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1 Curriculum vitae

Dr. COLIN SUMMERHAYES

Present Appointment (since April 1st 2004)
Executive Director, Scientific Committee on Antarctic Research (SCAR), Scott Polar research Institute,
Cambridge UK; 3 staff; budget $700,000; also Member of Scott Polar Research Institute

Previous Appointments

1997-2004:DirectorGlobalOceanObservingSystem(GOOS)ProjectOffice, IntergovernmentalOceanographicCo
mmission,UNESCO,Paris.17staff;budget$2million(andMember,SeniorManagementTeamforlOCofUNESCO)
1995-1997: Deputy Director, Southampton Oceanography Centre (1000 staff and students). Head of
Seafloor Processes Division. 35 staff; budget £5 million fec.

1988-1995: Director, Institute of Oceanographic Sciences, Wormley, Personal research: upwelling and
upwelling history. 200 staff; budget £17 million fec.

1985-1988:  Manager and Senior Research Associate, Stratigraphy Branch, BP Research Centre.
Responsible for Paleoevironmental Research, Biostratigraphy, Computer Geology, Regional
Geology/Plate Tectonic Reconstructions. Staff = 60; budget = £5 million cash.

1982-1985:  Research Associate/Project Leader: =~ Global Paleoreconstruction Section, Stratigraphy
Branch, BP Research Centre. Responsible for same topics as above, excluding biostratigraphy. 12-man
project; budget £0.5 million cash.

1976-1982: Research Associate/Project Leader; Geochemistry Branch, Exxon Production Research
Centre, Houston. Research on formation of organic rich sediment and source rock prediction. 12-man
project; budget $1 million cash.

1972-1976:  Assistant Scientist: ~ Geology and Geophysics Dept., Woods Hole Oceanographic
Institution. Research on climatic controls on sedimentation (NW Africa, Brazil, Egypt, US margins)
1970-1972:  Senior Scientific Officer, CSIR, Marine Geoscience Unit, University of Cape Town.
Research on geology and resources of Benguela upwelling system.

1967-1970: Research Assistant, Geology Department, Imperial College, London. Research on geology
and resources of upwelling systems of NW Africa.

1964-1967:  Scientific Officer, DSIR, NZ Oceanographic Institute, Wellington, New Zealand. Research
on seabed sediments, morphology, resources and structure.

Previous External Appointments (unpaid)

Visiting Professor, University College, London University (1987-1995)
Associate Fellow, Oceanography Department, Southampton University (1995-1997)

Academic Qualifications

Chartered Geologist: (1995-present)

Chartered Marine Scientist: (2004-present)

DSc: Geology: Victoria University of Wellington, New Zealand 1986.
PhD: Applied Geochemistry: Imperial College, London, 1970
Diploma of Imperial College: Geochemistry, 1970
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Antarctic Climate Change

Melting Ice — Rising Seas

by Br Colln Summerhayes

Scott Polar ResearchIinstitute, Cambridge

Agenda

# The past (data from ice cores)
# The present (data from instruments - since IGY 1957-58)
# The future (data from numerical climate models — to 2100)

#* Implications (effect ice melt on the rest of the world)



The Past

The ice age - 2.6 Ma to present
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cold
Mote recent cooling trend Mext glacial begins

*  Glacial (cold) periods come and go driven by tiny, natural variations in
solar radiation controlled by small regularand predictable changes in the
Earth’s arbit and the tilt of the Earth's axis;

*  We are now living in an “interglacial”, one of the short warm periods of
theice age —likely to last =zome 50,000 years;

*  [Duringcold times, ice sheets form and sea level may fall by -120m;

*  Duringwarm “interglacial” periods, ice sheets melt and sea level may rise
to 6-2m above today's level.
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Vostok (3488m) is higher, more centraland so and colder than Dome C (3233m)
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Matching ice core CO; to modern atmospheric CO,
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Age (Year AD)
=20 ppmv increase in past 11 yvears,; fastestrate of past deglaciations was
20ppmv in 1000 years; we are out of the range of the past 800,000 years
¥Rising CO, must force T C to rise (basic physics)
=Could this CO, rise be natural? Mo
Walral s, 2010



Matching ice core CO; to modern atmospheric CO,

ars
Law Dome (Etheridge et al, 1996)
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=20 ppmv increase in past 11 years; fastest rate of past deglaciations was
20ppmv in 1000 years; we are out of the range of the past 800,000 years

¥Rising CO, must force T C to rise (basic physics)

=Could this CO, rise be natural? Mo

Woatal, 2010

The Present



Why does the Continent cool while the
Peninsula warms?7?7??

1. Change in mean ' 3.Warm air is brought
annual Temp.* C " in from the north by
(1969-2000) ' . Amurrdser_t Sea Lmnr;_

[Thampsan 301 Ssaman 2007) melts sea ice and brings

more snow

i.!!iHEHHiHHIiF‘-
t e N T
T L
. * K Lhst] Rhe -
2. Airwarms gt ——a

+ I
0.53" Cldecade at LA
Faraday/Vernadsky *
since 1930.

102" Cldecade
inwinter] = ——3 I X

Correlates with 5
decrease in sea ice :

Response of Antarctic Peninsula glaciers to
warming and increased snowfall

244 glaciers : 37% have retreated over last Sy

Sodkaal 2, 2005



Winds driven by Ozone Hole
shield Antarctica from global warming

1.0zone hole strengthens stratospheric winds, which propagate down to
the surface;
2. Warm surface winds are now strong encugh in summer
and autumn tocross the mountains of the peninsula;
3. There they melted the Larsen B ice shelf.

N
v

4

A |

4. This strengthening of the ‘normal’ surface | Crangsin maan
winds helps to keep East Antarctica cold ] ! -:f;g_;’-:g o

Seasonal Change in Sea Ice
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Ozone Hole makes seaice grow;
Winds cause regional changes

dervemad lwa i Bilean bea e Dnlenl
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ny - Increased 1% /decade

“Beaice extent
l - % change/decade
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T ]

mundsen Sea Low, drives ice development especially in autamn
Exacerbated by the ozone hole
@ (keaps Antarctic cool and strengthenswinds in late summoer, autumn)

Turner 2t = 2002

Antarctic seaice grows while Arcticseaice shrinks
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= i :
iz j '+ Decesss 2decads (Marc |
1 G S RMdacada | Sept); 1979-2008 |
SigjEgiggijgaans = -
Arctic has no shielding wall of wind, and easy access E

@ by warm water and warmm wind from the south
IASC
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Influence of El Nifio on Antarctica — local periodic warming

Weddell Sas

Bellingshausen Sea

Amundson Sea

Ross Sen

W i N3z g ovAmag asiaarinvanarcicaantancic 30402 capton. mmi

The Link to El Nino

Upper Tropospheric Height
Anomalies Associated with
El Nifio Events

Rossby Wave connection

Tropical warming signal
Is transported to
Antarctica (and Alaska)
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Southern Ocean is Warming

L]

Southern Ocean fronts moved south by 17
aswinds strengthened and moved south

[LAL

[ L]

{LIE LY

Ccean heat moves closer to ice shelves; dries W Australia A £l L 0 o
and drops more snow on Antarctic coast ek Gl e (5

Sokolov & Rintoul, 2000 Saing = 3 008

Warm ocean
melts Pine
Island Glacier
from beneath

Upwelling Circumpolar
Deep Water is warmer

than 1= C '
= —
Afiar maimear 2 311958 sk
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Amundsen Sea Embayment is Losing Ice

FlG moving at 10m/day at the grounding line =753 rate increase since 1570
r 1 miday

TR

2.5miday

T mfday
10 m/day

N

Fine Island Glacier| -

i
\

[Rate of loss of
3555 ingreasing.
A1 ITGtyr- same as
IGreeniand

oy

= e

Thinning rates

DRS00 o O L .
— = - : :
@ I 250 SO0kM - -'?m‘w |

The Future
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The Air Warms

Projected
temperature
increases
2000-2100;
assuming
ozone retums
to normal;
will not meit
E. Antarctica

~ 9 ol oRNOHENNGs - c/cec

3.4% Cby 2100 - from weighted average of 19 climate models basedon 2 x CO,

When the ozone hole has gone, the ocean will warm and sea
ice will shrink

2:33% decrease in the fraction
of ocean covered by sea ice

g} gj

1.0ceanwarming:

smaller than in air due to higher
heat capacity of the ocean

Summern: 0.6to 1.0° Cwarmer
south of 60° S

Winter: similarto tod
IMPLIC ATION ! 4 :

