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BOTTOM TYPE ‘PLANKTON ICE’ IN THE ARCTIC OCEAN
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Abstract

A summer field survey off Point Barrow,
Alaska, revealed a growth of photosynthetic
diatoms in Arctic sea ice. The diatoms are
found in a brine solution in microfissures
between ice crystals on the underside of the
ice. The chlorophyl content of this layer is
100 times that of the surrounding sea waters.

Arctic sea ice is found to be neither a closed

&

frozen system that disallows transportation of
nutrient substances nor a completely inactive
biochemical habitat owing to the extremely
low tempereture. Glaciologically it is a kind
of seasonal nutrient metabolism associated
with desalinization of sea ice and photosyn-
thesis by diatoms. A considerable fraction
of the primary production of the Arctic Sea

may occur in sea ice.
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MYERRZENTET, KBERERTROEWIET T v 2 Y v O R OREE L W
L7z, Livl, COHRIZEBELEMEL 5 FEL, TOFHBL LT, BHOBELL
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I X - TRH XN

x> iz gik® Lutzow-Holm IO EKHICE T, SED ¥ 1 WriKAicig
AL, MKFOTFEL—REEDBTHLZHFXWHLIIL, hE 7T v b vKEHHT
oo TOREIL 1~2m o 1 K EOBEVEERBICEKRIAREL, vv—y MROWHITH
Eicr me 7 4 v-a 600 mg/md 12T ZEBEBTH-7. FO# McMurdo ¥EoE
EIKT, BUNT® 13, YK TERCHiEtE o &/cd 4 WoHHBEA R L, BEXKET22D
D& EKDFLENE S, . £, Palmer ¥ gyhcd Litzow-Holm #ih & [
D KA BURKHOLDER® 251 & o THERR i,
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DEZERIL, YK D—RAEE IGO0 7L D 7o fER & % %, dLKBIT 31T 2HEKFO—K
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T rPROKEEC ey, BE LR, 8XoMEoEaEOMR, FERE XTIk,
# iz SIPRE core sample 12 X 2 ERIEARIOA R X OEBKEA0RHIEE L. T2
MK ED -3 KL ks X UK T DHEKAERIK L .

K TN

7A15A X b 8 B 2 B ¥ TRRERIKE 9/10~10/10 T, gigdpkics b, FAEF
EFDRERIRIL 0°C, HE&iEX 82°C Th oz, KDE XL 1~3m T, KIZ 5~6m D
Pressure ridge n i b2y, KILIZR SN - .

C DUFIRIEAHI—CEE K E LTHFEL, W% 8 Bicizbe X n#10= 1 1§ CHHEKE
LT DHIRTH D,

WKDORENCIIZ S OMABDO T — A NEHEL, Bo bR TEIINE Bhbi 2 itk b
Bilcdodibhi., Tk cBESERD bR, HKOEIRBE—THil, —F
KEEHID 2m MTDK, 3~4m 1T 2LEK, 5HDVIIFERLD o 7o 4~dm TE T
DEIKAVCDEL D, FokSRBERHETH -, ZONRRIIFIKEDTEKIRDZIEH—D
Wwokn, EXd 1~2m ¢, RARKIZE—EDEIDOEBFHL I RILE Xz ey,
FD 7o\ 8 TIRIMBEO EEHEKOEMC T . Lnl, PBO 7 — L ORITEEESK
LEDORDOFAICIALEHFE S PV L ITE - Tie. ZOESBERCAUKFEOYEKIL, &
UL, FEKETIREBKITE BN S BEN D HACTHEL, B2 tLliv, FUoR-
TLBENRL, ZHEKBIERE TR SN2 DX LILKE TS ki X
DERICIE S, FOEKELISEKRE L THRECEITMLEFRI LD LEL LR
%.

JOKEDHKDBKICER LT, FKEE DFLVEVE, BEENSEINAEBICL 2%
HOFERE L ORRRENELVRTHS, JUKEREDOREML 6 ARICIIZNH L, £2°
BHLZOHEBIE L Ito T2, COEMICE 2R, BE X D 20 <1 Likishuicdik
Ecd@onc@zabR, SEL0 7 4 — 1+ X bR XS OBREITIL, YEKDOERE X
BHIBBZLD T =1L OB LW OLNCEDD Z AN TEAR (Photo 2),
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D/NRDEFIZ LNV Z ATV 2008060, COEMCEEOR O EL H .
—RICITFOERBHICL 230 TiHR, BEK LT ZEDO7 1 EIX Rbhigy..
pH 12 6.9~7.0 Tizig it CEmMMHEDOKERIL 5°C 2RTHD D b o k.

