Moss Plant
Locality Search|w| —Select—-[v| Zia
Total: 33571
No Common taxon Genus Y A Specific Y 4 Korean Name
KOPRI-LIDD335 Lichen Cladonia Cladonia borealis SRS £
KOPRI-LI00334 Lichen Cladonia Cladonia borealis AbEEl2] =
KOPRI-LI00333 Lichen Cladaonia Ciadonia borealis AR R =
KOPRI-LID0332 Lichen Cladonia Cladonia pycnoclada AEA 2] =
KOPRI-LIDO331 Lichen Cladonia Cladonia acuminata AR 2| &=
KOPRI-LIDD330 Lichen Cladonia Cladonia furcata A2 &
KOPRI-LID0329 Lichen Cladonia Cladonia ervicornis mawsonii AFSAE] =

Figure 50. Deposit of lichens in KOPRI Virtual Herbarium

AgaTe WoAT EgAAe] tE AnEs 9 LETRE 8 AR ==
(Table 13)°l 238 FTES HHOE E5 AYF AHFATF <l = (Antarctic lichen field
guide)S A28t th(Fig. 51). A ol= A&7 Fejot 527, , AJA & 715
skl glom AejARR A FREARS A FFste] dARNAY FEEE =AdH AR/ A
oF AE AT oy} nlERIE A Ho AA A7 RUEP AT 52 38E Ao

2 7l
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Antarctic Lichen
A Field GUide\-er.z

2701 2lzdyy 7)ol

Kantharia candefaria (L) Th Fr, B, ipalar-alyis, Luacps, Micth Mrsi, A, Aika

FEsiurie &

s

Figure 51. Field guide of Antarctic lichens

A2AE Fote] WS MENEY MBS F 93 124 15%0] RESE o=

YEFSTHOchyra et al.,, 2008).

2015 dE SAATAE FEH FEAT A 20061 AFOPSS] Yo g HEERME o A]
Yamaguchi 257} |t 3|2 Avt djst FEFe] B vlEW=E AHAE &7
I BEE FAT F A}k AR &) dFY FIAE Yo tFEe mEo| &A4HA
1, Hol e FEEE TAFEOZAY A it s o] o HEoA A9}

sote] B utERIES] A= F 103 194 25F o|tH(Table 14, Fig.

W, s defAl &L 103 194
dxA ol EEx3T A2 65%FT(Ochyra et al., 2008; Ellis et
al., 2012)°] oF 48%°ll sligsta = HA| X3k 11359 oF 28%°) d|Fect o5 S 8
T2 I EFd BT EESe FF5F(Bipolar species) S E  UEWOH, YFIFF

(Antarctic endemic species)2 ‘&= 1} ©| 7| (Schistidium antarctici) 15 2.2 YEFST

,J
o
)

o
=
rit

T

T,
bt 4
Lo

>

A

Table 14. Species list of Bryophytes on Barton Peninsula based on literatures
and field survey

. D This
No. Species Ochyra
study
1) ANDREAEACEAE
1 Andreaea depressinervis Cardot -
2 Andreaea gainii Cardot -
3 Andreaea regularis Mull. Hal. + +
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2) POLYTRICHACEAE
4 Notoligotrichum trichodon (Hook. f. & Wilson) G.L. Sm. -
Polytrichastrum alpinum (Hedw.) G.L. Sm. -
6 Polytrichum juniperinum Hedw. -

3) DITRICHACEAE

o1

7 Ditrichum hyalinocuspidatum Cardot + +

8  Ditrichum hyalinum (Mitt.) Kuntze + -

9 Ceratodon purpureus (Hedw.) Brid. + +
4) DICRANACEAE

10 Chorisodontium aciphyllum (Hook. f. & Wilson) Broth. + +
5) SELIGERIACEAE

11  Hymenoloma crispulum (Hedw.) Ochyra + -

12 Hymenoloma antarcticum (Miill. Hal.) Ochyra + +
6) GRIMMIACEAE

13 Schistidium antarctici (Cardot) L. I. Savicz & Smirnova + +

14  Buddandiella sudetica (Funck) Bednarek-Ochyra & Ochyra - +

7) POTTIACEAE

15 Hennediella antarctica (Angstrom) Ochyra & Matteri - +

16 Syntrichia saxicola (Cardot) R. H. Zander +

17 Syntrichia filaris (Miill. Hal.) R.H. Zander +

18  Syntrichia magellanica (Mont.) R.H. Zander - +
8) BRYACEAE

19  Pohlia drummondii (Miill. Hal.) A. L. Andrews - +

20  Pohlia cruda (Hedw.) Lindb. +

21 Pohlia nutans (Hedw.) Lindb. +

22 Bryum pseudotriquetrum (Hedw.) P.Gaertn., BMey, & Scherb. +

23 Bryum pallescens Schleich. ex  Schwagr. - +
9) BARTRAMIACEAE

24  Bartramia patens Brid. + +
10) AMBLYSTEGIACEAE

25 Sanionia georgicouncinata (Miill. Hal.) Ochyra & Hedenis + -

26 Sanionia uncinata (Hedw.) Loeske -

27 Warnstorfia sarmentosa (Wahlenb.) Hedenas -

28 Warnstorfia fontinaliopsis (Miill. Hal.) Ochyra -
1) Ochyra (2008)

ZF ERTEY AAAE 2 F8 EAS AWsta, AEA 9, £7]%(Stem leaf) =
ZA}A| (Sporophyte) o] 3} A5 & X3S “Antarctic Moss a Field Guide" (SA4 ©]7]
)= Al=skdthFig. 53). & Aej =3 259 dEA=(F=FME, 5710
Zhe)el ARE st =3 APE AeAE oF 8307 g AFPAE, EFAE, A
A AR, AR & FATPIEE ?_(KOPRI Virtual Herbarium)®ll 553} th(Fig. 54).

reorlr

“
P
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Figure 52. Major bryophyte

Antarctic Plant:
A Field Guide

-

FIWA = prcocacwiey ( ZIAE{EA Arcncacecca:

FIZVEONB  panscoons ceeosios Cavsioe)

EE, Wed X Baca I71E W DRI eTiel
S SERES SHE M FE ANk Ry
JURHE IR AR Spn DRHS. Ay Iede VR

» B2 UMK, Soar Sz o, Soum D 8 5o G A 8
(ET R T T

B LEE TIPS

R mAhE TeE

ERNE Pt =
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FEREP T TEES
 BCE Ll

" b

mn

Figure 53. Field guide of

MOSSes

Herbarium List
ALL Algae Lichen Moss Plant

Locality SearchE] —Select—E‘ 2

No Common taxon Genus YV 4 Specific ¥ A

KOPRI-MODOS76 Moss Andreaea Andreaea regularis
KOPRI-MODDE75 Moss Andreaea Andreaea regularis
KOPRI-MODOB74 Moss Bartramia Bartramia patens
KOPRI-MOOCS73 Moss Bartramia

Bartramia patens

Figure 54. Deposit of mosses on KOPRI Virtual Herbarium
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YHKOPRI Herbarium)oll 4 §, SA7PEEEHRA vid F71 & Aotk

Figure 55. Phylogenetic relationships of Andreaca based on rps4 and trnL
seguences
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EL 71 e E o S Ao AdE, A, BAgEcHd w8 dAFE A 4 =
AF R AR YA ARATAE fIst ARtE @ b A S (Antarctic lichen/moss field
guide verl, 2)2 AFdANA F&sHA FE&HL Jdow, AHHA F7F A7 FHE FI
7102 ML AdolH.
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A1l 232 RARERY 24U P2 2 A8

1 A&

A4 FARFEEe] AYH oled = AHAAAES HE] s E= AE 3T,
Parochlus steinenii, Tigriopus kingsgongensis, Boeckella poppers B W2~ HIE, HIE HIE, 9|wqk
T, obd ey, gAaAdd, dE vntg el S st F oA oA FH st

2. A5 5y

Boeckella popper= WHERIE T4 270, W E, OAlAACdA AE FESAL
Parochlus steinenii= 4v-HolA AZL FH3IJPY. F2AAFo #AIF A4S ARLEQUIN
3.5(Excoffier and Lischer, 2010) %=+ GENEPOP 4.2.1 (Raymond and Rousset, 1995;
Rousset, 2008)= ©]&3t] FAZ9E ol FH P = (heterozygosity) & #ZZL(HO)F 3Ft-H<l
W23 FFHWE) A dSFHHE)S Atstdal 59 Alolo] 59 AR5 Adst
71 918 AW PI(ILD) AAE A

Figure 56. Sampling of P. steinenir

3. A%
Parochlus steinenii, Tigriopus kingsgongensis, Boeckella poppei A% 78 H.oll Al microsatellite
7 s gRsger A9, g 3 BYe S AT 3 AAHe 24 A

gttt B4 23 4 dAAFEC AY gle 7 ==A Ad Adste Y 25 P
steineniir= MFERIE TR 4ds g A2l JAd 75 dASHA FAEHA & Ao
2 Holau W3} S50l XA St Boeckela poppei= THE 2% B3] monomorphice] o}

dofoes aYPH s 2 Zo] AJHAAT. =, HAA 4 A7 2% purined
housekeeping functiong st HAT} 47, 2EF e dogtta o AHd B A F-A
=9 7ls2 WA UAA B2l B pogper A el AP R RS T B2 U 387
A 2FE0] purine metabolismell #Hst= 2 & FASHAT

Table 15. Microsatellite sequences of Parochlus steinenii

whEgho

:L

9 ol AY (5-3) - Forward Zglolm Mg (5'-3") — Reverse
Par1_01 CGTCGTTCTTTGTTTGTTTCA TTTACTGATCACACCACTTGTGC (TA)'N(GT)?
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Parl_02 GAAAGAAATCTGACTTGTGGGT AAATTACAAACAGCAACAAATTGAG Gmt
Parl_03 TTTGTTGCGTTAGTGTTGGTG CCAATCCCTGCCCTTCTT (TGG)®
Parl_04 GGTTTCATGAAGTCAGAAGCAA ACATTGAATAATTAGCTTAAATCGCA (AAT)®
Par1_05 TTAGTTCCCGCCCATTTAAG TGTAGGTTAAGAGAGGGCAAGC (GT)™N(TG)™
Par1_06 CTTTCAACTAGAACTTACAGGGTGG GGATTCACTAGTTGGAAATTGGA (ATT)?
Parl_07 CGTTTGTAGAGTTTGCTCCG TTTCTTCACATGATCTCACATTG (GT)°N(GT)*
Par1_08 TCAACAATTCACTCCAAGCTC TTTCAGTGCAAGTTGTTCCG (TAAT)?
Par1_09 TAAGACACCCAAGACGCTCC ATCTTTGTGAGAAGTGAGGAAGAAA (ATTT)®
Par1_10 GCCTTATTTAAAGAATTTAGCAATCG | GTCATGATGGCCTGACCAA (TTG)®
Parl_11 TTGTTGGTTAGTGACAACGTCC AAATTCATAGATGGCTCGAATATC (TTG)®
Parl_12 TCAATTTCTTCATCGTCCAACA TTGATTTATCAATTGGTGAGTGTTT (CAA)®
Parl_13 GCGCATCAGAACAGTCGAT TTGAAAGTCATGCTGAACCG (GATGAT)®
Parl_14 CCTGATTGTGGTTGTAGGGC TGATTATGTTCGGTTATTGGAAA (TAAA)®
Parl_15 GCTTTGCTCTTATAATAATTACGCAC | AACATGTCATGATAAACCACCTACA (TTA)®
Par2_01 TTTCAAGTACTTCCAGAACGTCA GGCTTGTCTTCTGGTTAGGG (AC) (AC)®
Par2_02 TTTCTGACGTTTGTCTGACG TTTGTCTTGAAATGCTCCTCA (AC)#
Par2_03 TCCCGCTACCTTCACCTTTA AGAGAGTGATGAGCTTGACGAA (CTT)*(CCT)?
Par2_04 TTTGTAATGTTCCATTTCCTCC GCGAGTGCATTGACATGAG (AAC)®
Par2_05 TGAGTCCGCCCATTTAAAGA CCAAAGTAACCAGATCAGCCA (CTT)®
Par2_06 GAGGTGGATTTGTGGCATTC TCATAGCCGGTGATTTATTCG (cAA)®
Par2_07 ATTACGCTCGCAGCAGTTCT TTTGTAATGTCTTCGCTCCTTATTT (TTAT)?
Par2_08 GTTTGGCATTGACACTGCAT AGAACCGATTACCCTGTCCG (AACTTG)™
Par2_09 TTTGTTTGTTCGACTATCGAGTG AAATTGTCTTGGCGTCGTC (CAA)®
Par2_10 AATCGTCTACGGCGGAGC CCGCGCTGATTTGTAGAGTC (Tet!
Par2_11 AACTAACCTGAATTTCGCTAACCA GCGCTCAGTTGCCTCAGT (TTG)®
Par2_12 GTACCTCCTACGCCTGTTCCT CGATTTGCAATCGACCATAA (TGCA)
Par2_13 AAATAAGATGGTGGAGGCGA GTAAGAAATGTGTATCGGCGG (AT)*N(TA)?
Par2_14 AACTTCTGGTACGCCGGG GGGATTCTGCATGATAAATTG (CAG®)'(CAA)®
Par2_15 TGGTGACATTGCTGGAGTTG CCAACAATATTTGGGCGATT (TAGG)?
Par3_01 TGAAATCTAGCAGGTAGGTTGTTG CTGCACCCACTTGCGTATAA (ATT)®
Par3_02 CGCCATTTATCTGATTTCCG TTTCAATTGAGGAATTTCATAACG (ATAA)®
Par3_03 GGAGAAGTGAGTATTTCGCAGG CTGTTTGAGTGGTGAAGCTTGT (CAG)'(CAA)®
Par3_04 TCAATCTTTATAGCTAACCCTGCAT GACCCGAAAGTATTCTTGCCT (AT
Par3_05 CAGTGTCTGAAGCCACCAGAT CGCTATATGTTCTCACTTTGTCC (GACG)®
Par3_06 TCTGAGTTTAATGGAACGCAAAT GTTAGACAAGCTTACGGACATGA (TA)Y
Par3_07 CAACACCAAATCTTCCTTTGC TGCAAATGAATGGCAGAAAG (cTT)’
Par3_08 | AACCAACCGATTAAGCCACA TCCCAATTGGTATCCTGATTT (CAA)SNé%AA)B( CA
Par3_09 TTGCGTGAATATCTAAGCCAGA ATGGCATAGATCTAGATAATCCTGG (TTA)9
Par3_10 ACCGTTTGAGGATAAAGGAAGA TTATCCGCTTGCCAATACG (TTA)6