1. Warmer cceanwillmelt = ,iﬁ._.
ice sheets from beneath; L
2. 5ea level will rise;

Spring, ¥ON

Cautionary note —all these
astimates have wide errorbars
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Population shifts in relation to warming

E
E
i
a
[
]
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& i " a
{501 1=n temp i LY Nn e OO0 e

Maore snowfall buries early nesting Adélies; less sea ice removes their food

@ MCRmock 2008

Less sea ice means fewer krill —the base of the food chain

a3
[y

L ,.,*‘ =
1 L)
| WF, i . .
Ty, - As krill decrease, salps increase
3 (e
z W

=]

ks = =z = Az

Change per decade

B erinerae cacrannn
I:I ug ko bwzfok cecrasiae
[ Jiwawman 2% changs
I:Iu; tz mwofekc incram Ie
[ [,

Danslty (no, m-2]
&
L
"h“‘ﬁ
-
-”:J.
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Global Implication 1 - drought vs flood)
2080-2099

0504 -03 02-01 0 01 02 03 04 05
Annual Mean Precipitation Change (mm/day)
Relative to 1980-99 IPCC WG-1, 2007

Global Implication 2 - Melting ice raises sea level

% 1.4 mmax projectiorn from Rahmstorfmodel (2007); ___ ——= 1
# Daily rise (1.5cmiyr) - Not a tsunami

# A 'creeping catastrophe” forthet5lmillion Feople who

live within 1m of sea level . g

IEurf\ént table= 3.I4mm.fly\r
e i IPCC add-on
3 ]
i by
1.l IPCC original
i

*significant effect on coastal megacities and offshore platforms;
*Need coastal engineering solutions.

@ Crrchal 2., 2008
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Melting ice — rising seas: -
will coastal megacities cope? Incheon?

Redesign Barrier to
withstand2m rise T 1 metre
sea level

rise
NW Europe

London — estimated bill for one flood: £30bn = 2% of GDP

Mo matter where you live, Antarctica will affect you!
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Family Ulvaceae
Entroporpha bulbosa (Suhr) Montagne
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Ulva lactica Linnaeus

Family Acrosiphoniaceae
Acrosiphonia pacifica (Montagne)

Urospora penicilliformis (Roth)

Monostroma antartica

Acrosiphonia arcta

zz
Family Ectocarpaceae

Geminocarpus geminatus (J.D. Hooker and

Family Desmarestiaceae

Desmarestia anceps Montagne
Desmarestia chordalis Hooker and Harvey
Desmarestia ligulata (Lightfoot) Lamouroux
Desmarestia menziesii J. Agardh

Phaeures antarcticus Skottsberg

Family Punctariaceae

Adenocystis utricularis (Bory)

Family Ascoseiraceae

Ascoseira mirabilis Skottsberg

Famiy Fucaceae
Cystophaera jacquinotii (Montagne)

=

Family Bonnemaisoniaceae

Harvey) Skottsberg

_25_



Delisea pulcgra (Greville) Montagne

Family Plocamiaceae

Plocamium cartilagineum (Hudson) Lyngbye

Family Gigartinaceae
Gigartina papillosa (Bory) Setchell and Gardner
Iridaea obovata Kutzing

Iridaea cordata

Family Rhodymeniaceae

Leptosomia simplex (A. and E.S. Gepp) Kylin

Family Cetamiaceae
Ballia callitricha (C. Agardh) Kutzing

Georgiella confluens (Reinsch) Kylin

Family Delesseriaceae
Myriogramme manini (Gain) Skottsberg

Porphyra endiviifolium

3 48

Deschampia antarctica

A 97
Usnea antarctica
Usnea fasciata

Buellia frigata

Z0) AR w2 S8 84 Calaplaca spp., Rinodina spp., Candelariella spp. A / &<t
/\]-‘34_ Usnea spp., Al Umbilicaria spp., Rinodina spp., Buellia sp., Cladonia sp. |/ %A
Umbilicaria sp. A, A AzZ3 AE Usnea antarctica, Usnea fasciata X I3, /N&7}

Rinodina sp. YWY Buellia frigata, Umbilicaria sp. 37 XAA FW Usnea spp., Xanthoria
spp.)

(Z=0 A, w5

spp., Grimmia sp.)

fu
)
o
ox
=
do

A Bryum spp. Pottia spp. A / B FH M7} Bryum

Marian Cove®] —]%%
32F 5, 275 ¥ ‘ﬁL:_{:
=3l T A S

E (=3 FA T4, 1988)
RAHARZF 425 FRAARZHF 1£%, Thalassiosira tumida 73 - &

¥ (circumpolar distribution) &F.

Hm

TEF

Thalassiosira tumida
Brddulphia striata
Eucampia balauatium
Chaetoceros socialis

Chaetoceros tortissimus
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Marian Cove$ Maxwell Bay9 ZEZHIE (
Marian Cove? ZHIZ-t}43 274
Bay 79 35, F39-Alols, A7 &4

LX P
Euphausia superba
Euphausia crystallorophias

Th_VS&HOG’SéZ macrura

Ak
Salpa thompaoni
Ihlea racovitzai

| A}
Notothenia kempi
harpagifer dispinis

1989
HhERtEe] E7) (3, 1989)

EMe] B¥, H2AY, Southern Elephant Sealo] 7F4 o] uwbA =,

4%

EANF

Mirounga leonina Southern Elephant Seal
Leptonychotes weddelli Weddell Seal

Arctocephalus gazella Antarctic Fur Seal

Hydrurga leptonyx Leppard Seal

Maxwell Bay 2 E&ZF3E (], 1989)

22%F %5, Chaetoceros socialis®} Thalassiosira tumida $-%

Thalassiosira tumida
Chaetoceros socialis
Chaetoceros tortissimus
Rhizosolenia alata
Rhizosolenia chunii
Nitzschia delicatissima
Odontella weissflogii
Licmophora abbreviata

Corethron criophylum

Maxwell Bay®} Marian Coved ZEZHIE (73 o], 1989)

Cyclopoid 8777} ¢ ¢&.

Maxwell Bay9] AAX&E X (7, 1989)

it

3 / Maxwell



MR HolFo} AnE7AEF A4, King George Island® Scotia

Continental Antarctic Regiond (Dell, 1972).

Maldane sarsi antarctica
Potamilla antarctica
Nicomache lumnricalis
Pista spinifera

Neoamphitrite affinis antarctica

Maxwell Bay 3|44 & EX4 (A, 1989)
HEZAY, 36%F, 33%7F B

=z
Family Monostromataceae & 3}2j 3}

Monostroma hariotii Gain

Family Ulvaceae Z3}ejz}
Entroporpha bulbosa (Suhr) Montagne

Family Acrosiphoniaceae %Z¥ 21}
Acrosiphonia pacifica (Montagne)

Urospora penicilliformis (Roth)

R ¥ 3
Family Phaeosaccionaceae

Antarctosaccion applanatum (Gain) Delepine

azx
Family Ectocarpaceae <43}

Geminocarpus geminatus (J.D. Hooker and Harvey) Skottsberg

Family Punctariaceae %" 92]3}
Adenocystis utricularis (Bory) Skottsberg
Utriculidium durvillaei (Bory) Skottsberg

Family Desmarestiaceae A&}
Desmarestia anceps Montagne
Desmarestia chordalis Hooker and Harvey
Desmarestia ligulata (Lightfoot) Lamouroux
Desmarestia menziesii J. Agardh

Phaeures antarcticus Skottsberg

Family Himantothallaceae

Phyllogigas grandifolius (A and E.S. Gepp) Zinova

Family Ascoseiraceae

Ascoseira mirabilis Skottsberg

Famiy Fucaceae
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Cystophaera jacquinotii (Montagne)

=
Family Bangiaceae 7 3}23}
Porphyra endiviifolium (A and E.S. Gepp) Chamberlain

Family Plocamiaceae #<o°]3f

Plocamium cartilagineum (Hudson) Lyngbye

Family Gracilariaceae AA] & 7] 3}

Curdiea racovitzae Hariot

Family Phyllophoracea -4z}
Gymnogongrus antarcticus Skottsberg

Kallymenia antarctica Hariot

Family Gigartinaceae E7FAF2] 3
Gigartina papillosa (Bory) Setchell and Gardner
Iridaea obovata Kutzing