#HFEIL 0.07~3.31 %0 TRICHEKDIRA D Is\ 313 0.1 IR T, Tiokictb L TF
LB o T,

WTEY vERIZ 0.1 pg-atoms/l DR C, (2EHAERCHES 18d 0.3 mg-atoms/l )
TR ABREE T 7. TDXFAFRTIE, IBIERBEIGFIERTF THS L BB,
2) ¥gkrpsERis SIPRE core sampler TELIAERES 1 v 5D 2~4m DRHRER
%, 20~30cm Iz E4IZEINT L, #EKF ToOBEST ZRIE L.

KR EEGEICESRROMEHEIA SN, ZOT SRR mmIcET MR 2
ADH2bobRbh, —ficizncl, EfRERiEE - T, BEYEUTWIL,
Wi by 4 WoMEIK X AEEKIE, RTEMMCRALIT, BrAohaRkEaoke

- — Surface pools

Pressure ridges

Sea level

Middle part of sea ice

Plankton colored layer
at the bottom

______broken part (rough and rigged)

ﬂm /Vertical lined ice crystals
15cm
7Diatom small colonies
Small holes (0.2mm—1cm)
Tem Big colonies
1—2cm Bottom surface (smooth)

Fig. 1. Sketch of the Arctic sea ice in summer.
(@) Hodgepodge of the Arctic sea ice in summer.
() An example of fragments of plankton colored layer at the bottom

of sea ice.



38 B OEE o (REHEE . RE (2262) [Fgfmgk:

Bl3, 12 ALHMEC X 250 THo .

7 A& SIPRE core sampler ©i3, ZTEOXEBIIBNTTICEDTLEL, B
THMETH - 7.

WREGETIZET <L, 01 % BEECTHEEHINL, EL TRAMEZRL, 1%
BE 2 BEDE b, T B L, 092% 2 R EA L b b kS A(EA R L.

VTR VIR LT 0.3ug-atoms/l & B FATKE D RS\, VAR A B3 0.2 mg/l
TTEbdThinl, 74 ) 77 VBIEORI, HLL3ThMUTThol., 718
DML R A2y, B X oI brine iz s h o g hict BbR2DED ¥ A
WaR LN, CoLo s me 7 4 L2 0.0 mg/md HITFTho 7.

3) EfEEKE (F7v 7 b VB

FkAR X DK OBE AR Wi R L 00 5 < DR LA, HEACOENA LN,
7 ATENCE, FMHEOV 2 T DRBMNEETHAONRA b, OB, TR0 L5
1z, SIPRE core sampler TIXIHED 5 TV B 2 RKAERVTiL, HIRERE LT
Bivieho e, Linl, FUKOEEE LR 2BV b, 4082 E L. 2 oML,
EETHIC 37 BERAVEE T, RS SEIoMmEE2RTHEL, ETHACELEHFD
Wik VBB O EER BT 2dnTE .

ZOFEEMIIE L D& A 30cm, FHLT10~20ecm gk L, FORKEGTILNGKIC
BLTWBIEE TR L O~10em LD AR b5 H D2% <, ZORIZH mm O =
R = —HEROIHICE « L A bhic, BEKD 7 r =7 4 VEIZEHDTEL, ik 400
ng/l, FgL T 120pg/l KL, FAKPEDT I v 2 b vk b0y, FoiEk
o7 mr7 4 A BEOMI004ET, FWARTINGEALRONLVEEE Th » o, WK
B L2l R o ) VR 0.9pg-atoms/l T, EROUHRD 34E, @B HEr ARLF
¥ 09 mg/l LA L < _EEOUEIRD 2 Th 5 7.