Par3_11 AAATAAATACAGTATCAAGCAGGCA AGCCCGCCAAGTACTCATT (GTT)6

Par3_12 AGACGCAAATGCTGTGAAAGT ATCTCACGCCATCACACTGA (TTC)6

Par3_13 GGAAATAGGAGTAGTGCAGTTGG TCATCTGATCTGGTCAAGGAA (TAA)6
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Par3_14 TTCCACATATTCCAAATAAATGC ACCTCCTACACCTCCTGCAA (ATC)5
Par3_15 TTTGGCTGATAGCGAAATCT TTTGCATTCAACATCGACAG (ATAA)7
Parl_16 GGTTCCACCGCACTAACACT GGGCGGAGCCTAAATTTGTA (CT)17
Parl_17 AACCAACAATTTGCTGCTCA TTGCAATTGCGAAATCGAG (CA)14
Parl_18 TCTCGTGGGTCGTTCTTCTT GACAAGTGGTGGCTCGAAA (TCT)9
Par2_16 GGCCGTTGTATGACGAAAGT TTCATTTCCTTTAATCTTTGAACCA (AAG)10
Par2_17 CTTATTGCCAGCAGTGGTCA GTCCCGTTGGTAATGAAGGA (GTT)7
Par2_18 AGTTCCTTGAGTTCAACACGATT ZCAGTTAGGTTATACATGTTTCAATT (TTC)7
Par3_16 CAGCCTTTCCAGTGTCTAGTATTT ATTGCTTTCGAGGCTGCTCT (TTA)7
Par3_17 AGCTCAATACCTGCAATCACC TGGACAAACTTTATTGATTTATTGCT | (GTT)7

Par3_18 AAACTATGTAATAATGCCAAACTGC GAGAGGCTTTACAAACTGTTTCA | (AAT)9
Table 16. Microsatellite sequences of Tigrioous kingsejongensis

EN S ZZ2lo|H MY (5'-3') - Forward ZZ2lo|H MY (5'-3") - Reverse HtE Che|
Tigkingl_01 | ATGCCGTTGCAAATGTGTAG GTCCTCCATGTAGTCGCGTT (AAAC)Y
Tigkingl_02 | CACGAAGGGACATTTCACAA TAGAGGAGCCCAACCATCAC (AAC)1
Tigkingl_04 | CGGCTACTTCCAGTCATCAA CTTGTTCAGGCTCATTGGAT (ACAT)??
Tigkingl_07 | TTCGCCATTATGGATTTGGT TGGAAACGGAAGGGATGTTA (AAGCQ)®?
Tigkingl_08 CAAGCAGATCGTCTTCGTCA CCTACAGCCCGAGTATCGTC (ACTGAG)™
Tigkingl_09 | CGGTAGGTTGTGTTCTGGCT ACTGATTCGCCCATGATCTC (TTCTGC)’N(TCAGTC)™
Tigkingl_12 TGCCAGGAACATTGGTATCTT ACCTTCCCGATACTCGATTG (ACAG)™
Tigkingl_14 CCCTCATGAGTGGAGTTGTCA AGCCGAACTTTGCTGAATTG (AAG)"
Tigkingl_15 GTGGACCTGTCACCTTGACC CTGATTAGGCCCGGTTTAAG (AGG)™
Tigkingl_18 TGCAGATCCCAAAGCTGAG AGCAAATGGTCGTCAACACA (ATCOM
Tigking2_01 TTATGCCGTTGCAAATGTGT CAACAGTCGAGTCTGGGTCA (AAAC)S
Tigking2_04 GTTGGCGAAGTTCTTGCCTT TGAACCGTCTGTGGATGG (ACT)™
Tigking2_08 GGCAGCTATTAACTCTGCACC GCTGTTCTTGTTGCTCTCCC (AAC)M
Tigking2_09 | TCGGGTATATGCTCTTTGGG CTTTGACCATCGCAAGGAAT (ATCC)'S
Tigking2_14 CTCAGACTCCAATGAAGCCC GGATTGTCACAAAGGCGAAT (AGG)?
Tigking2_15 GGGCCTTCCAAACAATCAAT AGTTGGATTACCGCAATGGG (AAAC)™®
Tigking3_01 | CTTCGGGACCTTCTAAAGCC TCACAGAAACATGTGTTCCCA (ATCO)™
Tigking3_05 | CCAGTGGTCGCCATTCTC CATGGGTGGTTGATGTTGAC (AAQ)™
Tigking3_12 CTTGAGTGCATTCTTTCTATCCG CAAGAAACTCGGACTGGGTC (ACT)*N(ACT)?
Tigking3_14 | AGCCAGCGTGACGGACTT CTGGCCAGGCTAAAGCTAAA (AAAGCT)™
Table 17. Microsatellite sequences of Boeckella popper

S xglolw Mg (5-3) - Forward Zglolm ¥ (5-3') - Reverse Ele =g

Bockpol_01 | GTCATTCCTTCCCACATTCG AAAGAATACATGGATGCGTGC (CATTY(CATT)*
Bockpol_05 | CAGGGTAAACTTCCAGCATTTC TAAGGCCAGTCCCACGTGTA (AC)™®
Bockpol_07 | GTTTCCTCCGACGTTGCCT TTACGAAGGAGCGTTGTCAC (TAY
Bockpol_08 | CATTTAATCGCCGTTCCG ACAAGCCGGACTGAGTCTTC (TAY




gAACTC)3 N(AACTCQ)

Bockpol 09 | CAGCACCATGGACTCTTACC GCACGAAGTACATTGAGTTGAG
Bockpol_11 | ATCATAGGATTCATTATAGACTTTGGT | CCTCAACGCTAGCAGCTATAA (TA)*?
Bockpol_13 | TCCCATCACAAATAATTCACTCTG ACGTAATGGCCCTGGGTACT TA)*?
Bockpol_14 | ACAGCAGATTAACAGTGAAATTATAGA | TCACATTTAGCTTAGGACTGGG TA)Y?
Bockpol_15 | TCAAACAAACCTTTCCTTCG ATTCACCTGTGGAAATGGGA (TA)"
Bockpol_16 | TGCATTTATGTATTCCAAGACCC TGTGAGAGTTGTGTACGGACAGT (GTACT)®
Bockpo2_01 | GCACCGTAGGATGACGATTT CAAAGAGCTACATAAATTGTTGGATG | (TATAT)®
Bockpo2_02 | TTGATAAACTGAGGGAATATTATTAGG | TGTTCACAGGGCTAGTCCAA (TA)Y?
Bockpo2_03 | AAAGTGCGTGGCAGTTCAG TATACTCCTCGCCATCCTGG (AT)®2
Bockpo2_04 | AATCACCAACTGGCCAAATC GAGAGCGAGGAGGTGGAAC (AATC)’N(AATC)®
Bockpo2_05 | GAGAATAGATGGGCAGCCAG AAGCTCCCAGTAAGTTGCCA (GT)*?
Bockpo2_09 | GGTACACTTGGAGCCCAATC AGCCACATAAACACGCACAC (AT} (AC)*(AT)®
Bockpo2_11 | CTCCAGATAATGTGGCAGCA CAGGACCTGAGCAGCGAC (ACY(AT)™
Bockpo2_12 | AATTAAACGGTTGCATTCGC AGTCCGACTGACCACCTCAG (GT)*
Bockpo2_13 | GGAGGAGTAAAGAGAATGAACCC ACCCTTCACCTTTCGAGGTT (AT)}(TA)SAAT)?
Bockpo3_07 | CATCCTCCTCTTCGACATGG TTCTGTTGACGGCGAGGTA TG)*
Bockpo3_14 TGGAATTCATCATAATCCTAAGTGTC AAGTCACCTAAATAAACAGTCGCA (TAN(TA)®

Table 18. Genome sequences of Boeckella poppei, an Antarctic freshwater

copepoda
Samples Adults Eggs Copepodites
Reads after trim (n) 11,391,641 33,321,659 20,927,739
Avg. length after trim (bp) 182 69 69
Sequences(bp) 2,077,835,318 2,295,862,305 1,448,199,539

Figure 57. Amplification of microsatellites from 7.

kingsejongensis
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Figure 58. 38 genes involved in purine metabolism in
Boeckella poppei, searched by KEGG analysis

Stage Specific genes

~EEEBEEEE

Figure 59. GO analysis (left) and development—specific genes
(right)
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th o] AFdA = @ King George 4 of®E @fQke] 20~25 m F4lo] xsttholA AT A
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Fig. 64).

HlGHE59] ® e} vH(Delesseriaceae) ol <3} Delesseria lancifolia (Hooker f.) ]J. Agardh
[=Paraglossum lancifolium (J. Agardh) J. agardh]®} D. salicifolia Reinsch [=P. lancifolia
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Character state evolution Ptilota hannafordii (EU718701)

Procarp developed on non-specified vegetative Dasythamniella dasyura (EU718686)

axial cell, which produced one fertile periaxial

cell with two vegetative branches 1/99 1/99 1/100 Compsothamnion thuyoides (EU718684)
Procarp developed on the less specified o 1 Bl : HSKO06
subapical cell, which produced two fertile o I B )
periaxial cells, the apical cell lengthening ]
1/96 ~-——-Pleonosporium squarrosum (FJ415867)

Procarp developed on the specified subapical _o_
cell, the apical, sterile periaxial cell and sterile- Antarcticothemnlon polysponm (GH2923)
supporting cell remained one-celled state polysp

oTwo auxiliary cells, one from supporting cell and Spongoclonium conspicum (EU718705)
another from periaxial cells

1/9 = ,

Three fertile periaxial cells and two auxiliary Pleonosporium pusillum (HSK027)

cells, one from supporting cell and the other

from third periaxial cells Pleonosporium borreri (CH809)

eAlternative-spiral branches QL oponumsp: (SIKNSR)

175 Pleonosporium sp. (HSK097)

o Alternative-distichous branches
Spongoclonium caribaeum (KNOO1)

Figure 63. Compsothamnieae <ol X35 & TE59 FH 33} 4
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Spongoclonium caribaeum (EU718697)
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1/98