[ridaea cordata Bory

Family Rhodymeniaceae #3x]3}

Leptosomia simplex (A. and E.S. Gepp) Kylin

Family Cetamiaceae H|©Z3}
Antarcticothamnion polysporum Moe and Silva
Ballia callitricha (C. Agardh) Kutzing

Georgiella confluens (Reinsch) Kylin

Family Delesseriaceae X.2}9l 3}
Myriogramme mangini (Gain) Skottsberg

Pantoneura plocamioides Kylin

Family Rhodomelaceae "7+7 % o]}

Picconiella plumosa (Kylin)

Maxwell Bay A& w27/ (A, 1989)

sol HA = - A47] 771, 39F T Nitzschia £°] F3 g

Achnanthes groenlandica (Cleve) Grunow
Actinocyclus actinochilus (Ehr.) Simonsen
Actinocyclus curvatulus Janish
Astromphalus parvulus Kasten

Coconeis costata Gregory

Coscinodiscus rothii (Ehr.) Simonsen
Coscinodiscus stellaris Roper

Entopyila ocellata

Eucampia antarctica (Castracane)
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Navicula directa (W. Smith)
Navicula var. javanica Cleve
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Odontella

Pseudogomphonema groenlandicum (Ost.) Medlin

curta (Heurck) Hasle
kergulensis (O'Meara) Hasle
obliguecostata (V. Heurck) Hasle
ritscheri (Heurck) Hasle
rhombica

separanda (Heurck) Hasle
sublinearis (Heurck) Hasle

weisstlogii (Jan.) Grunow

Thalassiosira antarctica Comber

Thalassiosira gracilis (Karsten) Hustedt
Thalassiosira gracilis var. expecta Fryxell and Hasle
Thalassiosira leptopus (Grun.) Hasle

Thachyneis aspera (Ehr.) Cleve

1990
Bi2dE Y

w2 glgko]

o AEZTFIE (37 A, 1990)

o] A& (11,056 cells/)S YERH L,
Chaetoceros socialis

Chaetoceros neglectus

Porosira glacialis

Rhizosolenia hebetata f. semispina

PpdAEE F{YY SEZSFHIE (5, 1990)
29 vl e 187 B5F+F, Salpa®l [lhlea racovitzai®:

Chaetognatha

Eukrohnia hamata

Copepoda

Calnoides acutus
Clausocalanus laticeps
Ctenocalanus vanus
Metridia gerlacher
Oithona frigida
Oithona similis
Oncaea antarctica

Rhincalanus gigas

Amphipoda
Cyllopus magellanicus

Themisto gaudichaudii

Euphausia

Euphausia superba
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Salpa
lhlea megalhanica

[hlea racovitzar

F (3 5, 1990)

e
54 YA ¥} FAL Fx£7F Leptpsomia simplex ‘50| 737E.
Leptpsomia simplex
Enteromorpha bulbosa

Urospora penicilliformis

Adenocystis utricularis

[o]
in
Fo] AT M2 ZF 7F Chinstrap Penguin® FHt] Fto] &ols.

Order Spheniscidae

Pygoscelis papua Gentoo Penguin
Pygoscelis antarctica Chinstrap Penguin
Pygoscelis adeliae Adelie Penguin

Eudyptes chrysolophus

Order Procellariidae

Macronectes giganteus Southern Giant Petrel
Daption capense Pintados Petrel
Oceanites oceanicus Wilson's Storm Petrel

Order Laridae

Larus dominicanus Kelp Gull
Catharacta antarctica Antarctic Skua
Sterna vittata Antarctic Tern

Order Phalacrocoracidae

Phalacrocorax atriceps Imperial Shag

Order Chionididae

Chionis alba Sheathbill

1991

BT P AEITFIE (H 5, 1991)

waduke 2 EA HERF (phytoflagellate)e] dAEHL 21, F2F= 7MY =92 - Porosira

glacialis, Thalassiosira antarctica’} 37}

NEH BEF

Phaeocystis pouchetti

e

Chaetoceros socialis Lauder
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Porosira glacialis (Grunow) Jorgensen

Thalassiosira antarctica Comber

g9 AMAE - TAZAF (F, 1991)
W Adukyl AR AEX]E A o2 Antarctic Region® Continental Antarctic Division®l] <3}

w, Ao wgEe) wEe] g e,

(7, 1991)

959 dAFTE - EEEA
B9 3BT (circum-Antarctic) 3t HOE FA, 268=0] 180m ©|Alo] A2

309€ Hil, AAE
she Alalarel.

G54E R HF S9F EX - FXA (B, 1991

OEFe 4 AMEEL, 457 B3 (Hartman, 1966), 1559 H|Fo] x2S

/ FI5E T AAF 44F, 66%7F F-obgT LHFTY., BVMAElF 166%, circumpolar w3,
A E7AbE e &3 E= o, iésﬂ SolA FAMNF 1/3 AEE AAF, 52% (Fell et al.,
1969), ®x 3k Ag L. vludE{ 5%, circumpolar ®¥3; SiAF 38%F, 58% 1LGF, T &

a7} v efgh,

g =o]F Notothenioidei o}=9 AE 54 - EIFA (I 5,1991)
= o]F 203F, AEHo] /M E BEFT - ¥ 17 Notothenioidei o}&, AA&E=7F =9, 2}
Yoz &8 7teAol A

1992

HZAA Q] ulgetAgd XAstE o|wslF Laternula elliptica®] biodeposition ¥4z} oo AE| A
9]9] (g}, 1992)

L. elliptica= ‘&= AF | FoNA Y FFoA F7]8a Fol TaF Jeto] e AMsE
o] FFol AA 7143

o

™
=

FHAENE x99 H2 B 2, 1992)
BaAe] Wadns FHoR FHEAS PR HRY - H2F 5F, FUEF 1F, TRF 12
% 5 18% /A BE 54 /16,

w2
Family Ulotricaceae ==}

Ulothrix australis Gain

Family Monostromataceae &3} 3}

Monostroma hariotii Gain

Family Ulvaceae Z-3}2)]3}
Entroporpha bulbosa (Suhr) Montagne

Family Acrosiphoniaceae =€ ¢ 3}
Acrosiphonia pacifica (Montagne)

Urospora penicilliformis (Roth) Areschoug

gz
Family Phaeosaccionaceae
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Antarctosaccion applanatum (Gain) Delepine

zzx
Family Ectocarpaceae <H ¥}

Geminocarpus geminatus (J.D. Hooker and Harvey) Skottsberg

Family Desmarestiaceae A% 3}

Desmarestia anceps Montagne

Desmarestia antarctica Moe and Silva

Desmarestia cordalis Hooker and Harvey

Desmarestia menziesii J. Agardh

Himantothallus grandifolius (A. and E.S. Gepp) Moe and Silva
Phaeures antarcticus Skottsberg

Family Punctariaceae % w943
Adenocystis utricularis (Bory) Skottsberg
Utriculidium durvillaei (Bory) Skottsberg

Family Ascoseiraceae

Ascoseira mirabilis Skottsberg

Famiy Fucaceae S5713%

Cystophaera jacquinotii (Montagne) Skottsberg

AE7A 9 A7} AR AARE (o], 1992)
MHERLE V) 597 AN AN AR 24% 42F, AHR 4% 650 REE . AdF Tl

Y Usnea fasciata - Himantormia a-38°] $4.

