Korean J. Environ. Biol. 18(1) : 1~20(2000)

(& &

A AT 2Rl A FA HEZHIES F24
ARz AAA - AE - AFA - BEY

=

A 7t 53

<, st 2=,
A3t 5 o2 THA
=

A

[

2 - 52 34 A% PAE H4UR 489 FAZ AT AT 293, 2ES ol AT A9
e A AT BAM] dag My ook A7 LB} 023 el €T £ 4
A 4, Y BE Wk Asld Foh 5oz Qs FA A% ATE) 43 8ol
3ol FA NG AeAol Yehtz ek 53 Ug dluAUo H3, &
Sofl WS, A A4 YAVAAED HEFFTESC] FA %o FelH, XA @
Watol Fha R e ek WA FA A% AAE S A
A HEEFES W3 A A AL AuAL UHE uich ABEALESE
& Bol Agstol g1 Aol MY BAWRE 4 AT B A

AgFoE o) gd & Yok A AT BAHI | g FA AE YAl H3} FAE olaf3T] AsHA

T

XU I =
373 Wit

Fa s

PR

= 87 st A e FA HEEFIE W A3} degsiolok s 2E2E T HE

HY AEEFIE AEFS) AdAol Hazlh o] FAoAE FA

AEEHa RS ik 54, A4

W4, 3A sl B4 A, B7 Wbl W2 AEEFAES 4% A AT AU olaer
& IA ABEFIEY Foddl T AT AT 3ol Felsol Yok

M

riu

A kA dlAE dut oz S8 F74 =7sA
FAEE Aoz AdAHT YA 2 7S B B
g2, st oz k" S fAF 3 Ak FX 3
Fol 74 2<lER o] AY YA T2 AN
AbALel AlBEdaEe
A We] el AAHAQ 4L v|FH. o|F A
2 7ol WAFE % g
o]i= whdHol (Fig. 1), &2
Adent oo Hoje] A s W Ao
A3 AelE A3 9o} (Fig. 2). o9} 22 5453
FA e FHoz A FA AT S HFAH
A7t A Aol

) w e Ao, Aeletdoe Hola)
w J=Z 43 (Antarctic Convergence)2] FZo]| Zxj
3= slokold, Wle AlzHA, FxHH o= wslgkd
(Deacon 1982). H=&l= Uity o =z 2o

R A=

=T ‘e
& slmlsht Qe ws) T4 Aze e, 2
dA=s, shets), vl 28, A 2 o}sl, A A8, Hx

EdE =F x| e s g B S
Aoz Walsle dALEFe] Aol 2l 3 (sea ice) ¥

9] AR W7} A (Fig. 3) ABEFZES]
Bops} ARgel A, Mo Ao xol w
o

A%e W
37 ) AR FAR Y 2ob)
Yot s Bl AFHez FrHh oo

ZaE o] 7170 doldeh(Fig. 4A). YbH oz FE
EHIEL HEELTEC F71T Foll 717E 225
of A FIPL doidet AL L4, &

9 Rz, WY FH EBEG FAHE $U5 94,
A% ol wet Be S malTh o9 RS 2elE
& NBEYIEY GYFY A7) 2 B, F2A, AR
g 5& 249 T2 235olch AN A4 2
CERRE ES R DR RREEEE SELDN.
B4 9 2E P o 4 A HA Fig. 5). ¥
5 ATAHY BT 05 25, Y] YYHAL 7
Z oz Qs vhe e ulal A3, T 2R
o ABRe WelAAT, FA NG el RIS
NEEYRE $E PHE BAST oldehed) 43T
A% 2 ek 3 BPIA B B39 9 23



2 2ME - 2
24“ | / 70°
80° 00
21 -
60°
£ 18
E 50°
& 157 40°
2
g
J 121
=
O g4 40
50
6 60°
3-
T i T T T T 79 T T T 1 lj
JAN MAR MAY JUL SEP NOV(S. hemisphere)
JUL SEP NOV JAN MAR MAY (N. hemisphere)
MONTH