(KC38), Chile
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Membranoptera alata (CHE38), Narway
(CH Spain
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85/1 o(j”"“ Hemiurosomoida longa
53/101 L Oxytricha cf. balladyna
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Table 20. S 2401 AFSE SS9 HWEX L WYL
=g HE | GPS ALY
1 Holosticha diademata 3 NZI|K| =8 i | 62°14'13.74"S, 58°46'34.51"W | 2010-01-21
2 Euplotes antarcticus U4 NESI|X| =H S 62°14'13.74"S, 58°46'34.51"W | 2012-01-17
3 Aspidisca sp. S22 MEIIX FH Y | 62°14'13.74"S, 58°46'34.51"W | 2011-01-26
4 Metabakuella sp. =2 ME7|X| FH Bt | 62°14'15.27"S, 58°45'45.81"W 2012-01-16
5 Diophrys scutum S22 ME7IX| F=H Y | 62°14'13.74"S, 58°46'34.51"W | 2012-01-22
6 Oxytricha cf. balladyna H3 ME7|X F=H EQY | 62°14'17.5"S, 58°45'534"W 2014-01-16
7 Metaurostylopsis antarctica 2 NESI|X| F=H Y 62°14'10.29"S, 58°46'38.67"W 2014-01-19
8 Anteholosticha rectangula H3 ME7|X| F=H EQY | 62°14'27.35"S, 58°44'40.43"W 2013-01-25
9 Hypotrich 233 MEBI|X| FH EQF | 62°14'16.1"S, 58°43'43.0"W 2015-01-25
10 Neokeronopsis asiatica 2 NESI|K| F=H B 62°14'15.27"S, 58°45'45.81"W 2013-12-23
11 Parasterkiella thompsoni =2 MB7|X FH EQF | 62°13'26.78"S, 58°47'37.42"W 2013-12-18
12 Hemiurosomoida longa H=2 MEB7|X| F=H EQF | 62°13'53.1"S, 58°42'54.8"W 2014-01-16
13 Urosomoida sejongensis 32 NE2|X| TH B 62°14'15.27"S, 58°45'45.81"W 2013-01-13
14 | Pseudonotohymena asiatica | &= MB7|X| FH EQF | 62°14'27.35"S, 58°44'40.43"W 2013-01-25
15 Gonostomum strenuum 3 ME7|X F=H EY | 62°14'01.1"S, 58°44'42.5"W 2015-02-03
16 Keronopsis sp. 1 Y3 ME7|X| FH ERE | 62°13'15.41"S, 58°46'34.88"W 2015-01-09
17 Keronopsis sp. 2 = MBI|X| FH EY 62°13'26.78"S, 58°47'37.42"W 2013-12-18
18 Paraholosticha muscicola H3 NS =H EY 62°13'49.1"S, 58°42'36.4"W 2013-12-29
19 Diophrys oligothrix H3 ME7|X| = s 62°14'10.29"S, 58°46'38.67"W 2014-01-19
20 Peritrich S3 NEJ|X| =8 EQ | 62°13'50.00"S, 58°42'44.15"W | 2014-01-03

4, 1F
Ho] AR AFEAS WYstd FAWAE =4
ANAF 4FE Folsted 717 Fo] Ut AEHFH F HEF A5 390
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o] Y= g o 9 dPo] HAoH, FE T H 15l= 5ES 23, 243519 7%
S AE, FASY N2 T2 BIidtes A7 gFEoINeH, HT Eo driAdE B4
S 53 ASER, AEA 7 59 71xAA A7) mﬂﬂﬂ ATt

7124

T %(South Shetland Islands)®] 7d-F-, Deception Island®l
F7F »aE v 9o, King George Island® Henryk
Arctowski Station I 27 P ZF7F9 7AW FH Stranger pointoll A3t AFAAL 7]
AT B 3l G5 ti7 5 3719 78Sl ahdFor zAE b o sHAR, fkeo] F
=3 F=9] 7S dATe 19959 SAATAY SEHE T AedistuolA o] Fo4x ¥
79 7I1¥F A= 199k giEddo] miEsts oA Edd Aol EAE # AY =
ARZE o] oA A St

B ATAE BT AEHEIA A2 Adste Age MAFe Z WA 2AgoR
A, BFERIE ] AE4d ZAbe| 71o3tal, 52 AES AHE A% JA ol&sd & e 7=
A5E WHEIA AT
2. A5 9 W
7hox2F B AH R A

T8 AR A=A AFAQA HAME kA &AL, 7AFe] AE AFRE A4F
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A HAFAHA 78T AT HE A4 ¥ ARe AS7A F¥ obE R
Narebski point (ASPA 171)¢] B @ ZF=2YdA FHSAT. 2& QAL FE AAES
0at7] 9k, 2 A A HAPFOo R wiEd E¥E FA HE 1 A &R 2
2 =547 A, gl Fad AEEE o] g3t JAE FRIIASH, A =

e Hdll 28RS A HWiESste E¥S FEsAG. SHEAET e A, vrEREY
ol FEAY Qo] AR HAA A FEE

TR FHLS 77 1.5ml tubeol Hob Hastlon, -80°CellA &SI Al
ol &ttt 7 EWE s ¥, 15ml tubeol &7 wol 10mle] FFH9F 344SRl 2000
rpmol A 53 YA BEste] AF S AASAL, 20% Ethanol &9 10ml%} Diethyl ether

Smloll £o] wHkg ¥ 2000 rpmoll A ThAl 582 AA Belston, g AEAE AAsL
P17 stell st 78S 4 RS FAS AT

. -‘%Jl‘*‘ sEel B W A4F DA
A AHE NYFL FF B P4 B woE H
9l ol 9lol = 1 4F BAL

R
5 ol
o

© Ja
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& A of
& 2 & 2
348k aL, LZIL 5mm, 1mm, 500/,Lm ﬂ] o =213 7,4_?4 011}7} EAES
= w4 o

CAlG AER BASe gA AH & 0 o Ffiltering) sl A Ho)
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oA AN BT ARRA D AR, $FEEd0] S A
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£

2. ol Rel ¥ AHF =4

AFANA Q23 HERES PAvkS uttke] A4St dF BTE BFOE 714
5 ZAE AN DY olFE £2E BEHG ol LHon, AL ARALE
79 oRE FAY F A1E Azshe] A/E 4F AAE AAFAT

3. 2% 5 B
7h 2w ¥ W s
AT7IRE ¢ HERAAE A 23 25070, 2NESEY] 2 dSESEre 29
1278, S-EAd 7ol 3 50970 SEsigler, 2R MY & =3 27) gHs)
Rk EHAAL A3, gEEA] F9 115 AAA FAHeE YERen ZHES 46%°13
o BAE FHL F 4FTSE, Tetrabothrius sp., Diphyllobothrium sp., 2 Stegophorus sp. 2
=

Parorchites zederi® FRE Yo, Z+zto] ZFAEL 40, 8, 11, 1% ol e, ZF 101, 22, 28, 3=}
goA HAEZHUT 24 2 dSE5dur]e ERHAAME F 12719 B F 57F 78S
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e FHoez UBsow, Tetrabothrius sp. ¢ S22 FEEAT. 2R FEH Ao EH
M 718 S o] THHA FUH.

Figure 70. Parasite eggs found from feces of Antarctic birds. A: Unidentified
cestode egg found from feces of a brown skua. B: Thick shelled egg of
Tetrabothrius spp. found from feces of chinstrap penguin. C: Egg of

Stegophorus spp. found from feces of chinstrap penguin.

o dldsize] E¥U 7S A4
HEEREE Sl AF7IA A dAdsiE FAAdA AR 1049 E¥elAE

Diphylilobothrium spp. 2| A3} Pseudotarranova spp. 2 4%, Corynosoma spp.2l SAE 1

& ARAARE, JRA Y el BMESHA] 43, FHREAS JheAol E=of AEES s

st

o
ﬁ.'

L] L

Figure 71. A: Feces of Weddell seal. B: Stained proglottid of Diphyilobothrium
sp. C: Anisakid nematode found from feces of Weddell seal.

o =279 WR7IAS =4
AFAA 46704 (1 adult, 45 chicks), B33 30 7}A (3 juvenile, 27 chicks)®] AHAIE
gH, FHste AT AY AFE =AeY. HERAHANME  Parorchistes  zederi,
Tetrabothrius sp., Stegophorus sp. ¢ 7ol ERIEoW, AEAAANME P zeder
Stegophorus sp., ascarid nematode % Corynosoma sp.2] 7+ o] &RI= Ut (Table 21).
AFAAL E¥1 HAALE AASHA efot Blud = QIAAT, gEAA A ZAE o

dow 3 W HAE AAEY B4 ZAAVE vlavt Jhestdt ERAA 23 AdEHNe
AOR FAE 4T 7|1AF T Tetrabothrius sp., Stegophorus sp., R Parorchistes zederi® 3%
9

3% SAZE A BAAME BASNoH, o= o] 7T Addel A7) Al HA
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s Qe 2Y 5Y 7heAol B¢ AN Diphyllobothrium sp. © 7%, A7AA] ¥
A ATl AE BAHA g, ot Zddel AololAu, MF T Re A 2
}= A9

Table 21. Infection rates of parasitic helminthes of chinstrap and gentoo

peguins
Parorchites zederi Tetrabothrius sp. Stegophorus sp. Ascarid nematode Corynosoma sp. TOTAL
Infected % Infected % Infected % Infected % Infected % Infected %

Chick 4/27 14% 1/27 3% 4/27 14% 0/27 0% 0/27 0% 9/27 33%

Cp*‘e‘z;ﬂ?rﬁ’ Juvenile 23 33% 0/3 0% 3/3 100% 03 0% 0/3 0% 33 100%
Total 6/30 20% 1/30 3% 7/30 23% 0/30 0% 0/30 0% 12/30 40%

Chick 18/45 40% 0/45 0% 8/45 17% 2/45 4% 5/45 11% 23/45 51%

g:n"g‘g% Adult 1/1 100% 0/1 0% 1/1 100% 0/1 0% 0/1 0% 1/1 100%
Total 19/46 41% 0/46 0% 9/46 19% 2/46 4% 5/46 10% 24/46 52%

TOTAL 25/76 32% 176 1% 16/76 21% 2/76 2% 5/76 6% 36/76 47%

=7A oz AA gy 27449 Un *ﬂzﬂé‘“ﬁﬂ(kelp gul)e] A= AAdA vEA
ol TAHNY A7 = 71Tl AEHA wsken, A=A 1AM
557 VNA(Gymnophallus deliciosus) @t Tetrabothrius sp.2] A LF7F A AT

Figure 72. Parasites recovered from Antarctic birds. A: Stegophorus spp. B:
Tetrabothrius sp. found from a brown skua. C: Parorchites zederi formed as a

cyst on intestinal wall of gentoo penguin.

g} o} 7o WRIIAS A

F 55 /MAe] =5 U E AAE AANIH O™, Pseudoterranova spp. (14/55, 21
ute]), Contracaccum spp. (10/55, 157}2]), Acanthocephala adults (54/55, 2,962 ¥}&]),
Corynosoma®)  cystacanthocephala (46/55, 319v}2]), unidentified digenean flukes (46/55,
2,751)mke], =% % (7/55, 157he]) &= FEsIH 550tE]l F o3ty oAe dAEF
Pseudobenedenia nototheniae’} %71 =) ]t
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Figure 73. Parasites recovered from Antarctic fishes. A: Pseudoterranova and
Contracaecum spp. B: Acanthocephalans recovered from intestines. C:
Cystacanthocephalans of Corynosoma spp.

Figure 74. Stained flukes found from Antarctic fishes. A-D: Digenean flukes
found from intestines of MNotothenia coriiceps. E: Pseudobenedenia
notorheniae.
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Table 22. Parasite list of Nofothenia coriiceps collected nearby Barton

Peninsula.
Infected Infection rate No. of parasite
NEMATODA
Pseudoterranova sp. (larvae) 14/55 25% 21
Contracaecum sp. (larvae) 10/55 18% 15
MONOGENEA
Pseudobenedenia nototheniae 3/55 5% 4
TREMATODA
unidentified fluke 46/55 83% 2,751
CESTODA
cestode larvae 7/55 12% 15
ACANTHOCEPHALA
unidentified thorny-headed worm 54/55 98% 2,962
Corynosoma sp. (larvae) 46/55 83% 319
TOTAL 55/55 100% 6,087

4. A8
B ATl AlS71AZE SRSt e dHERETEY 7
]_

Aashe AEel 4% e 24T AT A% B e ST U

A 5 glor], 1 Fols ABA) YL Vo & YL Ao BUHE F wd xY
Hol itk AW L Bzt AA AAe] RPS Tkl AR Fe 4EL Fusge
M, ¢ PAS B OUF FJ NAF fFS WAL £ AUk TAR gree
B olnl 1%0l Y39l HEERN UAY SER DAL, L U4 A 1
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A 16 d. 2Fof 715t A-ERET] (feather mite) ] ATEF

8oF 2014 1294E 2016 297HA] E=9] SAVIEES HIERIEAA AYshs 2R/E
S UFdoez RAE=IIE AFSEET. 5Fe EZFREHFE  Zachvatkinia  stercorarii, Z.
hydrobatidii, Alloptes catharacti, A. aschizurus, A. chionis & 5%°] ZAEI =77 AU A
e AGRE=r] 589 tigk COlFAAEANA  AvenzoariidaeZ o] FIHHo| &L
8.8-25.2%, Alloptes 2] 7t WMol &S 174-298% 2 UEFSTE Avenzoariidae¥ o] U
o] &2 0.0-52%, Alloptes 42 FU Wol&2 0.0-03% YEelRth vlERIZ] A2 Ad
RG] A EAS BY] 8t Z stercorarirs U173 .2 microsatellite markerE
stRom, % ARy 5 o AHA AFE JEH Hud o Ho|.