A 9% (Lichens)
FR A 2] F (Fruticose)
Alectoria minuscula, Bacidia stipata, Bryoria chalibeiformis, Cornicularia aculeata, Himantormia

lugubris, Lecania brialmontii, Pseudephede pubescens, Ramalina terebrata, Sphaerophorus

globosus, Stereocaulon alpinum, Usnea antarctica, Usnea fasciata, Usnea sulphurea

A4A)HF (Foliose)

Candelarilla antarctica, Gladonia metacorallifera, Hypogymnia lugubris, Leptogium puberulum,
Mastodia tesselata, Microglaena antarctica, Pannaria hookeri, Parmelia saxatillis, Physcia caesia,
Physcia dubia, Physconia muscigena, Psoroma hypnorum, Umbilicaria antarctica, Xanthoria
elegans

3297 (Crustose)
Acarospora macrocyclos, Buellia anisomera, Buellia cladocarpiza, Buellia coniops,

Buellia frigida, Buellia russa, Buellia subpedicillata, Caloplaca regalis, Catillaria orymbosa,
Lecidea  sciatrapha,  Placopsis  contourtuplicata,  Rhizocarpon  geographicum,  Khizoplaca
aspidophora, Kinodina petermanii, Ochrolechia antarctica

AHF (Bryophytes)

Bryum amblydon, Bryum pseudotriquetrum, Celatodon purpureus, Grimmia lawiana, Pottia
_ 33 —



austro-georgia, Pottia hermir

MNZE7|A FHe o|F, Notothenia neglecta A5 (A7 &, 1992)
AE71A FHol AAete= iAo/, N neglectas X893t FH 54& A

1993
rhE|dante] AMEFETH F2 Hold (¢ 5, 1993)

2t &
X AMAE Laternula elliptica® ®olQl %5 AMTZF7F 33

FAxs Y o|wls] Laternula elliptica®l A€ (¢F, 1993)
L. elliptica®l A&ZA% A3}, 1143 ol AAsleE AL 3ol

Hadate] 23 HE2F AH (F 5, 1993)
7Z1uketo] MAEtE A E ZERF Desmarestia menziesii®t Himantothallus grandifolius®] A
A A= 66.8%5 AAstaL, 71d Aol T2 AEF 243 27 39S 715

4 (1989)°ll YEFA] &2 45

Desmarestia antarctica Moe and Silva
(Himantothallus grandifolius =

Phyllogigas granditolius (A and E.S. Gepp) Zinova ?)
Lithothamnion granuliferum Foslie

Gigartina skottsbergii Setchell and Gardner

Antarctocolax lambii Skottsberg

WAdute] Sz X (L, 1993)
Ol A Gol A 42F L 3l Al 7FA] 713 3 (rocky type, muddy type, mixed type)olld &3
oA AEHF 71 FHS S8 o5& FoF

A (1989)°l gl sEF 14F (»)
=Z
Family Ulotricaceae =Z23}

x Ulothrix australis Gain FA 2=

Family Monostromataceae & 3}2j 3}

Monostroma hariotii Gain T Y3}

Family Ulvaceae Z-3}ej 3
Entroporpha bulbosa (Suhr) Montagne &3 < 3}gj

Family Acrosiphoniaceae ZZ49 %3}
Acrosiphonia pacifica (Montagne)

Urospora penicilliformis (Roth) Areschoug =9

Family Derbesiaceae %1213}

x Lambia antarctica (Skottsberg) Delepine ‘F=rt}ubal

gz
—_ 34 —



Family Phaeosaccionaceae FE&FoU o3}

Antarctosaccion applanatum (Gain) Delepine Y%y

a4z
Family Ectocarpaceae <H¥ 3}

Geminocarpus geminatus (J.D. Hooker and Harvey) Skottsberg °o}7]|Z1&HE

Family Elachistaceae R A}u+Ew}

Elachista antarctica Skottsberg W= EAHIE

Family Desmarestiaceae 223}

Desmarestia anceps Montagne ol IES gy
Desmarestia chordalis Hooker and Harvey W&7FA|4bd
Desmarestia ligulata (Lightfoot) Lamouroux 544
Desmarestia menziesii J. Agardh 3] Zg|2bd
Desmarestia willii J. Agardh > ol gy
Himantothallus grandifolius (A. and E.S. Gepp) Moe and Silva Sy =22

Phaeures antarcticus Skottsberg @=H e

Family Punctariaceae %7 94]3}

Adenocystis utricularis (Bory) Skottsberg  FH U4 A}F

Family Ascoseiraceae 745 A A 2
Ascoseira mirabilis Skottsberg ~Elg|7}=A A &

Famiy Fucaceae 5712

Cystophaera jacquinotii (Montagne) Skottsberg = “Z7] U= Z At

Family Lessoniaceae  Z-#]7 ez}

Lessonia flavicans Bory w22 7

Family Durvillacaceae EWH&d o)

Durvillaea antarctica (Chanisso) Hariot YWSEHE&W
=

Family Bangiaceae 7 3}e]3}

Porphyra endiviifolium (A and E.S. Gepp) Chamberlain HAE7]

Family Corallinaceae Atz @3}

Synarthrophyton patena (J.D. Hooker and Harvey) Townsend 3 334H=

Family Kallymeniaceae &2}

flo
10,

Callophyllis linguata Kylin and Skottsberg  ZtA| &

Y

Kallymenia antarctica Hariot @& wu]

Family Plocamiaceae #<°|3

ol

Plocamium cartilagineum (L.) Dixon #7835 <0]

Family Phyllophoracea 34t}
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* Phyllophora ahnfeltioides Skottsberg @& E=2A]7]
Family Gigartinaceae E7FAF2] 3
% (Gigartina skottsbergii Setchell and Gardner =E7}A1¢E]

Iridaea obovata Kutzing S8 @<

Family Rhodymeniaceae &3 x]3}

* Palmaria decipiens (Reinsch) Ricker AFEET&

Family Cetamiaceae B|@Z3}

Antarcticothamnion polysporum Moe and Silva Q. UH|gH7]1&
Ballia callitricha (C. Agardh) Kutzing A7) 74 A =
Georgiella confluens (Reinsch) Kylin FAR A RE AT

Family Delesseriaceae X.2}9l 3}
x Delesseria lancifolia (J.D. Hooker) J. Agardh ®HZxH g}l
Myriogramme mangini (Gain) Skottsberg A8 2-9)

Pantoneura plocamioides Kylin HTEA A -

=)

Family Rhodomelaceae 7+ % 0]

Picconiella plumosa (Kylin) HEER AT

g9 A FBES AAE (A F, 1993)

T AM FATE GlHs=2 9J97) 1757, 7 M9 ddES &89

A|Z71A FR 9 Notothenia neglecta WA+ ZAF (A3 A, 1993)

G N neglecta MA T, ETAZFEL FAG] AT 3 o =2 FAAAE e
AF71A FHAA AY3= FA 2F (AF A, 1993)

T F AW WA e E AL AAERPAL oA sk 146wk, AlFAe 1.32vkeE A4
GAZA] F5, AFEA A o wEA Gt

1994

Hxdq 27 AE (¢ 5, 1994)
54%F (18 W&A &), i3 AAMFRFA. 25X FdA Ho] 45 AXT2FY FAHE]
At (98% o)At T AT = 20%), Synedra spp., Achnanthes brevipes var. angustata,
So| 4

USL'

A
Licmophora spp. TG
H(1989)°l §l= & 29F
Achnanthes brevipes var. angustata (Cleve) Kobayashi
Amphiprora paludosa Wm. Smith
Amphora ovalis (Kutzing) Kutzing
Brddulphia anthropomorpha Van Heurck
Cocconeils costata var. kerguelensis (Petit) Cleve
Cocconeis fasciolata (Ehrenberg) Brown
Cocconeis illustris Schmidt
Corethron criophilum Castracane
Coscinodiscus centralis Ehrenberg

Coscinodiscus oculoides Karsten
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Cylindrotheca closterium (Ehrenberg) Reimann
Dactylisolen antarcticus

Fragilariopsis curta (Van Heurck) Hustedt
Fragilariopsis kerguelensis (O'Meara) Hustedt
Fragilariopsis pseudonana

Grammatophora arcuata Ehrenberg

Isthmia nervosa

Licmophora decora Heiden and Kolbe
Licmophora kamtschatica Grunow in Van Heurck
Licmophora luxuriosa Heiden and Kolbe
Melosira sol (Ehrenberg) Kutzing
Pseudonitzschia heimi (Manguin) Hasles
Pseudogomphonema kamtschaticum

Pinnularia quatratareoides Heiden and Kolbe
Striatella microtrias (Ehrenberg) Hasle and Sims
Synedra kerguelensis Heiden and Kolbe
Thalassiosira poroseriata (Ramsfjell) hasle
Thalassiosira scotia Fryxell

Thalassiothrix antarctica (Schimper) Kartsten

WA Agke] AAFE4 (Chae et al.,, 1994)

23%F By (F7HA s4€E T2 209).