Fig. 1. Seasonal variation in daylength at various latitud-
es (Sakshaug & Holm-Hansen 1984).
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Fig. 2. Spatial distribution of sea surface temperature
(SST) around the Arctic and the Antarctic deter-
mined from an US Naval Research Laboratory
satellite (http://www7300.nrlssc.navy. mil/altime-
try/regions/reg_sat.html).
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Fig. 3. Seasonal variation of sea ice distribution in the
Arctic and the Antarctic. A, B: The average extent
of sea ice for winter and summer in the Antarctic
typically varies between 21 x 10 km? in the aus-
tral winter and 4 x 10°km? in the austral summer
(Zwally et al. 1983). C, D: The average extent of
sea ice for winter and summer in the Arctic typi-
cally varies from 14 X 10° km? in the boreal winter
to about 7 x 10° km? in the boreal summer (Walsh
& Johnson 1979).
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Fig. 4. A: Annual cycle of solar irradiance, nitrate, and
phytoplankton biomass in polar regions, B: Tem-
poral development of ice algae relative to phyto-
plankton in the water column (Smith & Sakshaug
1990).
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Fig. 5. Spatial distribution of phytoplankton biomass around the Arctic and the Antarctic as determined from ocean color
using the Coastal Zone Color Scanner on the Nimbus-7 satellite and SeaWiFS satellite (http:/seawifs.gsfc.nasa.

gov/SEAWIFS html), Goddard Space Center/NASA.
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Fig. 6. The microbial network together with metazoans comprises the polar pelagic food web. A: Typical bloom diatoms
and Phaeocystis, B: Micro-sized herbivorous protozoans, C: Small diatoms and flagellates, D: Nano-sized
phagotrophic protozoans, E: Bacteria, F: Fecal fellets of copepods, Scale bar unit = um. (Smetacek et al. 1990).
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Fig. 7. Distributional patterns of dominant phytoplankton species in the marginal ice zone of the northwestern Weddell
Sea (Kang & Lee 1995; Kang et al. 1995).




gYustel IX A E2EZIE 7

South North
100—— T | T

Ice cover (%)

VO DO
(9]
=
=]
]
°
=
=
0
—_—
3
@
3
w
-

—_

B Bactenal growth rate
10— (1010cells m3 d-1)

5

Microzooplankton
5 (107 m3) I

0

0.3
’— Saips __,—J-_

02— (kgm-3
0.1

4 Fishes __I—l__

2L (gm-3

0

20~ Birds
10 ‘_,—_'_L—L‘km K
1.0- Seals
0.5 (km 3

! i | | l |
63°S 62° 61° 60° 5g° 58° 57°  56°S

Fig. 8. The coupling between algal production and higher
trophic levels in the marginal ice zone (Vincent
1988).
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Fig. 9. Conceptual model of the development of phytoplankton blooms in the marginal ice zone of (A) the Antarctic and (B)
the Barants Sea, the Arctic. The numbers in (B) correspond to the following stages: 1, prebloom conditions; 2, ice~
edge phytoplankton bloom; 3, postbloom deep chlorophyll maximum; 4, sedimentation of phytoplankten; 5,
nutrient-depleted postbloom surface layer; 6, upward migration of zcoplankton; 7, spawning of zooplankton; 8,

growth and development of zooplankton; 9, capelin feeding and migration (Smith & Sakshaug 1990).
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Fig. 10. Conceptual models of two extreme organizational
structures of pelagic ecosystems. Left hand side:
recycling system with low annual variability in
total biomass and low sedimentation output.
Right hand side: export system with large sized
organisms creating high biomass blooms which
results in high vertical flux (Bathmann 1996).
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Fig. 11. Hypothetical model of polar ocean carbon flux.
WSW; Warm Surface Water, CSW; Cold Surface
Water, CW; Central Water, DW; Deep Water,
BW; Bottom Water, ®; Removal of nutrients/ ora-
gnic carbon to the sink as particles, CaCOs3; cal-
cium carbonate flux, C.; organic carbon flux,
QSC; Formation rate of Central Water, QSD; For-
mation rate of Deep Water, QSB; Formation rate
of Bottom Water, Qwa; Flow rate from polar ocean
basin to tropical ocean basin (Honjo with permis-
sion).

v} ujeby FEAAR Lot 7718 Yoz olFeiAl
o] AtglEkAe] 4ARE CaCO; WA A eA AR o
*l—i}a}ig} Az2HE 73 of7] AIA d7F olAkd
2 AAsE 7oz F3HR] vl (Fig. 11). 1