2
Do R 7

1. A8

APRE7E 27/ 715 (oil gland), 2 Y (feather) == P (skin)oll T4 == 7|4
ste], ZEx7y, 9ie @253 FHlEs AFH ThH(Krantz, 1978; Proctor, 2003; Mironov,
2003). AERE=7= AAS A iR =F/olA BAEEW, #4424 A (microhabitat)oll w
ot 724 FE7F wl$ thFsith(Dabert and Mironov 1999, Porctor, 2008). 53] 3719 &
of =&d TS AT FVIAYTES Eol7] A TR FRIF FAHI, AEH} HESHE
Ade 588 Fol AAY, tdEZSo] dEete H o] YEFATH(Dubinin 1951; 1953). o 4
i FTE°l sF50]4 (host-specific)= 7HA 1L Jom, FEZRE Y ik FRojA 22, &
=\ A

, 22, HAEF2A A (communal roosting), & &2 (grooming)et 22 AAHEZS F3 o
ghth(Dabert et al., 2015). @A 2F 2500 HFo] &eix oH, 19HF A= US FoZ 9
&3 ATHGaud and Atyeo, 1996; Proctor, 2003).

Gl AYREY] A= South Georgia, Heard4!, Rossi, SF2 Davis station,
2 Aloke] Mirny station, F4l EWETE 2] Gastond, Greenwichsl 5 THFS A oA A5
o] o, 19F°] ¥ A Uth(Atyeo and Peterson, 1967; 1970; Schaefer and Strandtmann,
1971; Horne and Rounsevell, 1982; Mironov, 1991). &y HIERIE ddjoA = AEZ =7
of that AF7F Hol A ¥t} meA B dAFoAeE E5 GHERETEY HERE A
#EE = 27AA A4t AEEYE ALY F 555 AAdstaA ok =3, vbERE
T A AGRAEY] HAe FAA EAS 391314 microsatellite makerS 723}

3},
2. A 2 Wy

7F AFA

2014 124 0158 2016'd 2€ 147HA] &9 stAI7IZbs<t AF71A7F A =
BEAAd o] AFEREE(62° 137 S, 58 ° 47 W) FWollA = AT(Fig. 75). HFERtEdd+= <34
2 A3 FF=EZ07] Stercorarius maccormicki M E=Z| 7] Stercorarius antarcticus
lonnbergi, F=AVZAW7]  Sterna  vittata, ZHFEEUAMN Chionis  alba, FEEEVHEW 7
Macronectes giganteus, ‘&N 27| Larus dominicanus, ‘&= 7}v}-$-A|  Phalacrocorax atripceps,
deEntd 7] Daption capense capense & <=VIHAH] Oceanites oceanicus 12] a1 73 -S-viutohA|
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58° 4544 "W

% ‘BARTON PENINSULA

T
62°13'31"S

Narebski Point(ASPA No.171)
Maxwell Bay -
HOPR\ 4 K3

—— AR 200 0 200 400 600 _800m PV
sk s — 153 .
59°00°W 58°20"W 57°55 W KorenPolar Rescarch It Pried i 2011 58045I53 W =y

Figure 75. the Barton Peninsula of King George Island, Antarctica

[e)
A8ACAE 287 Pl(wing) T meltai)e AP AR A AWEYL
[e)

100% Lol o} olFsle] AFAolA A2(-20T) BTt ARAH JA=7]E 90% 24k
24NZHEE @ F, PVA stock solutiong ©]§3sted &efolegetzo aZAZIY el
Z 542 Gaud & Atyeo (1996), Norton (1998)2] HEFA|A H &5 o] &3t F& 2E3S
}.

oA"Y E=7] CO1 FAAEA
APE AEE & WA == the]ollA] Tissue DNA Extraction kit(Cosmogenetech Inc.)&
o] 8&3to] DNAE FZE3Ath PCRS ZAEIE7IR{ CO1 5°] primer?! bed05F(5

-TTTTCTACHAAYCATAAAGATATTGC-3 " )¢} bcd04R(5 * -TATAAACYTCDGGATGN
CCAAAAAA-3 ") primer (¢f 670 bp F32 4t=o] SEH)E o]&HAAT. PCREULS A+
94°ColA 3%, 1 F 95T 10%, 50T 30%, 72°C 1%2] Ato]ZF& 453 WHE3la vpx|9k 72T

Al 5% incubationst3Th. PCRe &3 5% ¥ 4HEE2 PCR purification kit (Cosmogenetech
Inc)& ©]&3ted AHA3te], Automated sequencer (ABI 310 model, Perkin Elmer CO.)Z
direct sequencings 3dtAth £ AT GenBankEHE FHRFE FUAEES HIBOE
Geneious ZEIHO 2 HH 7153 FH Mega 6.0 ZEIHES ]85l Neighbor-joining 7]'H
S8 MMEE AT T GV DTS Pairwise-distances 8% F AT FaH
AE AR

t}. Microsatellite marker 7J&

A GG B4 el NGS Iluminad] Miseq 71O 2 G714 9E o BAS
gt A . SSR Pipehne softwareE ©]&3l, A7|Ado] YR8t read”|E] AE align Al
7 %, MR g AVHNISS 223 ckMiller et al, 2013). Geneious L2102
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ZY7}+o] readsE Map to Reference ¥ = 15-30 read’7}l -2 contig§& Fol4 microsatellite

markerg A3 H9E AHSIHTH
3. 23 9 E9

b d=d AEEY] F 55

3% 63 1059 Z=FolA ALRNETE AHS A, 559 ALEIET77F HAHAT. &
SESZu 79} 2T EZ 7)o = Zachvatkinia stercorarii, Alloptes catharacti 5 27&°] &
Holon, AR EFU A= A aschizurus, A chionis 5 2&°] TAHAY. A E5Z0)

7], A-eviutaiA ], L&A o\ X Z hydrobatidiiZt 2= A THFig. 76).

HJZL'

Phylum Arthropoda Latreille, 1829
Class Chelicerata Heymons, 1901
Order Sarcoptiformes Canestrini, 1891
Family Avenzoariidae Oudemans, 1905
Genus Zachvatkinia Dubini, 1949

(1) Zachvatkinia stercorarii Dubinin, 1952 (Fig. 76A)

Synonyms. Zachvatkinia stercorarii Dubinin, 1952: 255, figs. 1-2; Atyeo and Peterson,
1967: 103; 1970: 147; Mironov, 1989: 91-115, figs. 3, 7 and 8.

#AFZRE 47, 3722 (EFEFETI, Stercorarius maccormick); 4 £ £ (AN E=ZW7],
Stercorarius antarcticus lonnbergi)

1 A== 7o G Esdu7|d A AN E Z stercorariic °]d FTIHAAE o}
G EAAGNA BFEEN o, §Hne =524 7| (Stercorarius pomarinus, Russia) ol 4]
A Z15Hen, srEdtE A Y Al d7IAES ez & Aolv) glth

Zachvatkinia stercorarii= Z. isolata®t ZFOlH O 2+ 1) TR AA R g7b A0 eH,
2) &AS & Z7|7F ZeH, 3) propodosomal shield®] & Zetzl & o AR se/t X
o},

Y

(2) Zachvatkinia hydrobatidii Dubinin, 1949 (Fig. 76B)

Synonyms. Zachvatkinia hydrobatidii Atyeo and Peterson, 1967: 102, figs. 9-12; 1970: 146;
Mironov, 1989: 91-115, figs. 4, 5, 7 and 8.

#AFZFE 37 ¢ (LSHAN], Oceanites oceanicus); 14, 3 £ £ (A-2W8ThAI¥], Fregetta
tropcia); 4 £ ¥ (B =52 7], Stercorarius antarcticus lonnbergi)

ag vkERE A NHE Z hydrobatidi= A =52 7], A28 vtk Y], EhtkA|
Hlo| A #AZEHSIT A7 AEH L3 LSHHA| H](USA, Massachusetts)oll Al 2R = loH,
FEjF oz Z Aol7t gl

Zachvatkinia hydrobatidii= 7. oceanodromae®} *}o]d 2= 1) tarsus IVel|l dorsobasal
spin 1717} €413}, 2) genital apparatus®] Zo|7} WolBth A1, 3) genital shield7} 1=
Foz U
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Family Alloptidae Gaud, 1957
Genus Alloptes Dubini, 1949

(3) Alloptes catharacti Mironov, 1991 (Fig. 76C)

Synonyms. Alloptes catharacti Mironov, 1991: 72-75, fig. 2.

BEARE 42 4,372 (@FEF5ZEY, Stercorarius maccormickl); 2 4 8, 1 ¢ (ZAEFZ
vl 7|, Stercorarius antarcticus lonnbergi)

a1 ANESZur| 9} I E5dur]oA A A atharacti= 2 A1°Fe] Mirny 7] 4]
oA GE54u7|ZREH A5 SAHUY. Allgptes catharacti Q71 A+ 5L 557U &
SESZUZ| 258 APHANCH, FEFH 2ol vtENEA AHE AT tibia IV EA)
= E717F F 9 A4 ARG, A s FHHcRE F Aol fith

Alloptes catharactic= A. stercorarii®t #Fo] S 2& 1) 4R 3 trochanter 119 Zo]o
1/27 =0]H, 2) tibia IVel] 22 &7|7F A8

(4) Allgptes aschizurus Gaud, 1952 (Fig. 76D)

Synonyms. Alloptes aschizurus Gaud, 1952: 164, fig. 2; Atyeo and Peterson, 1967: 98;
1970: 129.

HERE 14, 272 ZRAFHAEEUAMN, Chonis alba)

aZ vtEV Y AR YA oA MHE A aschizuruse °Fd=H<! Kerguelen 4 9
Black-faced Sheathbill (Chionis minion |4l A5 #AE Fo 2 obdFHe Heardd, EF5E
o] #1x3 Gastonyd, ZE]1 F4lEWRE =9 Greenwichd o] ZFFEEEWA A 7] SH 1}t
AT

Alloptes aschizusrus= A. bisetatus®} 2ol o2+ 1) & =7|7F =™ (550um), 2) terminal

lamellaeS S ZHE YR A o] EH ol

(5) Alloptes chionis Atyeo and Peterson, 1967 (Fig. 76E)

Synonyms. Zachvatkinia hydrobatidi Atyeo and Peterson, 1967: 98-99, figs. 1-4; 1970: 129,
131, figs. 15-17

HEREE 14, 272 ZRAFHAECUAMN, Chionis alba)

3F. Alloptes chionise °F'g=7 Heards 9] Black-faced Sheathbillo| Al A& #&H FTOo
2 opg=d9 Gastondel F7F AFPA 7]Fo] At whENRS BHFHSHNERE A
" A chionis= 971A&3% I o2 2 2o)7h ok

Alloptes chionis= A. gambettae®} o]0 2= 1) AR 37F E7|EF0|a, 2) FURS
o] 671¢] terminal lamellae”} &A)38t™, 3) the] IVY tarsus®} tibia FiE-°] # T
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C. Alloptes catharacti D. Alloptes aschizurus

E. Alloptes chionis

Figure 76. Feather mites collected from the wing and tail feathers of flying
birds in Barton peninsular, Antactrica