gus

Family Ischnochitonidae
Tonicina zschaui (Pfeffer)
32F (LFH)

Family Trochidae

Margarites antarctica (Lamy)

Family Cerithiopsidae

Clathropsis mellita Laseron

Family Muricidae
Trophon minutus Strebel

Trophon brevispira Martens

Family Buccinidae

Neobuccinum eatoni (Smith)

Prosipho hedleyi Powell

Prosipho crassicostatus (Melvill and Standen)

Proneptunea rufa Oliver and Picken

Family Volutidae

Harpovoluta charcoti (Lamy)

SEEENEEL

Family Sareptidae
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Yoldia (Aequiyoldia) eightsi (Couthouy in Jay)

Family Philobryidae

Phylobrya sublaevis Pelseneer

Phylobrya wandelensis Lamy

Adacnarca nitens Pelseneer

Lissarca notorcadensis Melvill and Standen

Lissarca miliaris (Philippi)

Family Limidae
Limatula (Antarctolima) ovalis (Thiele)

Limatula (Antarctolima) pygmaea (Philippi)

Family Cyamiidae

Cyamiomactra laminifera (Lamy)

Family Laternulidae

Laternula elliptica (King and Broderip)

HENEe] JIAEY JA9 FdT A 2, 1994)

5-10mellA] =2 &5

1995
1994 1% ““"%E’}-‘ﬂ ASHE (& 5, 1995)

Waduto] AR EEA (Chae et al., 1995)

31 - W 1%, 757 18, ofwidllF 12%=

Chae et al. (1994)o] R ¥A] ¢ F 3F
BEEHF (IFH)
Family Patellidae

Nacella concinna Strebel

Family Dorididae

Austrodoris kerguelenensis (Berg)

Family Tritoniidae
Tritoniella bellr Elliot

40m ], FFAIZE 20%-120% Abe],

H gk

vl t ATt Laternula elliptica®) ® o] A€l (Ahn, 1995)
1992/1993 stAl, AA A2 =1 olwsiF L. elliptica®l wol] A fx&Fel 1Esta a&

[e] =y 2~ 5 [e] = =
715 o3 A5 F43.

1996
MFE BF 4T F2F 4FE 24 U8

kel

ghikel] F2 Frds

ko] A A, Wk 2 A]

A&

Al



G loste] ARG Axt ol wek A Qo] @t AWH Al met F

Coscinodiscus oculus—iridis
Corethron criophilum
Eucampia antarctica var. recta
Navicula gracilis

Odontella litigiosa

Trigonium arcticum

AZAA Ao NAste G2 Laternula elliptica®] 3+A] HAF (Ahn and Shim, 1996)
L. elliptica™ " °ol&% Wate] W& A& WgtEo] A Fo| EF-3tal, 3tA Ak =i 3|
Aol ojufjuf FE vl wf Ad-Hor R Urofrs

= GHAEsH=TE H2dvte] AAFE (Choe et al.,, 1996)
X ]2

)
Huse Al & 2ete dAsE 26F9 555 Hasta, e o

il
tlo
4z
2

Family Ischnochitonidae 3533}

Tonicina zschaui (Pfeffer) BS&+%

EEHF (1TH)
Family Patellidae Ar72t37) 1}

Margarites antarctica (Lamy) WS35 Z27)

Family Trochidae #¥Wi%3}

Margarites antarctica (Lamy) RFWal%

Family Rissoridae F4&1%53}

Onoba turqueti Lamy) 7[eE&5oUdesls

Family Muricidae 2423}
Trophon minutus Strebel A= u|et1%
1__

Trophon brevispira Martens 7}=2XA]

Family Buccinidae Edi1% 3}

Neobuccinum eatoni (Smith) $FSAAEH IS

Prosipho hedieyi Powell Fig|&# 1%

Prosipho crassicostatus (Melvill and Standen) #=<1g&E# 1%

Proneptunea rufa Oliver and Picken WA 1HE 5

Family Volutidae S&i53

Harpovoluta charcoti (Lamy) Wn&gZ31%

Family Dorididae Z&FTg7idl<o]1}

Margarites antarctica (Lamy) W= 55787]
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Family Tritoniidae o2 o]7i"l<=0]

Margarites antarctica (Lamy) A& 787%5o0]

SEEENEEES
Family Sareptidae ZZ®=Z713}

Yoldia (Aequiyoldia) eightsi (Couthouy in Jay) A&7 X| WM A]Z7)

Family Philobryidae H-x)z713}
Phylobrya sublaevis Pelseneer -2z
Phylobrya wandelensis Lamy 18432
Adacnarca nitens Pelseneer 1|¥
Lissarca notorcadensis Melvill and Standen W &4z

Lissarca miliaris (Philippi) &&EX1=x7)

Family Limidae <]%Z713}
Limatula (Antarctolima) ovalis (Thiele) To=Z7)

Limatula (Antarctolima) pygmaea (Philippl) — AZ &7

Family Kellidae 374 FAME] =703

Pseudokellya cardiformis (Smith) A Z7]& 0]

Family Montacutidae
Mysella charcoti Lamy) <" o]Z7)

Family Cyamiidae

Cyamimactra laminifera (Lamy) %2Z7)

Family Laternulidae W =713}
Laternula elliptica (King and Broderip) 7]A 27|28 Z7)

1997
e ERet A3 (4, 1997)
ojgaorel 66F, FHLAFES] 10T W L URFT (I nHPE BEE GFEAE @
k)
ARt}

2ol 1A HESFAES FFA (Chung et al., 1997)
A FdA 58 Pme Wadrto] A veEld, Hadubg s v
)

old
=2
o
=ity
flo
ot
ot
%
rII
olo
tlo

AT AXEHY dEAFI F71e4 ¢33 (Kang and Shim, 1997)
1994-1997, 3d7F 4 30me AATEH, siF FFolA FTFHE F7]8HE 9 tE frEHo]
a3}

[¢]

a2 kA vAEF BF 2209 Ad W3 (Kang et al., 1997)
1996\, AFH d7]2% -0.861iC - ‘warm year', 95 A7 deol st 5FALE vigh, 24

=

UV-BE oJ&H-Ho| 73 A8 29 (F4 31.97)% 7P i 79 (o 34.46)9 7+

Y4t chl a& nano-sized’} ¢ 52%, net-sized’} 483%% =FA|sta, 11937 1299 3
(A M2 Corethron criophilum, Licmophora spp., Fragilaria spp.)% HBE=S o
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of of 46% AHAF. Fo Bh FFAY.

Corethron criophilum

Phaeocystis antarctica

wAdute] g ZxFo Ad (3, 1997)
1988 F-E 19961 7FA el¥ lFF/E 4459 . Desmarestia spp.?¢ Himantothallus grandifolius
FRAToR A SLTF wE, AAREA A F3l 7)o g

4 (1989)7 < (1993)e] LFERLIA 9he 9%

=z

Prasiola crispa antarctica (Kutzing) Knebel

zz
Alethocladus corymbosus (Dickie) Sauvageau
Desmarestia antarctica Moe and Silva

Utriculidium durvillaei (Bory de Saint-Vincent) Skottsberg

=

Bangia atropurpurea (Roth) C. Agardh
Rhodochorton concrescens Drew
Callophyllis linguata Kylin and Skottsberg
Curdiea racovitzae Hariot

Phyllophora ahnfeltioides Skottsberg

Laternula elliptica®l 3tA A% &=F (= 5, 1997)
Neutal lipid7} phospholipidell B3} 7] 28] o] AZ EPAE 5-25%, & AAW TqFS LijEFs

b wlarsl vhe el

Laternula elliptica B=3u] Z7)

1998
AT s BmE AF7|A FH e BRI ARF AT O (F F, 1998)
AF71A4 FAo AAsks FoFTS ddor B4t & AFZFozA ol&d F U= 74

el A =2 gt

F sl g A9A FPt MAZR 4H 2 gl MXE 9% (F 5, 1998)
ol o mAlxRel w4 Fxo sk AFd, A 4, 4w 5 A=Y,

AzFol mA= ALY IF (3 5, 1998)
Ao o7 sjxzwE v A S AT

GSFA A (Sterechinus neumayern® R3S}t ASEFILE 9x FHEH} HFH743 AHAESH
(biomarker) 71 (o] &5, 1998)
S. neumayeri®] VEZE=g o} FHAx} TrE JAES] FE FHAE vwd Ay AR FAE =9k

S
= .