311»} %‘%__]’—‘Fr, A 7 2 (silicoflagellates)$} ZFo] F4x
9y Fhoz A AEERAE] A=
Zaoll A o] Be] £F ojAtslutAE ¥ fUIRA
ABAAZ7] W Fol] (CO.+H,0 = CH:0) H7]F °]
ek A2 A A s=d F23) ) (Honjo 1996). Honjo (in
prep.)= AAMA Heke& FA whh & (carbonate
ocean)F} 74 3l ¥ (silica ocean). 2.2 1}o] 7+ 3 ool
A deluh st A £3E APsiAn.
Carbonate oceane CaCO; AJAl o] biogenic opal AAJ X
o $AE ez wF pelM NFoz HEE
9]#}e] Si/Ca & ¥)go] 1Kt} 2He 7~]°ﬂgi CaCOs A
Hoz Qs H7]F o)Abztekid] FS7 HE Felnt
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r* HU af.
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(Fig. 11). ¢]el] uFs)l silica ocean-2- biogenic opal AJAJ ]
CaCO; A B}t 2 x| o= Si/Ca & vlEo] 18 &£
Aoz Ao d7]F o|Akzltav) uietR {90
2 oz AAHE Aok ZAA HRE kol
carbonate oceanol] <3P silica ocean F=3 2} B3
s FHel A 20% o]t E3}3l= (Honjo 1996). 1
ot A ZAA YoM AP AEE 2E AR ¥
o}Eo]= o] o}z} Honjo(pers. comm.)7} 2
A AlgE \7]"é°1‘:]'- T HIZ A AFH olAattgk
Ag #HA37] 93] Honjoo] 7MI& 5‘%}71 s
Q77 SAAAT Ak o FHdo] Aol
9 % 4314 94 2 2 24
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e 20 sl A
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5. 77 §7uste] w2 I AEERIEY 3F

HZ 2A 9 sFAAE A AFA 7 W (e:
2 w3z Q3 A 27}, A F 233Dl o) %’4?‘3

Wy gieh FA) AZESIAEEL oW MY St ¢
3 2% 2= F %‘”'1} 27 3slelM 77+ "EEH

A5 -rrzlff}“ﬂ’ﬂ Ag3te] g7] wFo] wME BA
Wl = 7 AefH 2 9|7h e ol AA AT}
#3358 4 9t} (Clarke et al. 1988; Barnes & Clarke
1994; Clarke & Leaky 1996).

27 Al AE FAsT U AN FEH A2H
o) A&A oz $AH AP FFEAE TT A
ARt AgPoez Zog 9% o} (Clarke &
Leaky 1996). ]} 442 334 <] %’]Eﬂ%l ek op
2 e YL =43E ozA BE dA A
of AjHoz Poit iAol 5’2}57} Y-
o AlgolA ¢33 & H$7E AUk Bl
252 A5 Foll= Al sled], o] 7HeH
3] UV-B (280~ 320 nm)$} UV-C (200~ 280 nm)+=
2 A& Y gled, A et DNA?Jr 7L°l

2oz )¢ Fo3 ExEC 23 FHH 2
=L A= ’“7—11% A3 sl=k ——TUI ook 6H‘E]°ﬂ
ANAsle A zF 2 xR vlay 94,8 olE
Wil x&H7| “ﬂ—‘r:"ﬂ 27 A3 AR FAIE
7} 98 2 AEIA suga o)4d $ U w
W 2AT Lxel HeHe & IR AREFIEL
= 3o o A (UV-B) A5 3 A7
Gl o3t mA g sS4 =) el = RIZSHA i
2317 ¥} (Karentz et al. 1991a, b; Marchant et al.
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Fig. 12. Total column ozone concentration (in Dobson
units) over Antarctica as determined by the TO-
MS (Total Ozone Monitoring Satellite) during Oc-
tober (above) and monthly means of total ozone
(below) from 1979 to 1997. NASA Goddard Space
Flight Center (http:/toms.gsfc.nasa.gov/ ozone/
today.html).

1991). Al B-EFaEL IX sﬂoygqmg -7 8h=1)
T2 9L 3, o] 52 W= A 3T A
Ae) W3z eju)gig

54 939 430 223 B 09 94 27}
7} 19709 F4b o] F 9YRE 119 Alelo] A o
21} (Stolarski et al. 1986). E3] 10Ye)] & %7} 7}
Z; o] st ez vehty 9o (Fig 12). 1 2
B g 24 Feded AEHE AYAe S 3 o
T ¢ A 2 v5d e Holz UH
(Frederick & Snell 1988; Lubin ef al. 1989). B3] 3=