U AERE7] 5F° tigk CO1 FAE4

Zachvatkinia stercorarii, Z. hydrobatidi 22 COIf+XAE ©]-&3l% Avenzoariidae 1 <]
TAZTER] ATTE TSt TH(Table 23, Fig. 77). Avenzoariidae?}H 9] £3F p-distance s
FAZ A3, Wol&e 164-229%% UERoH, TP Wol&L 88-252%° Aol HEAUuTh
Zachvatkinia < ¢ F3t Wol& 15.0-214% YElS O™, Z hydrobatidi= 0.0-03% F4 ®ol&
S BAY. Z stacoarii FWAOIE 0.0-52%2 UElgon, w24doldAq AyE At oF
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5%F =2 WMol&g HITh Nj treeE I HESkS W 22| Fo] 22 &9 v F3 FA
TEHM, & IFo=2 Fole Ae AT + Al

el
o

Table 23. Sample list used in phyloigenetic tree for family Avenzoariidae

Sequence .
Locality
Taxon name length Reference
(date)
(bp)
Barton peninsularl
543
(2015.12.22)
o B Barton peninsular2
Zachvatkinia stercorarii 543
(2015.12.22)
Barton peninsular3
> 2015.12.22
(2015, N ) This study
Barton peninsularl
543
(2016.01.29)
o o Barton peninsular2
Zachvatkinia hydrobatidi 543
(2016.01.29)
Barton peninsular3
543
(2016.01.29)
Avenzoaria calidridis 543 USA GenBank(KU203080)
Avenzoaria totani 543 Europe GenBank(GQ864348)
Bychovskiata vociferi 543 USA GenBank(KU203078)
Bychovskiata squatarolae 543 USA GenBank(KU203079)
Bdellorhynchus polymorphus 543 Russia GenBank(KU203074)
Scutomegninia minuta 543 USA GenBank(KU203076)
Pandionacarus fuscus 543 Panama GenBank(KU203077)
Promegninia bulweriae 543 Spain GenBank(KM401844)
Promegninia calonectris 543 Spain GenBank(KM401841)
Zachvatkinia larica 543 Korea GenBank(KX610950)
Zachvatkinia stercorarii 543 Norway GenBank(KF018820)
Zachvatkinia isolata 543 Norway GenBank(KF018824)
Ardeacarus ardeae 543 Korea GenBank(KX610954)
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ag Avenzoara fofani GQA64348
Avenzoara calidrdis_KU203080
Bdellorhynchus polymorphus_KU203074
85 Bychovskiata squatarolae_KU203079
55 Bychovskiata vociferi_KU203078
Zachvatkinia lanca_KX610950
Zachvatkinia hydrobatidii_Barton_peninsular1
T00| | Zachvatkinia hydrobatidii Barton_peninsular? | Zachvatkinia hydmbatidfi
1001 Zachvatkinia hydrobatidii_Barton_peninsular3
Zachvatkinia isolata_KF018824
Zachvatkinia stercorani_KF018820

Zachvatkinia stercorarii_Barton_peninsulari v = 2
L Zachvatkinia stercorarii
o

T

e Zachvatkinia stercorari_Barton_peninsular2

Zachvatkinia stercorari_Barton_peninsular3

{ Promegninia bulwerize KM401344
9 Premegninia calonectis_KM401841

Pandionacarus fuscus_KU203077
ke

Scutomegninia minuta_KU203076
Ardeacarus ardeae KXG610954

0.0z
1 2 3 4 5 3 7 8 £l ] 1 12 13 14 it} ® 17 # i)

L. Avenzanna,_cabdrices_KUI203080
2. Avenzoaria_totani_GQ964348 0.125
3. Bdedorhynctus_potymonghus_FLUIZ03074 0.183 0.162
4. Bychovskiata_squatarclse_KU03079 0.216 0.1%
5. Bychovskiata_vacfen_KU203078 0.180 0155 O
6. Pandonacarus_fuscus KLI203077 028 0184 W0
7. Promegninia_buwerise _K401844 0.155 0.157 0,205
8. Promegrinis_calonectrs_KM401841 0173 0.137 0,188
9. Sautomegrania_minuta_KI20307%6 .22 o 0,164 0.187
10, Zachvatinia_hydrobatids_Barton_peninsular 1(HY203-4) 0180  0.160 0,212 0.163. 0.209
11, Zachvatonia_hydrobatidi Barton penincular2(HY203-5) 0,190 0.162 0.215 0.16% 0.202 0.009
12. Zachvatiinia_trydrobatid_Barfon_pemnsular 3HY203.6) 0.180 0.162 0.131 0.215 0.168 0.202 0.009 0.000
13, Zachwatknia sclats_KFO18824 0229 0.26 0210 0191 020 0.214 0211 021
14. Zachvationia _larica_¥X610550 0.219 0.226 0.252 0.183 0.246 0.195 0.192 0.192 0.210

15. Zachwationia_stercorans_Barton_pennaud 1(HY195-1)  0.183 0.1531 @
16, Zachvationia_stercorari_Barton pernsular2(MY198-2)  0.183 04153
17, Zachvaiionia_stercoeard_Barton_pennsibar(HY198-3)  0.183 0,153 0,20
16, Zachvatinia_stercocars KFO18820 0210 0.179
19. Ardescarus_ardese 50610954 0.266 0.259

0193 0.14% 0127 0.200 0.162 0.164 D0.164 0150 0.1%0

7 0193 0.19% 0427 0.200 0.162 0184 0.184 0,150 0190 0.000

0193 0193 0.127 0.200 0,152 0.164 0.164 0150 0190 0.000 0.000

0197 Q.15 0142 0.213 081 0.i% 0179 0161 0181 0052 0052 0052

02154 0217 0.235 02% 0257 0251 0251 0.283 0.2 025 0.2% 0.2% 0 353-

Figure 77. Neghbor—joining CO1 nucleotide tree and p—distance
of family Avenzoariidae

Alloptes catharacti, A. chioins, A. aschizurus 3% 2] COIfFXAE ©| &3l Alloptes S 9
TAFEHRY ASFE T3 H(Table 24, Fig 78). Alloptes 12 F3F WMol &2 17.4-29.8%
= WO W, A catharacti®] 17.4-273%2] F3t zZolE RYY. A chioniss TUY Wol&
0.0-0.3% YEFO™, FkAtol= 194-267% % UENSRTE A aschizuruse 20.8-29.8%2 &3t 2t
o]E HATE Nj treeE 18RS W ZH7te] Fo] Ze £ v & FH FA3 FEHH, T

FOE Fole Ae FAT F AT

o

Table 24. Sample list used in phyloigenetic tree for genus Alloptes

Sequence length Locality
(bp) (date)

Taxon name Reference

573 Barton peninsularl

Alloptes catharacti (2015'12.'22)
573 Barton peninsular2

(2015.12.22)
573 Barton peninsularl

(2016.01.11)

- Barton peninsular2
A. chioins 573 (2016.01.11)

This study

Barton peninsular3
573 (2016.01.11)
A aschizurus 573 Barton peninsular

(2016.01.08)
A. stercorarii 573 Norway GenBank(KF18829)
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Alloptes sp. 573 Norway GenBank(KF18834)

A. calidridis 573 USA GenBank(KU203101)
A. obtusolobus 573 Russia GenBank(KU203100)
Freyana anatina 573 Europe GenBank(GQ864352)

54| Alloptes chicins_Barton peninsulari

100

Alloptes chioins

Alloptes chionis_Barton peninsular3

a7

Alloptes chioins_Barton peninsular2
Alloptes obiusolobus_KU203100

Alloptes calidrdis KU203101
Alloptes aschizurus_Barton peninsular | Alloptes aschizurus

Alloptes sp_KF018834
o Alloptes stercorari_KF018829
57 Alloptes catharact_Barton peninsulart -
1UUIAHopies catharacli_Barton peninsular2 Alloptes catharacti
Freyana anatina_GQ864352
0,02
1 2 3 % 5 [ 7 8 ] 10 11
1. Alloptes_aschizurus_Barton_peninsular
2. Alloptes_calidridis_KU203101 0.208
3. Alloptes_catharacti_Barton_peninsular1  0.242 0,218
4, Alloptes_catharacti_Barton_peninsular2 0.242 0,218 0.000
5. Alloptes_stercorarii_KF018829 0.246 0.189 0,174 0Q.174
&, Alloptes_chicins_Barton_peninsular 1 0,263 0.1934 0.264 0.264 0.230
7. Alloptes_chioins_Barton_peninsular2 0,267 0,187 0,264 0,269 0.230 0,003
8. Alloptes_chionis_Barton_peninsular3 0,263 < 0.19%4 0,265 0,264 0.230° 0.000 0.003
9, Alloptes_obtusolobus_KU203100 0,298 0.268 0,273 D273 0252 0238 0.243 0.238
10. Alloptes_sp._KF0 18834 0.253 0.211 0.196 0.1% 0.196 0.260 0.263 0.260 0.284
11, Freyana_anatina_GQ854352 0,243 0214 0.226 0,226 0.242 0.253 0,256 0.253 0,315 0.225 [N

Figure 78. Neghbor—joining CO1 nucleotide tree and p—distance of genus
Alloptes

o}, Microsatellite marker A2}

Zachvatkinia  stercorarii®l gDNAE WGA(whole genome amplification)d ¥ NGS
(Ilumina Miseq)3t 23, 10,699,508 reads F71AE<= ATt SSR_pipeline software® A <
7144E < 2789 4d7](di-nucleotides) 7t ¥HE-H &= A dE 4 153] ¥HE, flank length 150bp
ZAS =2 filtering 3FR o™, 370¢] @7I(tri-nucleotides)”t WHEE = AEL FHA 103] HHE,
flank length 150bpE 783t F=3tAdth 2719 A717F WHEEH = @714 E2 27,123 reads7t
WASIE oY, 3718 @7]17F HFEE = read v F 1519970 ©| AT} Geneious 3E = 7138 o A
SSR_pipeline 2.2 filtering® readE Zt7Z} Map to Referencedt®] 15 - 30 read’} €2 contige
<ol A microsatellite marker® A+8-3t7] Zegt F-9E AEst 15 N EQ primers A 25t

% h(Table 25).

Table 25. Primer sequences and PCR condition for microsatellite markers

Annealing temp.

ID Primer sequecnce (5'- 3") Repeat unit (€)
F: GGCACTCTGATCTTGAATCA

Zach_1 (AG)2 55
R: TTCTCCAATTTGGACAGCAT

Zach_2  F: TGATCGGCTCGATTCAATCG (AQ)s5 58
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R: TCATCCAGCCAGCTAGACAC
F: CACCATACTCCGAATCCAAA
Zach_3 (CA)16 55
R: ACAGATGTCATGAGATCACG
F: CAACCATCTGGGATGTGTAA
Zach_4 (AAC)11 55
R: CAGGTGTTATTGTTCGTTCG
F: CGATGGTTTCCTGGTATCAT
Zach_5 (GT)16 55
R: GCTTCTGGACTTTAGATCGT
F: TGAGACAGAGCAGAAGACTA
Zach_6 (GT)y 55
R: TACAATTGCCATCGAATCCT
F: CCAAGTATGACACTGGAGAG
Zach_7 (TG)15 55
R: CCAAAATGTGTCCCTAATGC
F: ACGAAGACTACAAACGACAA
Zach_8 (TG)sTA(TG)15 55
R: GAGGAAGCTTTGCTATCCTT
F: TCGCTAGCTTTCITTCGTTA
Zach_9 (GT)1s 55
R: CCTGGCAAAATGTGAACAAT
F: ACAAGATTCAGGTTTTTCGC
Zach_10 (GT)is 55
R: ATCTCCATCGTCTCGTCTAT
F: TATTTGGTTCTGCGCAAAAG
Zach_ll (AAG)1() 55
R: CTACTGCGCCTATAGGATTC
F: TCATGAGATTGTTCCAAGGG
Zach_12 (ATC)1 55
R: TGATGATCTTGGAGAGGCTA
F: TGATGATCTTGGAGAGGCTA
Zach_13 (ATC)ss 55
R: TCCATTAGCGTCACAGTATG
F: TCCTCCAGCCAAAAATACTC
Zach_14 (CAT)y 55
R: TGGAAGGTTCGAGGTTTATG
F: TAGTGCTGGTGGATCAAC
Zach_15 (TCA)1o 55
R: ATCGTTCCACTATTCTGGTG
4. AE
= Oﬂ?‘i’ﬂ/ﬂ% = Fx2AAN Y vtEREAA AAEkE 1059 2FESEH JALEIETE
AT A =S4 7], G =54ur], Z2yFesuA, d2uutaAn], dsuiA b
=717 B#EES o)

5 59 —%%Oﬂ/ﬂ 23} 5F0] ZEA RNom, 558 ALEY] AR ojdATFE
ANA 2 FY sFE2FEH 7|SHAY FSolth WA EdeS FausiEds o, 27
EW Mol A= Ingrassia antarctica, ‘&"-Z=Z vl 7)o A= Brephosceles marginiventris, ‘&8 A)
Zu 71X = Allgptes obtusolobus, ‘&=7}vF--A ol X = Scutomegninia subantarctica, &=rEv+H
uf 7)ol = Connivelobus brevipes, Connivelobus major T 6LV FUHH R dd 7]-3/‘3
o] UThH(Atyeo and Peterson, 1970). WetA ZAHNET ] F& F7lst7] faiAE 572U =
7o F7140 BRUEHP A sl B MAe =R/E ol o= 01]”9‘3}