1999
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A AT g7 gtk G538 JEESFIAEY T8 (F 5, 1999)

G AGAEHAE FASE T8 B Fa9 AEEHAEY] BN AEFT AA] 2eAds A
s},

19981999 H= HAZAA wlE¢tawt 3556 A2ete vAzFY A2 A5 o &9, I
34 9ol W3l (F 5, 1999)

199855 1999d7MA] = Ake 1 &) dl59 &4 Wsle] we} 553 v xFe W b
Hol eSS,

G4 I EF A= X dY I (3 5, 1999)

vl okt A - E F2F Ul Fol] AFAel o] et A T WA zkolE FASH

Georgiella confluens, Iridaea cordata, Pantoneura plocamioides, Pophyra endiviiformis

' AE7NA F
19%9) 2F-

@ (16F &,

_g]

< (1990)9
= ey

=

=

o1 o
o

Pygoscelis papua
Pygoscelis antarctica
Pygoscelis adeliae
Fudyptes chrysolophus
Aptenodytes forsteri

Order Procellariidae
Macronectes giganteus
Daption capense

Pagodroma nivea

Halobaena caerulea

# Oceanites oceanicus

Order Laridae Zwl7]&
Larinae Zwj7]%

Larus dominicanus

A ] 2 7] F
Sterna vittata

Sterninae

Stercorariidae E=EZv7]H

AT=HA &2 7] 24|
o= YeER =
Order Spheniscidae FAF

7 (&, 1999)

AAF 5%, 277 2F,

EEgv)s 2%, AEDF 3F, Ve 7% =4

E% m%i

=]

(1990)9] #Foll= 3l

Ason, &

Gentoo Penguin AEL A
Chinstrap Penguin.  FAE =33 A
Adelie Penguin ofda =
Macaroni Penquin PH7FEYH A
Emperor Penguin % il

Catharacta antarctica

Catharacta maccormicki

South Polar Skua

£

Southern Giant Petrel Zfo]AEFEZ

Pintados Petrel e el
Snow Petrel 2w SHEH
Blue Petrel ZedEe

Wilson's Storm Petrel

Kelp Gull

Antarctic Tern

Antarctic Skua

Phalacrocoracidae

Phalacrocorax atriceps

Chionididae
Chionis alba

Az

oA

Blue-eyed cormorant FE3F=7}}-$-A

Sheathbill ol g 7t 2%
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* 7SR (LA, ARl & gl HA FRou L AR JqdHE FE

Diomedea exulans Wandering Albatross AT dHEZ A
Diomedea epomophora Royal Albatross 2o|ld UnlERZ A~
Diomedea melanophris Brown-browed Albatross #-2o|v}dHlEZ
Thalassoica antarctica Antarctic Petrel g=HER
Fulmarus glacialoides Antarctic Fulmar W= En}

Fregatta tropica Black-bellied Storm Petrel ZALujAEHEH
Cygnus melanocoryphus Black—necked Swan AeE 1y

2000

A ATH 874 @l e d3s 4BEFIEY 394 (F 5, 2000)
e REE R 7

= e)
o u.

==

uhEtAR 39 vAzFY WEH FH %19 W (F F, 2000)

1998-1999, nano-sized Chl a HE+ 199849 11€¥€d 7F& a1, 1999d 7€ 7FF wA #Z,
net-sized Chl a %%+ 19984 10€d] 71 =9k, 1998 79, 19999 1, 2, 9¥dl ks 4
o] & FX7} A BEFS AAT

opgjtant 23] YAEH 2 AE HEd YA 42 @5 (A F, 2000)

zatd HA=el T8 22 skek melt water streamel] €3 37w, FUAEHEE A
Ed Wi, o5 ted w5 - AFEA @5 A, & FaEH AT g od AEA, fr1eae
Aok v B3 39 A T ovE Wb 24 45 f718ES AR 10-114¢l A - 9
W3k A 9g3 109 AT LAgAdAe] O A2 FAE

ug] AR S 2Fd X e A T (3 5, 2000)

1988, Y| £ %% - (Georgiella confluens, Iridaea cordata (Turner) Bory da Saint-Vincent
(X S7HA] Bl %A & =), Pantonneura placamioides, Pophora endiviifoliums B2 AFg. <1
AL Ao AR} 7 Fo] A 7 FHY A F. AeAFY 454 a FHEFE AA e dEz2T
ztol g HolA ko, b= 40-50%° THAES e, B3 A Falo] E2 o Al T F
L cordata®}y P. endiviifoliume A&]A G oA 5

A Frede] EAsHA &

pL)
o
ok
o
ol
o
tlo
i
A
=
32,
K
i
<
of\
=2
rlr
>
to

BAY g - 8 2AF (&, 2000)

7] d oAl AAstE Ad-§ FeSA7E &3 Procellariiformes HolA @, wldsE AJaw
Adr =3 Fapa & Aes 54 2d 2ol Edste] 3 el A5 HFE FE F
o= FAW AR Fo] & AAUE] Wk o] FolA .

AN AU F5& FE (¢ 5, 2000)
Cu, Zn, Cr2 A 7NAAA =2

=
H] 7 o] Egoluh A4 AuTh Ao A

GFEAEN AZAAY FF5EF = 713 (H< <, 2000)
ZMe] A& oA Cdel X% particulate H-&o| &A= o] cytosold EXE3E URTl 2-44)
AE =S, cytosol Wol &A3= Cde= EATE soluble protein fractiono] ZAE3F  Soluble

protein< metallothionein®. & F%4 3.



%ol £14 9T

AR e o

3 =
S 2 metallothioneing F4 A3} 417 G M| Eo] Adakiol A ufg- ZFgk qb-g-o] yepd,

&
g BN
L
Lo
>
o
-9,
=
rSk
e
it
BN
»

Y oy
)
oo L Jpe

g o] 1
ol ZA7} 79, 109 25 Z7aAE

G2z HAAESH uF (F 5, 2000)

1998-2000, =¥ 6397041 =/ AAAES dAv| Ay AFH F4AT softwaredh ¥4, 2%

40-41mm ZA7|oA F RANE AAAE E3lA] Zol o] A7V WHAS 95 MESHE HEFPo=
%_1 3

5
ek mEsty] 249, Al 2 AR 1293 19, A AEESEAEl] gy )9

g etANt A FFEgHoZ FEAS AMAEY BEX (F 5, 2000)
WS E 2 Ao &8 WY o ™M= B YAF Cnemidocarpa verrucosark, 714 43} &
o] %29 AAe 7 ALdTde FEARZNY FZAY Desmarestia menziesii, 3t =

SR ELES

Desmarestia menziesii I Ea gty
Myrigramme mangini Apa=41-2-¢]
Curdiea racovitzae HFe759d

717 & AH AEF

Desmarestia menziesii 3]

ZE A
Lessonia flavicans ufl 2 2 el
Adenocystis utricularis FH YU EA AT
Gigartina skottsbergii =9l 571 e
Placamium cartilagineum 7R 5 &0
Myriogramme mangini A9
Curdiea racovitzae HF27159
2002

= 3 TE)S 124
7P A, 79 7P WS 9 HeEe 1199 b o, 79 b WS /9 g vAEga
(nono-sized plankton) AEHE 1294 7F4¢ =3, 794 7FF 23S, micro-sized 1A ZF (Z7]
7F 20um ©]/) 4€ol =1

i
K
oo
o
2

7HE Soke. 20019 o Ht AEFS 1996l HlE] wfg- o

MNF71A FHY SA44E AR 244 R A, 2002)
SAAE T S T, A AARYE f. X F 35F, AHF 18F, H-EF 2%, 93
A5 2% 9. XY dx A AYF Usnea 3, XNEF Andreaearns 7, Sanionia

1l =
george—uncianta 73, Constomum magellanicum 3. AR FTFo T A3t = A A

A 9% (Lichens)

Acrospora austroshetlandica (C.W. Dodge) @vstedal
- 44 -



Caloplaca lucens (Nyl.) Zahlbr.

Caloplaca sublobulata (Nyl.) Zahlbr.

Cetraria aculeata (Schreb.) Fr.

Cladonia borealis S. Stenroos

Cladonia carneola

Cladonia chlorophaea (Florke ex Sommerf.) Spreng.
Cladonia gracilis (L.) Willd.