LosL, 120ug/l D2 mm 7 4 VED 7 A WDEERD ) VI8 LU A ROE L, PARSON
LEDOME L VEHET DL, ThFEN 6.9ug-atoms/l 35 X 08 40~60ug-atoms/l & 72 b, ¥FKD
HEEERCIEET M OBED T~8 i L

VN PULAE IR YN

KRB ROEHRE 47% DK e, TTEE T T 133 % ZoBKIEDW
KEFR AR LI, FRFRD 2 a v 7 4 V&L, KO LITEENHYOFIL 3pe/l &



Color photographs taken off Pownt Barrow, Alaska at the end of July 1964.

Photo 1. A profile of summer sea we (about 2m thick), when the icebreaker
split the ice, showing a development of colored layer and its partial
degradation at the bottom side.

Photo 2. Charactenistic surface round pools on sea we viewed from the helicopter

at the height of 1000 feet. Their diameter ranges from 3 to 30m.



Photomicrogiabhs of sectioned mucrobicla of sea e tuken in a cold room without melting

Photo 3. A young colony of diatom.
A bundle of rod at the center 1s
dwatoms showing an ncrease 01
division _from a single cell. Black
round shadows are air bubbles and
net-shaped lLines are boundary of

wce crystals.

Photo 4.  Mucrofissures between 1ce
crystals full of bnne solution and
a loose dwatom colony i at. Any

grazing by zooplankton will be

impossible before degradation.

Photo 5. Partwally melted macrobiota
of datoms showing an active
lining state of indwndual cells.
The particles in cell structures are

well recongmzed.

% B
3% .
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DS DBV, BIKEOHBE OB FRMEK Tl 2.1 ng/l Th - e, & DFITIEKFDORE
W75 v L, EEKETHME Ly 1 B NMEKOBRRICL b, B IhHEREELD
5. BEY) VB X OBEr 18I, EES DS 0.3ug-atoms/l, 1.5 ug-atoms/l + &
BWREDWKOZNLN /2K L 0N/3 Tho e, ZHEDRBHBEL, BIKEOEMEIE
KRBT Y ViR 2.5~3.5ug-atoms/l, Y5t 7 1 Bos 30~50pg-atoms/l 12 H L CTIE T
<, BiERAT 1/30, #%E X 1/10 123 &E gy,

KA EHEDOS & LT DOWKERDOE A

Barrow @ EIKIL, BT 40 8E LARSFOERRE T 7 v 2 F viKEZFOHRE
(Y« EMFAIEREILE e b, Bunt %50 McMurdo o E#E KA L AHEKER D
BHEKEFBEEZ NS, LhL, TOERBRECOWTL, WERHRA IR TV
Ve e, BEEEMEAREES S V2 VK, BEYERS I v P vKEEY, KE
TZ VI VIKDEBFEN LRSS L TERER TR,

ER T Z v 7+ KOBHMRES

Photo 3-5 13756 Ha KD ¥ 12 FIC L FEHSEEE Th %, Photo 3137 1 v/ =
me—t UTHBHEFA L TV BAEERL TV 5, RSB H IX¥EKOMEHEONRE T, #Hih
BHICH L TCEEFRACE > TWb., BUVPNIBAGEIZTEEKFDOL Lo d b ERD/N
T, PRIEOELFRCRLE,» 7 1 BTH 5.

Photo 4 IZ¥EK DA DK E SN DNV REILr 18D 2 v = —%RT. ThiE
F—TEEOMADERL, HONCHE Lcb DT, Bkhics 52 bhicd TliiRVE
BRT.

Photo 5 I3FEICHEDEARKRE KD r 1 E = = = — T, MBEAKOES FhE
PEoE D IFERTED., iR Dr 1 EIEFEREBIILY, ZOBOEHN 277V 7T
B IBDHBEIEFLALRITCONREVERYRL TV S, S REOHMEGIL 7 1 O AETEL
HKHIC E U Dbk Tfricdbh, water-in-ice DR THLELXRL T 5.

& iy
FABDEE L TV AHKEDOBEYEZEINTE T 2HIZRETEHLS. LL, ZORNER
WEKD #EERE D HERTHEEMND, BIIFEC FHE2E>RE LTEHETAZENTSE
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5.