589 AP E7]o the CO1 Fda &43 A, vtEvzoA HA AL =731
TU Wol &2 0.0-03%% UeRgth vtENMEA ANYA Z stercorariie =2 S 0] A XH%JH
MA L} ¢k 5%8 2] Fol7F UERS=T], AvenzoariidaeZ 9] &3+ Wol& 8.8-252% % HQ
o, BtETES] AL 2ol JAle EEY JHeAel At wEA FF FUMHoE v‘i—
T2 A7 sFEGUH FEAA e BSNAY FEE 2tolE HEs] =AY et Ak

HhEREEA A AE ALRIEr] HAee #fd3 5A4e BV 98k, Zachvatkinia
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stercorariiS ™74 2. 2 microsatellite markerES NSttt} Z stercrarii= G20l AAst= 2
AEsdm) 7)ot d==5d7|@Est oy, 5= WAHm=S4m7] S pomarinus, 55
52 7] S parasiticus, SEFE7] S skua AXE 715H vF ATHDubinin 1952; Atyeo and

Peterson 1967, 1970; Gaud 1976, Mironov 1989; Vasyukova and Mironov 1990, 1991). 3

71 A BRAZ|X NN Z stercrariivt AHE A5 AR E=wol € Aoz

Aot

=

g
AR
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A 17 A B2AE AN BEe] A3 Jd4E 2AE £

1. A&

it G4 ER=EF = (South Shetland Islands)e] #ZA4dollE SA WMelr|oA Al
A Z7)9 HAZo] FHYstA Bxstn gom 1ES o] EEREH T F-A &34 o
2t 2 BaELh o5 Ui ¢ TAE dFE AE Vdy s 2 HA GFuE
o] 18RS FHofstedl T8I HAXE AA L UTh IF EAFAE FoE I AT
A5 AA E59 18A S Fotsterl a3 HRE AFH FUAH(Torres, 1984, 1990;
Poole et al, 2001). 3lA|9F o]& HA|SIA 2 A F71A] ¢zl O AR vl3] diide=

=

Ao Fo A7k FYAUT B ATE 248 U, ASHAA AT AT Y vhER
T2 g AT Ao HAF ® ¥ 1

BAste] BASY BRES WSTL o8 Mo W YW n@d 2% ARAYY

stoll thgt ol & sl aLAt &

Figure 79. XX & HIESEE, fIHEIE, HOABES =MHaHA

ME Za(HM ZOIE)
3. 2%
7t G| 295 Stoffles Point 9 Sk ol A A= FA8H4
(1) Protopodocarpoxyion sp. (F-2W 3 KOPRIF 25047)
wolH7E FEistAY g2 meksie AdEIH FARE FHY 77 SA%H. EA
(earlywood) ol Al FA(latewood) 2 2] Hol= FAAY A HIZ otk &4 w2 3
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K Holu FAZI=HL Aoz 477}
3 o] FAY FANMERY AEes 18382 I F0
HAt FAEs EASHA $oH FHFx4o] EATH. 7t
< ©E Ee FEE A5 Az ASFsAU Bo[qA EAlste ER
(mixed-type)o|t}. ¥ Fo] FLA ZAY(alternate), A (opposite) E+ HHH A (sub-opposite) O
Uebdth w2 S ¥ F(cross-field pits) S W33 (podocarpoid) &= A8 (cupressoid) 2
FHE HolH 517-'}‘51‘_61' F2 N e =4 207F SAEH w224 37 ST,
< P&ttt WAZFE R (ray tracheid)S EAI8HA] Feth WAL
As F2 gdoly Ax1e & 11102 w2 dHolty. 7t=d HAdy o] A8, =4 A
= F2 FAVIERAA YERdTh (¢ B B82S U R0 Metapodocarpoxylon sp.Z
BEJAR o] o] oA B2IetEolEd wAd HFo] £ FxEo] ofd 343}y
= FAdA Yehd Ao 2 A= Profgpodocarpoxylon sp.2 A= At

0_1

2) Phyllocladoxylon sp. (3% H S KOPRIF 25048, 25049, 25051, 25054)
wolel7b EAeta A olA FAREL Hol= G435t AV =TS Jar ol FAL

Zty, AAAY e HFE7E 72 FEHE B FAVIERS dAFo=E —}

FAG 7H=d AR S ddoln F2 "ol EAsta =EA HEH o

olof &4} wh(bar)et FARE TFREo] EASAT crassulae?l A= EHAE}HA] &

2 d2Fg=ol=8 3 A(window-like)F ol =EH ?ﬂ‘éﬂ%"(bordere 1t) e

o HFo| EAsH == 2707F A% A= At Al v
H AlZe = 1172 4 30 9% e BYd Y 7t=d HJAYEo] A3

—

(3) Agathoxylon sp. 1 (EE% 5 KOPRIF 25050)
UolH7F EAS T EAN M FAZS dol: 43}

L Bl A ERV =R HE
= TEAY Aol F H7}‘:4° T Zow Axdo] 7% Holth 7hed YA F
S AR HEFHo YUY 949, ¥ Ev SEA AEE EAGT GE o) A HFE 1
Tote AFAA G (araucarlold)ol‘:‘r Ay g AN FEAUFI oA WAty
g BAE 6/M7HA EATH. WS Dol AHEIE of 111 £OI2A 2 Holn Jt=
# AT #FEHA Ge

(4) Agathoxylon sp. 2 (EE¥ S KOPRIF 25053)

olHZ7E EAsta EA A FARS] Hol= F43tth FAVIERS] Al
Fo] v Foh FAEE SASA Bt ThEd AT R
ozM gd, g, 4ol EARY. BAGH TS FFHUTFIoRA wAqT 2-47 o] do
SATT Al 2E B T8 AR S
o] Aol type 1o Wl &2 Zlo] & olt.

1o =3
7t=dse] AlEZ W E4e] Ed50] BHFHo Ut
(5) Dicotyledonous wood (FEF¥ S KOPRIF 25056)

(3
vold 7t EAsta 4FE A (diffuse-porous) ol A §F&HE-All (semi-ring porous)®] EHS Kl

o},
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ABXE0IE ALY S(KOPRIF 25058).
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Table 26.

Reference

Torres and Lemoigne, 1988; Chun and Chang, 1991; Cantrill and Poole,

Taxa

Agathoxylon
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2012; New

Cupressinoxylon Poole et al., 2001; Cantrill and Poole, 2012
Podocarpoxylon fildesense Torres, 1984; Zang and Wang, 1994; Poole et al., 2001
Podocarpoxylon Cantrill and Poole, 2012
Nothofugus sclariforme Poole et al., 2001
Nothofagoxylon neuquense Poole et al., 2001
Nothofagoxylon corrugatus Poole et al., 2001
Nothofagoxylon antarcticus Torres, 1984; Zang and Wang, 1994
Nothofagoxylon Jagmin, 1987; Cantrill and Poole, 2012
FEucryphiaceoxylon eucryphioides Poole et al., 2001
Myceugenelloxylon antarcticus Poole et al., 2001
Caldcluvioxylon Torres, 1990; Zhang and Wang, 1994
Protopodocarpoxylon New
Phyllocladoxylon New
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In this study,
Antarctic mosses are the primary producers with the most abundant

genetic screening showing the expression difference according to the water gradient of
in terrestrial ecosystem of Antarctica.

the habitat.
species sensitive to climate change. They are also well suited for studying molecular

the terrestrial plants to environmental changes based on the genomic information by
response mechanisms for environment change because they have developed a variety of
environmental adaptation processes to survive extreme environmental conditions, such

gradient of habitat for Antarctic Sanionia uncinata and try to predict the response of

ABSTRACT:

biomass



as extreme low temperatures and extreme photoperiods throughout the year. Thus, in
this study, we aimed to clarify the relationship between physiological phenomena and
gene expression in response to the frequent environmental changes. To this end, we
first collected microclimate information on the microenvironment of S. wncinata
populations from the KGLE-09 site (62 ° 13'13 "S; 58 ° 46'18” W) of the Antarctic
King Sejong Station, Baton Peninsula. Three habitats were selected according to the
moisture gradient. Moisture contents of the plants inhabiting the area were divided into
the coastal area with high influx of water from the surrounding area, the region where
the moss carpet was formed and the dry area with the rock surface. The water content
of these plants was 65%, 45%, And 25%, respectively. As a result of measuring the
photosynthetic rate based on PSII fluorescence in plants with different water contents,
the ETR wvalue representing the photosynthetic ability was increased as the water
content was going higher. On the other hand, the populations of moss carpet area and
rock surface area showed photoinhibition at high light condition. RNA was extracted
from the moss samples from each region for RNA-Seq analysis to clarify the
differential expressed genes. As a result, the number of DEGs specifically expressed in
the rock surface population samples and the population samples of the moss carpet area
were 709 and 546, respectively, as compared with the gene expression of the coastal
population having the highest moisture content. Ten genes were commonly increased in
expression for both samples of the rock surface and of the moss carpet area, and 42
genes were decreased in expression. Rubisco small subunit and ELIP proteins increased
in the dry condition. It is notable many of early light-induced proteins (ELIP) known to

be induced by moisture and light stress are induced in the dry condition.

1. A&

7} A B

FUE 0% A AAFeR A7k B AN R B O S E WS o
2o fAstE Zuk F1E B AT RER etk Ardors A WA WAL 5
Bl mE BT B4, F oA SR g pEA Mg Hols faA A
oltt.
U Ao gad

A A Re 3= viFo] v d=o FAAHNA M w2 HSe AAse
17 ARAZA, A% F3e] AL, ITHA FF7] § AR ANBA T M TN AelA
A7) 98 TER 84S Ve 2R O AdeNE duE 4 Qe 553 g4 B
falz 93, AgHoz A2 s TRIAE A28 AT Fa AT FA
of Z1Fdsto] Wgd BARUHY AwFows HAHe muoth Tdmw, I A4
sto] e HEf ¥ ATE B3 FAY YBO) BS oZe] B3t AT A AL F 9
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o, Zu9) JEAE @8
QEAL §AA A Asage ta) ATee BAFAALL AT BAA
s AT A GVAD B wee] wel e 43S nogt 53, 2

N
r>~
1 R S

R SAUHA 14 YT gRE FFsE 98 RRTOE YBANY Fo AT
dol} 87 RUHYY AFP AXFoRAY £ ANolx By FHAE WED
ARES 52 AT/ ARSTh V1Tl SukEE #7e9le) Watel g Az
Z5o] sjvitt 4P AAT 2719 MBS Hol: FAYBL BAFAALS W] 7}

d FL AR SA AT A=Az A7 HAEHA . A7MA TEE =
AR 725 AE(G2.6%), A£134(29.8%), HAAE(105%), E7(53%) & o7t w5 AFH
o] A FAA AFE HET Adle 719 A7 Aot A F P 73
Ef o] o d@FHAA HI A4t (Khraiwesh et al, 2015) 1%, ¥, FE2EdH 20

. patens®] AR BEE AYHoR HIFsta 4 2EdHE 23oA ApEZ oz Ed
WA FHAE Fotx A A, 4570 At FRAAE E2d AF A TE
2Eg 2o g vhr] FAAE Z&3AT SA4% dx 2ddAAE 2 dt FHAH
2 ATt A o] FAAH HAdolhe AT Totwa ruraliso) H3 Az 2 & =
AoMe] FAFAA E4e Tl o Tl FRAAE BASEAL H o] B o] 23}8te] Al
i + Eg=E THEAUIL(Oliver et al, 2004), &
Aulacomnium turgidum®] TR FHAAE EA8t B5 OAVA FH AHR{ A turgidum®
Az 5090 g F7IME 24 Tl A A B SA Y EAS AEste A9
Ao ofs) wdo] Wslete KA 25 A3t olEo] LAF FAA G ABG A
A H(Liu et al., 2010).