Cladonia merochlorophaea var novochlorophaea Sipman
Cladonia rangifera

Cladonia scabriuscula (Delise) Nyl.

Haematomma erythromma (Nyl.) Zahlbr
Himantormia lugubris (Hue.) 1. M. Lamb

Huea coralligera (Hue) C. W. Dodge & G. E. Baker
Ochlorechia frigida (Sw.) Lynge

Pannaria hookeri

Pertudaria corallophora

Physconia muscigena (Ach.) Poelt

Placopsis contourtuplicata 1. M. Lamb

Psoroma cinnamomeum Malme

Psoroma hypnorum (Vahl) Gray

Ramalina terebrata Hook f, & Taylor

Rhizocarpon geographicum (L.) DC.

Rhizoplaca melanophthalma (Ram.) Leuckert & Poelt
Rinodina olivaceobrunnea C.W. Dodge & G. B. Baker
Sphaerophorus globosus (Huds.) Vain.

Stereocaulon alpinum Laurer

Stereocaulon austraoshrtlandicum

Stereocaulon ramulosum

Tephromela atra (Huds.) Hafellmer ex Kalb
Umbilicaria antarctica Frey & 1. M. Lamb

Usnea antarctica Du Rietz

Usnea aurantiaco—atra (Jacq.) Bory

Usnea sphacelata

Xanthoria candelaria (L.) Th. Fr.

Xanthoria elegans (Link) Th. Fr.

X ¥l5F (Bryophytes)

Andreaea depressinervis Cardot
Andreaea gainii Cardot
Andreaea regularis Miill. Hal.

Bartramia patens Brid.
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Bryum amblydon

Bryum pseudotriquetrum (Hedw.) C.F. Gaertn. et al.
Ceratodon purpureus (Hedw.) Brid.

Chorisodontium aciphyllum (Hook. f. & Wils.)
Constomum magellanicum

Dicranoweisia crispula (Hedw.) Lindb. Ex Milde
Dicranoweisia grimmiacea

Ditrichum hyalinum (Mitt.) Kuntze

Ditrichum lewis—smithii Ochyra

Grimmia lawiana

Hennediella heimii (= Pottia heimmii)

Platydictya jungermannioides

Polytrichastrum alpinum (Hedw.) G. L. Sm.
Racomitrium sudeticum (Funck) Bruch & Schimp.
Sanionia georgico—uncinata (Miill. Hal.) Ochyra & Hedenis
G5 ZF ( Freshwater algae)

Prasiola crispa (Ligtf.) Menegh.

#3121 & (Flowering plant)
Colobanthus quitensis

Deschampsia antarctica Desv.

Tol Rl WEel AUe WA vAE 9T (7, 2002)

o7} FXR3 WA 7] (20006) 9 ¥lekak WA 7] (2001) Atolo] AMEAAF gEA e WA e H
1l 20000l = AF=AA Erﬂ\] 710 AbdEo] Yokon) 2001do= X oA HEHkE A7 9 HEA

7] B A AgEe] ¥E. 200194 AT F ukeQl $AVt A Ee] § ¥E. GEATe o
ST A A ek SISl Aol @srg. AFANES WATY| el Wt am, Bua
e Qgade

vlE|tawt FSEmEg A8 2HdA 9 AA 719 wE FF 98t (¢ A, 2002)

AA A7) g ] T35 sRo AURAE BE R 4o 474] VER S, o] &
A= &sbdol A Cu, Zn, Mne] ZA-ollqt 3z oprujo X 107] & 871 Fw4re] WAl Z7]e ik 13}
AAE wet F7F, Aol A= Cd, Zn, Pb, Co, Ni %7} 22 4 =F j—% UZ}E]- 2+ 80mm7HA] 57}
shth7b 1o ol A A ZF F9lE FE59 EUHHP &8 7hsAaS AAL

rln

2N F55 Hli*qi}oﬂfﬂ soluble 5% A& oY insoluble ASHE2 dgtol A
SHO zbelE B, olrbr|e} Aslr]e A= =
A= Qe TEHe] Fo] B2 AFEFS HJ.  Soluble

etallothionein® & ®x}8<l 8-9kDas zte=

_h
=
[o5)
Q
o
j=)
3
i
e
i
O
[oR
L
O
—
o,
=
fe T
i)
=
M
B 7
0%
ox
flo
8



FEE0EMe AdE Z2HE W3 (3 5, 2002)

AddR 19 7P B8-S 429 3099719 wuldo
TR

] i, wiE e g7)e g UA AE
o= 10-157) A= duidoe] HEw Ad At gld

d2agzs) 24 0 34 58 94 Bt (o] 5, 2002)

Hodgx el By SEM-EDSE ©]€3F metallothionein®] $1XE localizationdtal A& A&, Gill
= lamellae®] €15 oA MTE HkSo] a1, digestive glandol A& diverticula®] 2]z ol A
<ol A, SEM-EDS Z# kidneyoll A= ux49] AetolA stdoz Z5 Cdo geol =8&

o™ gill¥} digestive gland®l A line scan 23 Cu, Cr, Cd 5°] HA=HoH,
ul] o] thE Tl HlE H=oks

Jm

2005

2004 F= AXAA wiEtaAT 235 vAZRFY AZdA HE (3 5, 2005)
20043 st MF 1A < Aote] mMEF A Ht AEFLS 19960l HlE] wj¢- ko, 20024
A5 QA" AEH] T35 2

9T AFA Fud BFEUEIS A% FENB G4 AT % A 47 @ 5,
2005)
FER1IF (F23 79E A0 YA WAATIL fRLA, G2 A B4, 493

b X3} 7)zke] EAE AR

ol

Porphyra endiviifolium, PForphyra plocamiestris, Synarthrophyton patena, Ballia callitricha,

Georgiella confluens, Picconiella plumosa, Pantoneura plocamioides

& ey AR E o] E5=7 A W 9ol A% (F 5, 2005)
2 A Holgel tig A5s i, AW Hel HHAZEE 88ty 917 AW chlorophyll %
i Al

@<= King George Island, Maxwell Bay9 S8 A FTE
Rtk Al AL FHAANTES EF 110 &

(20.5%)7F +#3t.

S
=
o
32
o
£
rx
ofj
Hu
3
(@)
O
R
o
do
of
ol
Hu

2006
2005 &= AEAA vl gt 235 AAZFY AL WE (F 5, 2006)
2005 EF AFANA <k ﬁ%ﬂ MAER A BT AEHe 2004@4 u] Al 1996l Hls] v

2006 W3 AEAMN wreltaT EFFNN HBEFIAEY 4% 2 AN UF MLFREIAE
9 9F (2, 2006)
LA MAEEEFAES Hol 4R ARIFAEN BHF BAZ H154 23

=9 AYAH SR QA AFIIR FH AHZRFY ALAIEY EAEEE Ty ¥WE 9
XA AEG 2 i BAAE (biomarker)d 7Y (A3} 3}, 2006)

I

7
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G AEAL EUFERAN Laternula elliptica®l 5% % XY #3 4 (¢ 5, 2006)

np kAt F X3 giRTolA AR A3 g T4 A4S FEe 2ot gllen, Pb
ol AS- MF71A el A Ho A FstA Ek2.

G5 AFINIA FHY AA EF 2 A= (HF A, 2006)

AL 107 LR EREer, A4 8as JhrH AR Bt 21%% UM w2 M=
s HAs

PEAY AN AASE FAESDWI|) FFEZIY A £ L ALY AT (F 5,
2006)

FA9) AN AwAAA @ AEINA o) Azl 0 Aol JEhiA ekgkow, Bl e Fof 3
Saw B2 Aol ® UEIA gheke.

@9= SERITY S AT 7|2 @7 (374, 2007)

F= A A BRES AT A4 e s3tetaa AEA BHeeh AEHH B G5s 1A
a7 Jske] AlE71 A7} H ]‘J AzA A vEEREE o] 9 #AA] U] (Narebski Point, 947 A 7A0kS)
S a5 EEsTYoR A4 HEF A &gk Faxefe] 59 g5& A8 194 A=
Narebski Point Aol F EV‘ L A gk T 2EANE AAstar HYAGA 2ehs A
e - AR 51F, AUAE 35F, B5id 1S, s E 1502 3 88%F / 8N - 27/ 4%
(MAZF 9%), 77 2% 5 16%. HAZLFY A8 54 7|3 nax9 AA 7HAd dal 71«3

A2l % (Lichens)

Acrospora austroshetiandica (C.W. Dodge) @vstedal
Bryoria sp.