WD, BENDLEKNTTHHENGE S &, KRB ESV ORKRE@RYHRD 5. 20
HAENL, B ) LEEKOBBRII THREROTRELMIMICHIYS L, IR OREL, KOB
H=1L7°~0°C icfficn . —HREMET L, RKDEENMET T 525413, wIEARD
Kof@mAERE L, WIEBOHEBE ML, TOWEE L EREOBMAIL, BN
BRI L DRI DOKAETORTELIND, TOMKE, & LIRESEIVEERES LOR
BEYAHTZENTES., COL B EKEKEDHERTIIB= I AF 2R ED
NARFIITBEZLIZIER TR V2%, WROBEBER L ORBEOE(LIIIEFITAKE .

M L OGENE YK DR I M L2205 2HOWHEN OB BE & L O BEEL
V3 ¥EKOERMOMET & [EEOWE RIS L IXIEEC R D, BERIERRITIL L,
K2 —20°C 2 T & H 2L, TORBEGEEDHAAMLIS. LxL, K
DB FEILISIE FOWIKDOEE —1.7°~1.8°C tH h, TI1EH —20°C DU & 7e pRi o4k
& LTIRER AR TIR NS,

- T, YEKDERMNL < 30cm 2D\ 2 H B EKDOFE SN BB T2, HEKIERER
1z brine ¥ 3Lz D o FRAMSIET T v 7 v ORETIL, B IRE TRBAT AH
NTEXBHLEZDLND.

Table 1 |3=5%8 12 X - TIRHE SRR OE S E EKEREDORIC & - CTRDIEH
D75 vs b vEABOREALIEFTBEOHEEETH 2.

Table 1. Physical and chemical environment of brine cells near the bottom of

sea ice in winter.

Distance from Temperature Salinity Phosphate-P Silicate-Si Osmotic
the bottom of pressure
sea ice °C V) P mg/! SiO; mg/! Atom
5 cm -1.75 18.0 0.18 2.74 ca 20
10 cm -2.61 26.2 0.26 4.0
30 cm -4. 45 44.7 0.45 6.8 ca 70

The values are calculated on the following assumptions:
1. Thickness of the sea ice is 2m.
2. Air temperature is —20°C.
3. Water temperature under the ice is —1.7°C.
4. Heat conductivity of the ice is vertically constant.
5. The relative concentration of phosphate and silicate to salinity is the same as that of sea

ice in August.
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T=-55§ S=salimity
grams of salt per gram of sea water

T=freezing point °C

o = A

120pg/l D 7 = v 7 4 N R FEOFGFICHE LICEEFRO ) v 8L U 1 R, Table2
R L 5L, VvELT65pug-atoms/l, 13 & LTit 40~60 png-atoms/l 12 3% -3
%.

LA L, YKo e Fh e h 0.3~09ug-atoms/l, 2~15ug-atoms/! i 4 &,
C DL 1L LR TR &, (s h DREBREDOBEIEAR DR BE/SE TR B
A

BKBEDOEREE S 7 v 7 b VIKKBWT, RERIZILEORSEICRKEDRBLEE
DEVEARNRETHH T, TOCRELEGROBBELZENCHA LB, LarL, BB

’ Chlorinity( 0/00 )
0 1 2 3 4

7 T T ===
//}l

d/
1m+ A

B

2m-

C 1 ] 1

Depth from surface (m)

Fig. 2. Vertical distribution of chlorinity in the Arctic sea ice. Seasonal
change from April to July showing descending brine in ice.
A. According to MALMGREN et al., 0 April.
B. Barrow (71°20'N, 156°46'E), July 11, 1964.
C. Wainwright (70°57'N, 158°58'E), July 31, 1964.
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Table 2.

AR B0k Rmy W

layer at the bottom of sea ice.

(2266) (/AL

Chlorophyl-a and nutrient salts concentration of plankton colored

Sampling date Chlo;g}/)}]yl-a Chlorlinity Ph](;sp;:g/t?-? g%ligzat;-gs/il
July 27, 1964 180 2.8 0.075 1.5
221 1.6 0.07 2.1
91.5 0.62 0.025 0.5
93.6 1.4 0 07 0.8
251.0 2.6 0.01 2.1
427 — — —
41.0 1.1 0 01 07
36. 4 0.25 0.01 0.4
July 29, 1964 33.0 0.59 0.01 0.6
72.0 0.59 0.02 16
62.7 0.64 0.01 0.8
118 0.12 0.02 0.8
47.0 1.8 0.01 0.4
10.2 0.55 0.01 0.4
Average 120.3 1.13 0. 027 0.93

Location of sampling:

Off Wainwright, Alaska,

Lat. 70°55’N., Long. 159°12'E.