A A7 A fle =54 A
q e BN WgstE A
SR 7} Al Fsttt

ok
(g,

3
Az A AR F= W3 E ol (Sanionia uncinata s 73 ZA4 HEE HEE9] T
= TH871A KGLE-09 site (62°13'13"'S; 58°46'18"W)ellAl |3 3tAth (Fig. 83). Th,
T8 2 Azl 37 AR g FETHlC MAste AEAlE 4 =49 3 3 s
22 & AA| AR FA FAANI L HAAPEE Zobx 1.5 ml Eppendorf FEo| &7]3 -8
0ColA Bst T
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59°W w w 58°W

Figure 83. King George Island with the sampling
area. Sanionia uncinata samples were collected
on King George Island, Barton Peninsula,
Antarctic, 62°13'13"S 58°46'18"W.
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(PAR 0, 127, 192, 288, 424, 634, 833, 1161 % 1514 pumol photons m?s™) oA ZHt} 1514 u
mol photons m*s'2 A&HHo =R Frlet=s HAsta, 24 GAvT 10 = % ALHE

ERF FA 29 AU A FEEETR)= SAHSA

fr
ik
tlo
k=)
k)
2
£
}I_‘
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r
B
op > M N g%

2}, RNA A4S 913 RNA FF 2 golagg &4

RNA AlEAS 18 ARG o7 AES trizold EF3t A F5& AHE3HH
HE 1.5 ml FEAA &3 ’3}9113]-. RNeasy Plant Mini Kit (Qiagen)< AF-83t4] 100 mg
Z2 A F RNAE 83 ¥ RNase-free DNasel (Qiagen)E Al ZALS] W7ol o} A
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gatA . RNA &% ZZ 8= Qubit RNA Broad-range Assay Kit (Life Technologies,
Carlsbad, CA, USA), 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)<} 1
% of7tm= AdAel Ar|dEoz Z4 &EAJeATt. AlEA golBEgE SV Hsl
TruSeq RNA v2 (Illumina, San Diego, CA, USA)E A&3tHal, 4+ AlS¥E & RNA 15
uge A& Alx=dA e A% Agel wet 2ol B el E S 3kal, Bioanalyzer I
ojB# gl q-PCR WHo= AEssidt. 24 AME" LI HIE&E lllumina MiSeq
Reagent Kit v32] E=E-¢ Ao Z T3t MiSeq Sequencer AlZ=Hl(Illumina)l Al Al A&
Tt o F 3Gbe AEA HlolE 7 A H A
n}. Reference-based assembly$} RNA-Sequencing 4

A E 42 CLC Genomics Workbench (version 8.0; CLC bio)9 118 &
S ARt FRHAT. WA B35S oY Ade] A, 253 wIFHUHE H 92
2EH AdY Efgd e WA AT. CLC Genomics Workbench e ZE2IH & A&
o Reference-based assemblyE &3}, 76 bp mIREE] Alo]= AH 2
uncinata Al @3 W20 w3t RPKM #e Atstdt. 94 ASS 9l FDR
Pvalue < 0052 AAste] ZE P AT o]F Fxae] A2 2d E4& 3 log, fold
change > 1 (up-regulated genes), < (—1) (down-regulated genes)2] 24 -& &3ttt

A
[

iy
i
o
19

9. cDNA @4 2 q-PCR H4

RNA &5+ 260/280 nmoll A #3 F =7 (Nanodrop2000, Thermo, USA)E A}-&3}
of =A3t1, 1.7-2.22 H9 UolA 260/280 nm Hl&o] FAHE AL FASAT. 2 ng2
total RNAE M-MLV reverse transcription system (Enzynomics)< AF83to] cDNAE &
43t3, PCR AAl 71E (Qiagen)E AF&3te] Attt 48 E cDNAE 108 3|43}
qRT-PCRO] FH O 2 AL83ATH RNA-Seq HIolH 9 HFE& 93 qRT-PCRE Rotor-Gene
Real-Time System (Qiagen)olA] F33tA . qRT-PCRS 7 ¢cDNA AZo sl 2 7} ¢
biological replicate ¥ 4 7] 9] technical replicate® T3ttt HolE|E 7|F 2= SunaTub
(SunaTub_13753, SunaTub_1525)E& Reference primer® AF-&3tH T WA 95Tol|A 387 ¥
AANZ F, 95ToA 30%, 55CellA 30%, 72CollA 18-S ¥HE3HE 218 283 F335190aL
3 ghEo] v F 72CoA 583 F712 SIS FIT o 20T WF Ef&é‘}%lv}.

3. 2% ¢ a
A ] b o =L B g S

T e e AR w3ldel79 FA e #E FA dd] aolg BA3H
?18, KGLE0Y &4 W wi3d < 5 (Wet), St (Intermediate), 13(Dry)e] 3¢4|
2 etk AR wrje S-S fsiA A x2A4 9 62°13'13"S 58°46'18"W KGLE 09
Aol Ed] TR E AX3Y tH(Fig. 83). 2015 1€ &<t A 2%, 3HF %L JUF=EE
=243 Ay, BEYgLEe 7|28 M F¢ 0°C o) AS FAYAT A FHA FslE @



Temparature { * C)

Abssiuits Hurmidity

Absolute Humidity (m’m”)
Rolative Humidity{%)

PAR {pmol m' ¥ g7%)

Figure 84. Daily variation of meteorological conditions in January 2015
where Sanionia uncinata (Hedw.) Loeske plants growing under natural
conditions in the vicinity of the King Sejong Antarctic Station
(62°14'29"S; 58°44'18"W), on the Barton Peninsula of King George
Island during the austral summer.

U, Az 249 B3EA

T TH7E & Al 7EA AARe wl"ol71e] & FEFe SAHSGAT. o
Ao 7I7he thEe Xoll AAste AEAY A 65%, 7HElE s Age T A Y
o] A EA = 45%, ¢A EHY AxT o AHste A EAE <

A THFig. 85B).

oAy FE o] E AEAESS YAHOE PSII FFo| 71%x3 JFIAZFS =H
3 Ay, FEFSFO =8 5 FPAH S tAEE ETR #ol S78kdal, o] Al

1}
o] destttrt A@=doNM= %@"é BRI A= FANI Aoy FE3 AE ol 01
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GE2 FF wek FFY F Asv} obAM FE AP T B4R LU
ZaA 77l BB S 7FA T (Farquhar et al, 1989). Melick & Seppelt (1994)°] A7
Az, AzsEdsE Q22 %o 222 2T X ATAAE FEo Be gl
N R0 FFo] Mg AL AZT 5 Fastt AFL BATH(Fig. 850).
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Figure 85. Impacts of dry/wet climatic condition on photosynthesis, water
content and chlorophyll content in S. wncinata. Photosynthetic response of S.
uncinata to the photosynthetic photon flux density (PPFD) under different
water potential conditions. (A) Photosynthesis (b) Water contents (c)
Chlorophyll
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6).
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NATh (Fig. 88B). Hx Z7dA 7FF =& @IdE B FHA+=  Ribulose
1,5-bisphosphate carboxylase small subunit® = Tk 2o B8] Az 274 23.834],

b z2AAA 32680 F7FstA T 18]al scaffold502-snap-gen-2.17-mRNA-1  (caleosin),
maker-scaffold597-snap-gene-1.16-mRNA-1 (alpha tublin),
snap_masked-scaffold520-processed-gene-1.1-mRNA-1 (beta tubulin 2), including
snap_masked-scaffold2604-processed-gene-0.0-mRNA-1  (early light-induced protein  2),
maker-scaffold118-snap-gene-0.4-mRNA-1 (early light-induced protein 3),
snap_masked-scaffold239-processed-gene-1.12-mRNA-1(early light-induced protein 10) 5©°]
23 B70lA Bao] Zrlehs A0 R UehtthFig 87). 487 FrEd 2 o3 fEHE
Ao 2 el ELIP(early light-induced proteins) T &o] o4 x3td AL vl 54

o

ZIEe H1ig Az #d AAA dFodA HEAEE Bistes 7sS 7 A
o Bdo] Frlsle AR A Ht(Moore et al, 2009). ELIP FHAE TJL‘T_XJ,OL r
% 3tUE, A2 & (Alamillo and Bartels 2001), 4<% (Iturriaga et al. 2006),
et al. 2002)0l A A =xol] ol wdo] Frtet= A= UBHT. ELIPE =
SANA AES gt OGS BF 2Ed 2o tE =9 w3l #Ase= Fo 2HIA
% stutelth. ELIP= 73 ¥ (Adamska and Kloppstech, 1994; Lindahl et al., 1997), UV-B
(Adamska, 1995), A (Montane et al, 1997), %2 4F49} CO, &% (Montane et al.,
1998), ¥ & F=(Levy et al, 1993) ¥ 1 Z(Bartels et al, 1992) & T 43 &7 =E#H
]l et Az SHHE A2 dHA Ao

RNA sequencing= &3 AE¥ = #¥ DEGES U3 S qPCRS &3l AUt AT

]

\_/
o)

A0 23E BEE fFAAEC] d4E 7Y FE4ES BYor O 4d 94 RNA-seq
B84l FAF AES v, 3452 AR BEL AAETT 5 AU (Fig. 89)
Condition Sample ID ' Raw reads Trimmed reads Mapped reads
Wet WA_S1 11,525,438 11,518,018 3,502,558 (30.39 %)
WB_S2 13,768,272 13,743,486 4,149,242 (30.14 %)
intetmediate IA_S3 5,195,606 5,182.720 1,400,194 (26.65 %)
IB_S4 4,011,456 3,993,894 836,732 (20.86 %)
D DA_S5 11,008,446 10,986,672 3,357,280 (30.50 %)
i DB_S6 3,034,716 3,022.760 808,684 (26.55 %)

Figure 86. Summary of transcriptome sequencing results for S. wncinata with
the mapped percentage against the reference genome.
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Gene ID Dry Intermediate Functional annotation
maker-scaffold118-snap-gene-0 4 mRNA-1 257 228 early light-induced protein 3
maker-scaffold259-snap-gene-2 17-mRNA-1 2683 329 Ribulose 1 5-bisphosphate carboxylase small subunit
maker-scaffold502-snap-gene-2 17-mRNA-1 298 35 caleosin
maker-scaffold597-snap-gene-1 16-mRNA-1 2002 1047 alpha tubulin
snap_masked-scaffold239-processed-gene-1 12-mRNA-1 378 366 early ight-induced protein 10
snap_masked-scaffold2604-processed-gene-0 0-mRNA-1 873 569 early kght-induced protein 2
snap_masked-scaffold520-processed-gene-1.1-mRNA-1 486 491 beta tubulin 2

Figure 87. Representative desiccation—-responsive genes in Antarctic moss S.
uncinata fold change compared to wet.

Upregulated under water gradient condition
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Figure 88. Three-way venn diagrams representing differentially
expressed genes among different water content conditions (p-value
of FDR < 0.05). Up- and downregulated genes in Dry and
Intermediate conditions compared to those under wet condition are
shown in two-way venn diagrams.

(A) Venn diagram for overall results of expression. (B) Venn Diagram
for results of differentially expressed genes and diagram with filter for

up— and downregulated genes in S. uncinata , respectively.