ANgEysE 1

g $38 B 32 (280~320 nm) =2 A (UV-B)2]
%ﬂ%%%ﬁ%ﬁﬂﬂ%ﬂ%iﬁ ﬂﬂﬂb%%
of W dFel B2 FAL o]F] Wk FFE on
23 ARE =i X}gl"d‘ﬂ M3 Frkste %_1_, 22l
A 7tEe dAT FUls AR el Me|x glth
ol2d A} ow] FFeA e U WAAES AHA
o Ao Ao Ao oJFFe] AEPE 7PsAE W)
AL 4 gdut. 2822 G5 AFAHAE AR o
b AAAE EHAE 2 g vl 2R, Y sz o
Aol AejH we FHsm goze) Wig o
SMIEE PSR ST R L EIE T
o2 @ 477t DAl

93 AFAAAIA 3 Ekel dzelel e
3B FA F2d Ug d3= %] FHeo] 3o} (Everritt
& Thomas 1986; Dayton et al. 1986; Perrin et al. 1987;
Gilbert 1991; Kloser et al. 1993; Brandini & Rebello
1994; Ahn et al. 1997; SH Kang et al. 1997; JS Kang et
al. 1997). 212} ol Bl W3t AAYE F7A, AEH 2
Aol Aol Ag AFE Ao ARG o]} 53
o2 FxE AANE I 2 AAAHez HA
A7 Ao 2 A Age 47‘?"*«1 s}, 2}
s, Wi, 2A7REe) 3, 2 WAkl
o #9 Sl A3 o= A EeA 29

B2 A AEEYIRS 21 4e

Al &

850 nEsleldo Aoed A& Folsh, 2 7
2 Aoz 7] AAE A% ATHA sehlE A
o Be A7 FAl AAAD e el FoIA 3 Ak A
949 ZAhe NEEG2EY AY W), 27 LE E
24, & 9= 4 %2})‘3*} & W3}AZ] e (Maske
1980, FIAANE 223 o] 2% A4 2ol
o3 £4 10~20mollA] AxPAPARE o] 25% A =7} 7F
428l= Aoz Bag vl )} (Helbling et al. 1994;
Bidigare et al. 1996). =3} A} 9] Z7)7) HolAlES
F3 AoA T2E vFE Akl Aate] 42 2w
A ¢ o,-]:%y} A& Fojc}(Smith et al. 1992).

13 NEEFTES 23 7 29 4BA DA o
% UV-Bel 9@ 4REot 4% AF 5o Az o
27 veh} (Calkins & Thordardottir 1980; Karents
et al. 1991a, b; Marchant et al. 1991), UV-B Z7}2. <l
3 & £ElA oIE £ e A7 A Bl Al
S et 25 UV-B 712 Q] 7|Ee $431
Z%°] UV-B Z7lell & A-L3e M2 $3F) &
Bt Aol F2A el WE FolEhe= ¢l
o] 7} de] welEelx) . gt} (Hader & Worrest
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1991; Karentz 1991; Marchant & Davidson 1991). UV -
B Z7tel| 2%t mMxf F2Ae W3l S 53
3,45 A A olEe] uA: gL ol F}]
AMAME F2 $HF A UV FAESH dre
AE U, A3 A, A g3 v|XE 7)3e
#3 d77F BpHom o]Fo]xofyt Fr}(Karentz et
al. 1991a). A F7HA] A F7tel] oh-2 F= v 2R/
2] gkl Ak AF7F We] e]FolA 2 YA|TH(EL-
Sayed 1988; Smith 1989; Smith & Baker 1989; Voytek
1989, 1990; Hader & Worrest 1991; Karentz 1991; Smith
1992), & 7oA Asdo] wlAE Fol AME
e HF7} o]Fo]AA Estir gt} (Karentz et al.
1991a; Davidson & Marchant 1994a, b; Karentz & Spero
1995; Helbling et al. 1996). A& Z7}o) o2 271 A
7173 HE ol d2A vehr] die] A
Z7kel w2 F sFAeHAe] ke Ar|Her =
HEF a7 AdlME FF A AE FA3= &
23 JFL FL U FL& AT dF 47 2
FH o2 o]Fe]xolul 3t} (Kang & Kang 1998). L
Helbling 5 (1996)el] ]3] 43% Thalassiosira sp.,
Corethron criophilum, Pseudo—nitzschia sp., Fragilari-
opsis cylindrus 53 2 F2 FLHFF o437 A
Z7hol e dgel R DT ARl o3, o) o}
gt Aol As] Mz o e 1R EE Bolx
Aoz veldn 53 EEFE 39 9& xR
ol Ml xpeJM Frlell Ak HE3le= Aoz odulA 9]
o} (Karentz et al. 1991b; Davidson & Marchant 1994;
Helbling et al. 1994; Karentz 1994). E45F-2] z}2]Add)
He AeEHe AguE Frole 2L Pulos
#A o] Foi3l & Holdt 7Hd o] AAH SIS (Karentz et al.
1991a; Karentz 1994; Villafane et al. 1995). Mycos-
prorine-like amino acid compounds (MAAs)$} 7+2 =}
9 FERE BEC Ul AJNE AR A%
2 Euf 2ur oz flagellates (Marchant et al.
1991), dinoflagellates (Vernet et al. 1994), Phaeocystis
(Smith et al. 1992; Davidson & Marchant 1994a; Kar-
entz 1994; Karentz & Spero 1995; Bidigare et al. 1996)
E3} & e AAERAAE oI AlE Ao
= DA Aok WY 24 Aol Jah Fol e} o
274 vehiReh, gubd o2 MAAs g4 o] &b o] o]z
t Fol A4 F Agee Aoz F2AA o
(Villafane et al. 1995).