Table 3. Average content of chlorophyl-a and nutrient elements in various parts

of sea ice and sea water collected off Barrow in July and August,

1964.
- Phosphorous Silicone
Chlorophyl-a| Chlorinity P pg/l Si mg/!
ne/l o PO,-P | *Diatom-P | Silicate-Si | *Diatom-Si
Pool water at the | 0.3 0.79 2 j 0.5 0.12 | 0.00e-0.009
surface of sea ice
Middle part of sea 0.0 0.92 9.3 0.0 0.07 0.0
ice
Plankton colored 120 1.13 27 204 0.44 | 2.4-3.7
layer at the bottom
of sea ice
Sea water just after 3.1 4.71 10 | 5.3 0.05 | 0.06-0.09
sea ice melting }
Sea water in open 2.1 13.3 17 3.6 0.14 | 0.04-0.06
lead ‘

# Diatom-P and Diatom-Si are the respective elements

composing diatoms.

The values are

calculated from the chlorophyl-a content of the samples according to Parsons et al. 7.
(P/ch-a=1.7 and Si/ch-a=9.4 in Coscinodiscus sp., P/ch-a=1.7, Si/ch-a=14.3 in Skeltnema

Costatum.)
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5 v 7 b VIKERWTL, K SERIR I 200CHIRIN TS, Fht0k
KAECHNEOEE TIZ/e, REL W cm BROTJICR S 23L, BEEICHEM L 2K
B DRIND ZTIRFEFEE LISV . Fox ik Z D R#HE O MIEA L L TRD _EfouEk
RICZHIE D 2 FNEREEOFIAE VIR L 25D LHEEL T 5.

Fig. 2 jz MALMGRENZ® 214 AICHLKEIC R CTHIE LR DB S DEES &,
23T ARG IHEK & DB AR Lc, BHIOBEFREDFIL 09 % T, Livb UK EER
e Aious LT, 4 ADUEKIE, i 24% THOK EENZ L&V, Z D#ROE S
DEALTLIADH D 18 DI1Z LYK DOBENF L, £ DfFEK% brine & LT& h Z &, K
E7ieh L KOBEITHBHRFL D, brinend hZZdh+imlinsd, ZDEE4A
DRI ERICGERER <, ERCPQREVKDT 2. —HENDEMTTE D Ehic
brine 1%, KOFEFRDHLE > THRACTREL, MKOERLSES R S, BEOEE
SOEKCELT 5.

WEMEY YER, 7 BREORERIYMEEL L CRIBTEIZ L 5 L THUE, BRI
EKIZE D & FNIREHT, YEKOBEICAE > THOKER D 7 1+ I gis s hig s, BEX
25m OTED L S LTHENTS ) vEREOHEEIIKRDED Thb.

\ t AOEBRE - Eo%ERE
Im? 34 h 8 ) VIR =F O¥ikhD Y vERX -
mg-atonlljs/rn2 mg-atoms,/m3 HOEFRE (o)

=0.3%x ~2'74$—X 2.5=1.3 mg-atoms/m?

%X 2.5m

DV VEBREIL, 7rr 7 40 120pg/l DFEMR, B X 20cm ORONMNIEY vE 1.3mg-atoms
/m? L EHLDTEIL—FT 5. Linl, IOFLUSHCERNDOEERBIC L 24681, I
RN AT DA K I L OERIE Tl fTiab T b S I3 ST 2 gL,

2R LTEBKDEZ L 70w 7 4 VBT, FRORBEERN—DODOHIBRFE -
THI20~30cm DEIIL L & E 5TV 5 & BN 5.

X o o ft i

KT O KBITH U CHRFPOEY D b bIF BEMIL, KERITHITIHOERTE .