Buellia anisomera Vain.

Buellia russa (Hue)Darb.

Caloplaca lucens (Nyl.) Zahlbr.

Caloplaca sublobulata (Nyl.) Zahlbr.

Cetraria aculeata (Schreb.) Fr.

Cladonia borealis S. Stenroos

Cladonia chlorophaea (Florke ex Sommerf.) Spreng.
Cladonia fircata (Huds.) Schaer.

Cladonia gracilis (L.) Willd.

Cladonia merochlorophaea var novochlorophaea Sipman
Cladonia pleurota (Florke) Schaer.

Cladonia pyxidata (L.) Hoffm.
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Cladonia scabriuscula (Delise) Nyl

Haematomma erythromma (Nyl.) Zahlbr
Himantormia Iugubris (Hue.) 1. M. Lamb

Huea coralligera (Hue) C. W. Dodge & G. E. Baker
Lecania brialmontii (Vain.) Zahlbr.

Lecania gerlachei (Vain.) Darb.

Lecanora polytropa (Hoffm.) Rabenh.

Lecidea cancriformis C.W. Dodge and G.E. Baker
Lecidella carpathica Korb.

Massalongia carnosa (Dicks.) Korb.

Ochlorechia frigida (Sw.) Lynge

Pannaria austro-orcadensis Ovstedal

Pertusaria excudens Nyl.

Physcia caesia (Hoffm.) Fiirnr.

Physcia dubia (Hoffm.) Lettau

Physconia muscigena (Ach.) Poelt

Placopsis contourtuplicata 1. M. Lamb

Porpidia austrosheltandica Hertel

Pseudophebe pubescens (L.) M. Choisy

Psoroma cinnamomeum Malme

Psoroma hypnorum (Vahl) Gray

Ramalina terebrata Hook f, & Taylor

Rhizocarpon geographicum (L.) DC.

Rhizoplaca aspidophora (Vain.) Redon

Rhizoplaca melanophthalma (Ram.) Leuckert & Poelt
Rinodina olivaceobrunnea C.-W. Dodge & G. B. Baker
Sphaerophorus globosus (Huds.) Vain.

Stereocaulon alpinum Laurer

Tephromela atra (Huds.) Hafellmer ex Kalb
Tremolecia atrata (Ach.) Hertel

Turgidosculum complicatulum (Nyl.) J. Kohlm. & E. Kohlm
Umbilicaria antarctica Frey & 1. M. Lamb
Umbilicaria decussata (Vill.) Zahlbr.

Usnea antarctica Du Rietz

Usnea aurantiaco-atra (Jacq.) Bory

Xanthoria candelaria (1..) Th. Fr.

Xanthoria elegans (Link) Th. Fr.

{7 (Mosses)

Andreaea depressinervis Cardot

Andreaea gainii Cardot

Andreaea regularis Miill. Hal.
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Bartramia patens Brid.

Bryum argenteum Hedw.

Bryum orbiculatifolium Cardot & Broth.

Bryum pseudotriquetrum (Hedw.) C.F. Gaertn. et al.
Ceratodon purpureus (Hedw.) Brid.

Chorisodontium aciphyllum (Hook. f. & Wils.)
Dicranoweisia brevipes (Miill. Hal.) Cardot
Dicranoweisia crispula (Hedw.) Lindb. Ex Milde
Ditrichum hyalinum (Mitt.) Kuntze

Ditrichum lewis—smithii Ochyra

FEncalypta rhaptocarpa Schwagr.

Hennediella antarctica (Angstr.) Ochyra & Matteri
Notoligotrichum trichodon (Hook. f. Wils.) G. L. Sm.
Pohlia drummondii (Miill. Hal.) A. K. Andrews
Pohlia nutans (Hedw.) Lindb.

Pohlia wahlenbergii (Web. & Mohr) A. L. Andrews
Polytrichastrum alpinum (Hedw.) G. L. Sm.
Polytrichum strictum Brid.

Racomitrium sudeticum (Funck) Bruch & Schimp.
Sanionia georgico-uncinata (Miill. Hal.) Ochyra & Hedenis
Sanionia uncinata (Hedw.) Loeske

Schistidium antarctici (Card.) L. 1. Saviez ‘& Smirnova
Syntrichia filaris (Miill. Hal.) Zand.

Syntrichia princeps (De Not.) Mitt.

Syntrichia saxicola (Card.) Zand.

Warnstorfia sarmentosa (Wahlenb.) Hedenis

g5 (Liverworts)

Barbilophozia hatcheri (A. Evans) Loeske
Cephalozia badia (Gottsche) Steph.

Cephaloziella varians (Gottsche) Steph.
Herzogobryum teres (Carrington & Pearson) Grolle
Lophozia excisa (Dicks.) Dumort.

Pachyglossa disstifidolia Herzog & Grolle

F<+ZF (Freshwater Algae)

Prasiola crispa (Ligtf.) Menegh.

&34 & (Flowering plant)

Deschampsia antarctica Desv.
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TE

Wy =7
Pygoscelis papua
Pygoscelis antarctica
Catharacta lonnbergi

Catharacta maccormicki

AR L e

(Ao op

Larus dominicanus
Sterna vittata
Macronectes giganteus
Oceanites oceanicus
Chionis alba

H Y =25

Pygoscelis adelie
Phalacrocorax bransfieldensis
Sterna paradisaea

Raption capense

Fregatta tropica
2010
@5 AlIF71A

3=

o
o, of

- 7]

Ao o

M1

we af. =k
() o I iy
EY

=
™

SR EEE
74

LR
Fet ol ) 7]

SRR

[e]

=
A

Aot Y AN FHFFE (¢4 &, 2010)

G MAES7IA =M 329 wholA 20091 1288 20100 1€ Alelo] AFHE Y FHFFE] 4
Yy =Y (& F, 2011 #Fx - &+ 55 F9).

2011

SMATALDAEFHAL o] & o AXAA AR/ € Sux/) Hold #%8 &9 ¢, 2011
ZuzMe BHUA f71E9 7oz Zlon, 3 Azl A A& §71EY V97 w9k,
Az A e A olnt FrE H& nAzFY 797t H94e.

G5 AFTHE7A FH A HFAAAFHFTE 23 712 9+ F &, 2011)

AME71A 78 670 - 2dF v 1009 Feln, WAS &S e AP 24 H Aleld =
AT ol F 2AA FEg Zol7) AR

AXL=E

Malacobelemnon daytoni

Haliclystus antarcticus

[e]
TETE

Lyrocteis flavopallidus

FESE

Parborlasis corrugatus

A=
Margarella antarctica

Marseniopsis mollis
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Neobuccinum eatoni

Doris kerguelenensis
Tritionella belti

Laternula elliptica

Yoldia eightsi

A
Mo

a3

Glyptonotus antarcticus

Ceratoserolis trilobitoides

Mo
B
nr

Acodontaster conspicuus

Odontaster meridionalis

Odontaster validus

Porania antarctica

Labidiaster radiosus

Pphionotus victoriae

o SAE daatEs B $7393 2YEHT (o] ¥, 2011)
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Deschampsia antarctica
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Colobantus quitensis
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(2012x)ell MAAAR A F3] (WCC: World Conservation Congress)7F Aol A A EFB=E A=

S Agste]l Wee T o e Hrig & 5 9

NEA AEEuz 27 Ao @A BRS SHsl= A7 7F 57 % sho)
ERF AEde Vs e wE

A RE B89 0w, ¥ 43 YuAE Ba
oz BrAwe o wa.

Hags

AEd -k - P2, 2005, EA FFWE FAEAHEES o] &3 G2 AA u Hol A @
= MAF7IA FH A7 GFoR % ARsE RUEHY, S dadTd B SAATA BaA,
BSPP 04102-005-7: 55-69.

BT AN ol FE - AT - AAE - EY, 1999, A AT B3 skel] e FeE e
B9 T84, SX8H 54 L B #As A, shars A4, ECPP 99001-03: 53-87.

BT AN - olAE - AT A - AR - 71E, 20000 A AT B73Ask e G A EZSEa
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