Karentz 5-(1991b)e] &= <dtell A3t Q& 57
29 olf, THEEE 2 wlAzwel W 24 A3,
o1E % 90% ol ko] Aol MAAsE E3Hsm 2lich

=3 A FF FF2E T HelM= st
¥ MAAs7} 23Ee] )lvh (Mitchell et al. 1989;
Gieskes & Kraay 1990). Z12v} AlAlz 33 vlAdlz=H
F oW Fo ot medes AAM FHELS o
Azt A& A= v E3 Aeiel loh Marchant
& Davidson (1991)2- 352 4Rl vz AfHoz
22 MAAsS E3¥8l3 Q)& Phaeocystis7} A4 =
7= B7sta F5 sk A A A
ol 2 4 s Aoz A ol2 I 7]Ee
FYe] Holz o)WY EUF il Phaeocystis7}
$Hzoz zutony WA HPyeAst Hatd
o] A7H T k.

F2o AASHE sMERE A4 87, ), 2
o et e 4 9ok 53 o e Sdshe
prymnesiophyte?] Phaeocystis antarctica’s ‘3=
Watel &7 {4 e AT WY Foz ol4HT
o} (Kang & Kang 1998). o] %] Q&A= =274 F D4
2 s 4 Ued, Aol 5~8umelx F i8] Hw
E AWz ol DA HEEo] HY Ao Eente
T3 ZAE o|Fx Ux AR FAH] AUk (Fig.
13). 53] 739 A ¥4 dAE 5 S HA Y
2 sv) FHAA A HAe] o)t} (Garrison
et al. 1987; Fryxell & Kendrick 1988; Davidson & Mar-
chant 1992; Kang & Fryxell 1993). Phaeocystis} &7
o] A A A3 wHzFA ELF (Fragilario-
psis spp.) = oH2F L3 F2E AAs FoF
1&g 3o} (Garrison et al. 1987; Fryxell & Kendrick
1988; Garrison & Buck 1989; Davidson & Marchant
1992). vhefel| o]& $AHFTEo| AYM Fvtz AR A
< kA AAEDS 2ol QA3 B} FAM|Q
3L delded s FAeAY F2 A FFU
o] o]l W 2AFEES] Ho| o|fe] FE nA=
GAF =Z7), W, w’ha o4 2 A ’AEH S B2
W3l dold Aoz At} (Marchant & Davidson
1991). =8} Phaeocystis= 7)ol Ex)3l= AE 71
dimethyl sulfide (DMS)2} <F 10%Z APAitsl= Zles
a2 & ¢lo}(Gibson et al. 1990). Phaeocystis7} &
A DMS7} slofellA dr)Foz viEsd ¥ DMS: 4t
3 ubs- F3 Aol Hol dolaE: AhlE %
o A7 58] Ak dle]2EE wukgg YA
oz 243 FTEA HE PeE 9 3o 28
A9 =712 Q18] DMSE A A 3= Phaeocystis®] A
A3t AEFe] Wil A A7 DMS AAbel] gke
A sjF H7] Ape] BALF ovix]e] F¥el o
F3, AF2 Y3 efoF BAL oA dbabel) o3

¢

&
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Fig. 13. Hypothetical life cycle of Phaeocystis antarctica as compiled from culture énd field observation (Kang & Kang
1998).