- 120 -



Figure 89. Quantitative real-time—-PCR validation of differentially expressed
transcripts from RNA-seq. To confirm the accuracy and reproducibility of the
lllumina RNA-Seq results, seven desiccation—-responsive genes were chosen

for gPCR detection.
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A 19 A, Ao]&F Az FAApUE 7 AHAA B

8k HEWE Fa A AR Ay AFE vtEVE ndA o wgld nE vhg
I FE 4S50 T8I GAVE 2 F dvh S &4 =6 wE AoRwe FHAH 24e
elslr] skl ntENE A MAsts AYF Cadoia gracilis®] FEARBAEE BA38H9
o A AEAAN A7 sEFTel A B3 283 BAHo] e ALewE FAHHMU
o FEIEFS ZH), M), HL)E vrol &l 3 A3 FEIGTC] Fobd wet Hoig
&L Frkstal =3 ojitstea HAHES t¥ske ETR#C] 8ol FAA S
Holx] eFktt. ol#d AH=E Cgradlis®l Fddse 2Aste 8% 24 F st &S
Foln FEIGFe] Wt mE FHAA L 2olE FIFe =N vy W] g RkE

1. A&

g5 HERNEE A2 A7)0 Wliste bk A Fe] EAsta ol A2 FAFHAE
FrEste] A £x2E 27 o vSF e WHite Adx Ao Zxo W E EAAT
A, 54 B4 2]l Wt wE SA4e A HIE SiFgoezA B WE oS
ZIgko] & & Stk ALFE o718 A vtENES] SAMHAE olFE T8 Aot
A7 F7 AGelM & AAZE F 9l Fa% 54 T st FHY FEF A A9
TEYS LAANII= poikilohydyd A2 wj&Eolth =3 Ax Aol U7 Wi FEUo]
W2 StolA A Ao o]l A ol ol Fox A HAS wW FAAA A &
&< 7bs3tAl th(Fernandez-Marin 2016). A&7 GEj o] A A7} 3157 A& st Z
A3k FEdel o AW FHAEH TFE AART 3RS A7 dHE tEE &
T Ae AZEH ALD F Atk AYFA Jadonia gracilise A7 AAHOZ EXste =
25Zge Foln, vtENE oA F3F gdAde] w2 EFcdd S0 =23 EYEE
7b =3 AEiRel Aol FHI Aol AMAstm, X3 AFolM MHstes AolF Ho
AAEETE lad we AgdTel At & dFolAs el mE C graclis®
B EAC tial dotrR A o

HENME A7 RUE Y AOlE F syl KGL03 (62, 137 29" S, 58, 46’ 40" W) &
HEe o] Bods Aol AHE FHEFo = o7 el FAA FAH Ao offFo
© ToTH E°l =8y A= FHEoIH o7 £ Holle C graclis 7t w5 A A
A ekal At o] e ATollA KGLOEWOIE«I C gracilis?] +3¥< 4 & A3 F 7HA
of FHY(GT1, GT2)°] AEHAI, I F KGLO3AO|EA A st GT1 AP o= e}
= 5/ E2YE A4 WE} "‘E‘ﬁ&%k ZAHE A% AsE ZFEY /PEAFANA 2
cm o FZol A AgAE FAE A FR ol AFFE S 65 CTolA 24hr
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AN & AedFe SAHsAH.
. F3st ae9 84 24 54
MINI-PAM I[(Walz, Germany)d¥H 2 ZAMNS] FHo} F3}8 & & (Fv/Fm),
&(Y(I)), ETRS SAsAT. 224 7MEAHEREH 2 cm o A oA
g3t A HAE A Fol T leaf cliplZ IAZAZ & AL d oA 20
1=

&

A =

S AAW. °]%F Fv/Fm¥ ETR, YIIFS ZA3 A YIIE Aoz Ae 59%
H} 7
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ANBAFH F SA 3M Clean-Trace ATP Systems< ©]| &3t 7 A|52 ATPE Z7433Th
gDNA F=8& A5+ 100% Ethanole %718t gDNAE 1AHZ & -80TCelA st

U & FA7IMAE A4S ol &3 AT R EA

A 59 0.3g= MP bio Fast DNA® SPIN KIT (MP Biomedicals.,, United States)& ©] &3}
o EY Y EA3l= gDNAS FE3HHth

Test-PCRAN A ¥ HE-&& HQI A EZ tial A E & barcode’} & bacteria primer
set 27F-519R) & ©] &3} PCRS F33tH . PCR Al 2712 DNA template®] AmpONE™
Tag DNA polymerase (2.5 %+ 3 units), 10 x buffer (MgCl, 25 mM =23}, dNTP mixture (4}
25mM), 183 MZ T2 barcode’} B2 primer 27F (5-AGA GIT TGA TCM TGG CTC
AG-3)8} 519R (5-GWA TTA CCG CGG CKG CTG-3)E A7lete] %< 25,7 A &4
o}, PCR WHs =L 94TCoA 583 %7] denaturation $, 94Col|A 1E%t denaturation, 5
0ColA 18Xt annealing, 72TeolA 1% 30% I extension¥H-3stith o]t

Z71¢] pooling &, AA| 3lATE Pyrosegencing T3l A& & A WES
pooling ¥, Roche 454-FLX TitaniumE AF-8-3he] 41315t}
o] ZAAEA W oA dojl @714 E2 PyroTrimmer (Oh et al, 2012)E 283}
Fdo] Y& dAriAde Wit filtering? clipping= TsIAT AEE GUIAES
UCHIME =273 (Edgar et al, 2011)¢] de novo chimera detection 7]5& €83} chimera
W7IMEE AASAT. CLUSTOM= ol&std Al oA 24& fAstd 97% FA=E=R
clustering3t %1 2™, clustering® ™3E @714 LS ¥ol EzZTaxon-e (Kim et al, 2012) DB 7]{tS
2 FAS FIYsto AF2 ERAEE FHREAUY.

ok WERA] FE A

HERAE A4S 95t oehg® I AR 03gS MP bio Fast DNA® SPIN
KIT (MP Biomedicals., United States)& ©|-&3%} F=3t3ith. = ¥ metaDNAS 7}A 1L, 2}
olBH# & A} &, lllumina Miseq platform= 53l paired-end W EFA| 5 Hlo|HE 4AF&3I3A

o},
3. 43 € Eg

7}. Microcosm A &9 ATP assay

Hi 712 SQF vl F 14, 3Y9 18]al 20€8 Ao AIEE AMFHAS ATP assays AT
A3, zTolA wF=et Atel wel AEo FAo] 7Hd e W eyt 2
gt A ddTe A9sta e Al 7HA AdT 25 e FAIZEel ek A A8 ATP
valueZb Z7Vst= FAHS B om (Table. 27), 253 Wal A4S By sldE vk A

e 5 ast e Ao ArHEc
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Table 27. ATP measurement value of microcosm test (C,

control,

water+nitrogen+carbon,

water, N;

metal, 4; 4°C, 10; 10°C, 25; 25°C)

water+nitrogen,
NCT; watert+nitrogen+carbon+trace

Incubation times

Treatment
1 day 3 days 20 days
C4 2580+4160 628+28
C10 259+161 568618156 365+147
C25 71956976 787194
W4 150+137 998+314
W10 6560 144+115 643+259
W25 30+18 328+121
N4 102+49 128+50
N10 180+108 193+40 133£73
N25 130+49 55+13
NC4 121429 1660+420
NC10 168+139 149+34 1965+1728
NC25 1983+1447 1769+704
NCT4 98+27 9584239
NCT10 155+56 89416 438+95
NCT25 90+25 119+105

. Microcosm Al&2] AldT3 o]

Microcosm Al&59 M3 TN, TC, CN ratio, ATP2t T A4 ¢ NMDSHZ 3,
NS s et o] dFS won, ZF Aol wet Ay adddAsdd s F=
SEATHFig. 92). Alet TR o] E4ZA, Al o Hole 2% HIlite dAad,
Fe e Ao IARIHAY. 53] FHL(TN, %)% C/N ratio}

P

3;:_[]-0

o]

e
B Fgd o 2
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Figure 92. Non—metric multidimensional scaling
(NMDS) ordinations of bacterial community

composition. Correlated and significant
environmental variables were overlaid onto the
NMDS space.

A9 G429 3 AHYE ES NOF 497 g4, vFdLE 34 A3
EF (NCT)olA i 209 & Ao thefAde] "ojxa E4 OTUs (97% A h7F
WHEE B THFig. 93). 24Uy @4US FUlste 10°ColA 20¥€ WY & Al=m
(NC10-d20)ll A &zt = Hol7t ueltstedl, 531 Arthrobacter oryzae OTU (60.0%)<}

MN

!
o
rlr

Microbacteriaceae <ol  &3t= OTU (5.7%)7F ¢3ste A= #AFHIUT NCT10-d20+=
Microbacteriaceae =9l 4:3t= OTU”} 24.5%, Arthrobacter &9 43t= OTU7} 132% % 4
stk o9 AHSH Jls dAFE st +F Heolrl FHs yEhd NC10-d207%
NCT10-d204] &l thsted WEA 5 &4 & g3
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Figure 93. Bacterial community analysis results of microcosm test of Barton
Peninsula soil (C, control, W; water, N; water+nitrogen, NC; water+nitrogen+carbon,
NCT; water+nitrogen+carbon+Trace metal, 4; 4°C, 10; 10°C, 25; 25°C)
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B2 s gAsATh 3 um ©]’e] A=A Nitrogen metabolism, Photosynthesis & ##
H 750l 5 Aoz &2, 1 F Nitrous oxide reductase @ Nitrite reductase ¥
A=l Nitrogen ~ metabolism  Z7MAz1 F8& 8oz  IIFHJL. 53,
Bacterial_light-harvesting_proteinsE©°| 3 um ©]49] A4 Ho & HEE EA5ts S

glst At o] 9el= Anaerobic_respiratory _reductases ¥#H UHF A, Electron transport
complex protein Rnf, sulfate transporter, Acetyl-CoA fermentation to Butyrate, formate
hydrogenylase % NiFe hydrogenase ¥&d FAA=0] 3 um ©]st Algol HIstY £ H&
2 EASte As & StATH (Fig. 103). o] ®Este] 3 um ©|3te] A S| A& coverage %k
< SAREL 3 pm oo ABeA
Beta-mannosidase, Isocitrate lyase &3 #Z& T3 carbohydrate metabolism ## 7]5E0°]

AU (Fig. 103).

HAEA %= 1,3-propanediol  dehydrogenase,
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Ammonia_assimilaton 1308
Denanfcaton 544
Nerogen Metaboksm 780
Neric_oide_synthase 1180
Nerogen_fomton 241
Niroeatne gress 3172
Mkyohozphonate_utizmton 062
High_afinity phosphate_ransporer and_control of PHO requlon 484
Frosphores Metabolism Phosphate_metabolsm 7113
P ipyuate_phosphomuta 413
Phosphonate_metabolism 1 25
Bz _light-hanesing_ proteins 1461 03
Bacteriothodopsin 0.00
Chiorosome 000
Blioisipihiss Photosyetem_| 39
Phaotosyetem_| 186
Phy tem_|Hype_photosynthetic._reaction_center 628 015
Ph 0.00 382
Pre 413 149
Gi gulated_pomssaum-efux sywem_and_assocated_funcions 76.29 4318
Potassium metabolism Hyerozmotic_potassium_upizke 4707 3050
Potassum_homeostasis 7458 4173
Hkanesulionate_assmlason 2688 1688
Akanesulionates_ Udizmtion 192 107
DMSP_breakdowm 0.00 180
Galaciosyceramide_and_Sufatde_metaboliem 18. 4\. 2805
c_Sulfur_fesimilation 234 508
Sulfur Metabolism _Uptake_and_Metzbobam 5.’.}5 478
Suifate_reduction-zssociated_complexes 16.76 1454
Suifur_oxdafion 1259 503
T zunre_|kiizmaon 265 245
T hicredosn-dis reductase 4697 5376
Usiation_of glutathions_ac 3 sulphur source 248 3148

Figure 103. Comparative analysis between samples by gene
category. 3MA (above 3 um-size fraction filter), 3MB (0.2 u
m — 3 um size fraction)
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S5 432 3R A3, AF ARER A2 79
e o HhE WE Bkl Asts BF drFelA 17) K (new Family) 7+ 3

Mol E= 21 (new Species) FHF 1

o g5 AIFd "k #Ao] FH o R FUhste] 1960 dTH 4000%, 2010

8000%F0] Z1AH L glov, $euete] A dF AFe deelo} 14T, T

HFFE 4F T 18F°] AFY

o FA EY HuF9 7§ Foissner (1996)7} 61F 5 1702 A3 1719
Qe ASS BES F O FA ARFe] AT AW guUgon B Aol

A Re FRPEL G 155U MeAel BE

o MEZF 22 HAYYAEESS Bio-indicator® Attt e A

A= oWl Aol LAY F= AFFTS £X HHd HIE

ARG SFRUHG F857 ol8d & AL A

yre
: '
* ﬂf ‘
3 -_-l s ‘-
L
Notohymena n. sp. Keronopsis n. sp.
Urosomolida n. sp.
<HlEWt=ol M AP HESF AF FEITS>
o Morphology and molecular phylogeny of a new soil ciliate, Nofohymena
n. sp. (Ciliophora, Oxytrichidae), from King George Island / Acta

e Protozoologica (3 &H %)

©A New freshwater Ciliate, Urosomoida nov. spec. (Ciliophora,
Oxytrichidae) from King George Island / Acta Protozoologica (%1l
20 %)
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2014. 8. 2ZM;WE, SCAR OSC, Use of high-throughput sequencing in
understanding Antarctic microbial communities

2014. 8. W=, IMC10 (5 AI+38t3]), Development of fungal LSU sequence database
and application to lichen microbiome studies

2014. 5. i, Bioinformatics Effort to Better Understand Microbial Community
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-1100 ; v =
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O Paraholostica muscicola (Polar science, 2015, Jung et al.)
O Patchy-distributed ciliate (Protozoa) diversity of eight polar communities
as determined by 454 amplicon pyrosequencing (Animal Cells and
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o Urosonoida sgongensis (Zootaxa, 2015, Jung et al.)
O Anteholosticha rectangula (Acta protozoologica, 2 A %, Jung et al.)

o Pseudonotohymena antarctica (Journal of Eukaryotic Microbiology, FiL ¢
A, Park et al.)
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