LITTLEPAGE |2, Eifi McMurdo @ 3m O¥Ek FOBRITIL, WKERDEIE 1 %0
HNEFRET D EHEL T2, RART 7 v 27 2 VKB TUIKRE25 %M 03 F T2 DI
HLT, ERMZI v b VkOXDOEBRIZIEE DI,
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John C. REED 12 LA, dWKECE T DMdE ¢ A2 L8 HpgETo ¢ n
AEREROGRLRAHHT, BROBRXL6ATATHS. Lil, BERRIITIL
DD 1 2ATHRCTT RFA, Wkndo b 53 &d, Bl »ABKRTSAT

BB ADMDTEHS.
Z OREIRRIES X OVHREET TIRXEORBFIFIH OE B, HERKA DA ITIEKT
DKL TENTH D EEL BRA,

75 (a8 O E IR AR B

Wik DB EBIT, FEci: BBoKCE L CE L, EROMOMASIILR > THEL,

=

— _.—— Snow

H\ Sea level

Descending of brine

e —— m\\\
Plankton colored layer
_ﬁ_.,;/.::_;:/// Dust from land
e U RERALARRILRAR 9.

Development of plankton colored

layer at the bottom

Development of surface pools

o A

>

Melting off of plankton colored layer
N

7 — ——1 |—
% - 6.
, I T77 S. L
rd
Degradation of sea ice Formation of second year ice

Fig. 3. A presented mechanism of sea ice degradation in the Arctic. Develop-
ment of plankton colored layer at the bottom and dust precipitated

pools at the surface.
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ERLUIcr 1 RBEVERCRET 5.

COBHIIHKINC L 2RKOBEIZ L 5 Th X <R bR, Fio, KEADHE TIE, ¥EK
RIS DEBARNER L 7o TRELTVWS0037 A2TAR L U9A BRI A, 2D
BRI EEEVERC T b s b o e E 2 bh 5.

HHIHERKOEENSEMIE T 5 &, WRKRIBEARIIBEA LT WERER TIRHERD
BE —1.7°~0°C 2l b, FAUPKEEORE biiko@ms —1.7°C it s, FO/RER
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IOHERBEOBRFCERINCERYL, 3ETOEEOMEERELEZ SRS,

B, JEKEO—RAEDRFREIL, WKFEE T, ENDLEEMLTT, 875 v 7
MY X DBEINRDIHER L Thbil, 2 LTERINCKREDHEY Y, HEKI %
TORIC—PFICERH L, TR aEad 2B D & E M REICHiing 5 & o ) s
BART D, COX BT -0 EERDILKFER S VTR LR —IRERE & ZIRAERE
DBIRIZIEIE L CHAT 2HFNTE 5.
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Navicula 9%, Pinnularia 7%, Pleurosigma 1 Fp-3 CIRAEINT W5, S HDAEF
ERIITIobeno oy ThEIZB LA HERO LD THY, Kpiikl) s BREEE
b, ERRESCHEELTVS2hDE Bbh s,

r A WS OB S RV HRIER LB A, dbodkhic R Xy 4 Y v IzR
D h Th b

Navicula valida

N. gracilis var. inaeqalis
N. transitans var. erosa
N. transitans var. derasa
N. transitans

N. algida

N. obtusa

N. kjellmanii

N. crucigeroides

Pinnularia quadratarea var. stuxbergii
quadratarea var. biconstracta
semiin flata

semiinflata var. decipiens
quadratarea var. constricta

quadratarea var. capitata

IR R

quadratarea var. constricta f. intrrupta

Pleurosigma stuxbergii var. rhomboides

JEKPER BT B EBIKD 5 A4

CaMmsEL 2> DaviDsoN J3EDF T, EWICR 2 KEOFILMBETIL, BE AL
TRTOWIR CABRLHEAN AN D ERNTVBH, 38X 0T« 233 L 7 Point Lay~
Barrow M0 EKIR TI2 I3 ERIRICH o THERNBRESNCH, 3 IOTORRORIE
EHENLELT, ERY 7 v b vkidukEO—REEOEAITHR L EL bR S, b
L4 DFEH(H 120pug chlorophyl-a/l, [E & 20cm b3 83T % L, Im? 24 p 24mg b 7
ma 7 4 AHNEKPIFEEL, ThrEAOETITOMAEREL LTEXLLNS.

T/ AKFEOBECKIFKEDEEKHFICB VW TEALNAEEDOT I v 7 + VIRELT
VW AE, BIUOHERIRBEODL VA T—HT 2HEFRE. ILRBREOSZVEKE
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D—FERHETRONICEEE T 5 v 7 + VK, Barrow iz R oshich - 7.
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