Z7A 2o} (Bates et al. 1987; Charlson et al. 1987). 283 A SRS e d3v) AlBZaaEl =
A 2037 F= sfoF g W3 Fa elujE Y gh=lo] glow, AAlz et e *iqz}ﬂ/“]
o Al Mg 2712 Qe dehd sickdE A7) Watst A9 Aol 71 AR o g x2Fe] 9 AAMA T)|A
AL obtx o 4 ¢ot divistd dxje] Azt ZFoll dg AFE o] FoRR] Eetx it} v]|F A}
Halslyl e X2 vlmE F glE A9 d o)) B A9 F7lel a}2 v xFe] $HE Wil ofAte] Tk

1 Aol A 7Y S Al A Hew 2 ALAGIRY sk dih e Tie
2 GE AERES ATE AL T FD 5w Bebivle DEAAR A49L 977 pasch @
FUAE AR A B WS 2us] A 209 5 A4 Akl AT A7IM BUEYE A9 o5 mHE
o ST QB Ae) WAE PINA AA A FEel o142 Aoz A4,

PANAS] 324 Bl AE T a9l olsh e AT ATHeD SuET, S

& Zelet AAYT FF 43Y 220 U9 A= #7429, CO, 27, AT dshel m
Qs 2es 24wl o 29 Ao 4 s $739) F1gepd, Bel-3kabd, 489 st
S ek gome) Ws Peleke o AAMes = viHel SA% AHAS) A% PE cldhetn AE)
A7) s B EAskE b WAERS T2 A A% %% 1% ATE o8, w27 W%

rlm 44

ot

A 9 Ao A g i AT IR R A Al 75 9 S S1e el s el
F7b AgHeR o feidokt @ Aolth AFAA =% B9 AZ F 2FIA A, Aoz 79
a7 Al Slob, QI A AEF PAE QAL olb, B AA AE 299 Bt A
A 713, e, AsAe ol Fol W g Aolrh @ AN Feo Wz 27 2a 4% Aeld U 7]
dobe goloh 2ei: A2 A4 Aol A & A3} A2 odlFo=d B3e 544 BAGIY o

AEE Fohl7] 4% Aol AAWS dvke Aot o, FAM Dol AT A AN He v)
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Fig. 14. Selected antarctic phytoplankton as biological indicators for detecting and monitoring the global environmental
changes (UV-B increases by ozone depletion, seawater temperature increase by global warming, new envi-
ronmental formation by glacier recession). (A) Phaeocystis antarctica increase by UV-B radiation increase, (B)
Cryptomonas sp. increase by seawater temperature increase, (C) Navicula galciei increase from cold water inflow
from melted glacier waters (Kang & Lee 1995; Kang & Kang 1998).
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Importance of Polar Phytoplankton for the
Global Environmental Change

Sung-Ho Kang, Jae-Shin Kang, Sang Hoon Lee, Dongseon Kim and Dong Yup Kim

(Polar Research Center, Korea Ocean Research and Development Institute, 425-600
Ansan, P.O. Box 29, Seoul, Korea)

Abstract - There are increasing evidences of climate change in the Antarctic and Arctic Oceans,
especially elevated temperature due to the continuous burning of the fossil fuels and ultraviolet B
(UV-B) flux within the ozone hole. Light-dependent, temperature-sensitive, and fast-growing
organisms respond to these physical and biogeochemical changes. Polar marine phytoplankton,
which are pioneer endemic species and important carbon contributors in the polar waters, are
therefore highly suitable biological indicators of such changes. By virtue of light requirement, the
primary producers are exposed to extreme seasonal fluctuations in temperature, photosyn-
thetically active radiation, and UV radiation. Local environmental warming and increased UV-B
radiation during ozone depletion may have profound effects on the primary producers that are
primary carbon producers in the polar waters. Small changes in climate temperature and solar
radiation may have profound effects on the activity threshold of the polar phytoplankton. To
demonstrate biological response to the environmental changes, standardized representative
natural and biological parameters are needed so that replicate samples (including controls) can be
taken over extended periods of time. In this paper, we review general characteristics of polar
phytoplankton, their environment, environmental changes in the polar waters, the effects on the
environmental changes to the polar phytoplankton, and the importance of the polar phytoplank-
ton to understand the global environmental changes. [Biological indicators, Global environmental
change, Polar phytoplankton, UV].



