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BOTTOM TYPE 'PLANKTON ICE' IN THE ARCTIC OCEAN 

Hiroshi MEGURO,* Kuniyuki ITO** and Hiroshi FUKUSHIMA*** 

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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Fig. 1. Sketch of the Arctic sea ice in summer. 

(a) Hodgepodge of the Arctic sea ice in summer. 

Ch) An example of fragments of plankton colored layer at the bottom 

of sea ice. 
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Color photographs taken off Point Barrow, Alaska at the end of July 1964. 

Photo 1. A profile oj wmmer sea zce ( about 2m thick), when the icebreaker 

split the ice, showing a development of colored layer and its partial 

degradation at the bottom szde. 

Photo 2. Characteristic surface round pools on sea zce viewed from the helicopter 

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



P/1otominog1afJh1 of 1eltwned 1mcrolut,1 oj 1ea ice l:.ken zn a cold room without melting 

Photo 3. A young colony of diatom. 

A bundle of rod at the center zs 

diatoms showing an increase 01 

divzszon from a single cell. Black 

round shadows are azr bubbles and 

net-shaped lznes are boundaiy of 

zce crystals. 

Photo 4. Microfzssures between zce 

c1ystals full of brine solutzon and 

a loose diatom colony zn it. Any 

grazing by zooplankton wzll be 

impossible before degradatzon. 

Photo 5. Pai tzally melted mzcrobzota 

of dzatoms showzng an active 

lzvzng state of individual e,ells. 

The particles in cell structures are 

well recongmzed. 
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Table ] .  Physical and chemical environment of brine cells near the bottom of 

sea ice in winter. 

D istance from Temperature Salinity Phosphate-P Silicate-Si 
the bottom of 

sea ice oc  %0 p mg/l Si0 2 mg/l 

5 cm -1 . 75 18. O 0. 18  2 .  74 
10 cm -2. 6 1  26. 2 0. 26 4. 0 
30 cm -4. 45 44. 7 0. 45 6. 8 

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 - l .7 ° C. 
4. Heat conductivity of the ice is vertically constant. 

Osmotic 
pressure 

Atom 

ca 20 

ca 70 

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= -55S 

* 

S= salimity 

grams of salt per gram of sea water 

T= freezing point °C 
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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.,10> 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. Chlorophyl-a and nutrient salts concentration of plankton colored 

layer at the bottom of sea ice. 

Sampling date Chlorophyl-a Chlorinity Phosphate-P Silicate-Si 
µg/l 0 '  

/00 P mg/l Si  02 mg/l 

July 27, 1 964 1 80 
22 1  

9 1 . 5 
93. 6 

25 1 .  0 
427 
4 1 .  0 
36. 4 

July 29, 1 964 33. 0 
72. 0 
62. 7 

1 18 
47. 0 
1 0. 2 

Average 1 20. 3 

Location of sampling :  O ff  Wainwright, Alaska, 

2. 8 0. 075 
1 .  6 0. 07 
0. 62 0. 025 
1 .  4 0 07 
2. 6 0. 0 1  

1 . 1 0 0 1  
0. 25 0. 01  

0. 59 0. 01 
0. 59 0. 02 
0. 64 0. 01  
0 .  12  0. 02 
1 .  8 0. 0 1  
0. 55 0. 01  

1 .  1 3  0. 027 

Lat. 70° 55 1 N., Long. 1 59° 1 2'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. 
--

1 .  5 
2. 1 
0, 5 
0. 8 
2. 1 

0 7 
0. 4 

0. 6 
1 0 
0. 8 
0. 8 
0. 4 
0. 4 

0. 93 

I 
I Chlorophyl-a Chlorinity Phosphorous Silicone 

Pool water at the I 

surface of sea ice 

�1iddle part of sea I 
Ke 

I 

Plankton colored 
layer at the bottom 
of sea ice 
Sea water just after 
sea ice meltin g i 

Sea water in open I lead 

µg/l 0' 
/00 

o. 79 1 0. 3 

0. 0 o. 92 I 

1 20 1 .  1 3  I 

I 

3. 1 4. 7 1  

2 .  1 1 3 . 3 

p µg/l 
I 

Si mg/l 

P04-P I *Diatom-P Silicate-Si I *Dia tom-Si  
I 

I 
I 

2 I 0. 5 0. 1 2  0. 00 

I 9. 3 0. 0 0. 07 0. 0 

6-0. 009 

I 
27 204 0. 44 2. 4-3. 7 

1 0  ! 5 . 3 0. 05 0. 06 -0. 09 

1 7  

I 
3 . 6 0. 14  0. 04 

I 

-0. 06 

* 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 i .  

(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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Dust from land 
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layer at the bottom 

Deve lopment of surface poo ls  

4 . � 

Deg radation of sea ice 

M e lt ing off of p lankton colored l ayer 
� 

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. 

6 .  
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J: 5 v::::.#fr1.kO)geJl'*1v::::.Jllli �:ti 0 � 1 •O) l*J�GO)*'EJ.lfilfwjf�Hi, vi c A- t·:;t�v::::.f*fif � :tit 

1a IJ ,  *'Effiv::::. J: 0���0)7t[Wvi @":boot#JU�N � :rt "( \, ,  0 c ,W,:b:h,0 .  

:: O)*vigeJl'*1vcBM� :rit.:..��4mv:t, vivf-t0)1f:!Jr0)*1f!:±gg:I: c � x_ G:ri 0 .  

li!Pt> ,  �t,.kr$0)�<'.7Z:±ggO)*l�vi, #fr1.k'*1 v::::.1o \, ,t ,  �iJ:, GJlv::::.il\H'"t,  tv�'f:17°
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r Y v::::. J:  IJ tm� � :rt0$tJ: < 1itJ::b:rt, ii \ <  L tBM�:rit.:..*:1:0)����, g'@.1.kil;M� 

-t 0�v::::.��v::::.ttm L, -t:ri�tm�--t 0tb�ff i i  t.:..mMr1=1iv::::.��v::::.ti1w--t 0 c " ,  5 Mat=ftt 
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1r 1 ;� -eJs o .  .::. 0) $ v:. vi "' 'n� o ffrtivi1!;- i .tL -n, , tJ:: "' , .  

Navicula 9 w, Pinnularia 7 w, Pleurosigma l wh;-t --evc [P]7E'. �;h,-c 1,., , 0 • s::. ;h, G 0)1:Jfil 

�!1lvi{ftJ:ntJ::h • -? t::.h;, .::. .tL� vi Vil c A.., c.: *15��0) cL O) c'iS 1? ,  1.l<.$ vc;l:ovt 6 ��EE� 

1ri, {tsJ�It�vcj]NfiS L -c 1,., ,  � cL 0) c ,�,h.tL 6 .  

1r 1 �tJJi-O)�J1h;� i .tLtJ: \., ,$vict: § L:?.� 6 .  �tti.O)ffli1.l<.$ vcJl1:H � .tLtc: 1r 1  'J ¢ vic5z 

O)Jfil. 1; c'Js o .  

Navicula valida 

N. gracilis var. inaeqalis 

N. transitans var. erosa 

N. transitans var. derasa 

N. transitans 

N. algida 

N. obtusa 

N. k jellmanii 

N. crucigeroides 

Pinnularia quadratarea var. stuxbergii 

P. quadratarea var. biconstracta 

P. semiinflata 

P. semiinflata var. decipiens 

P. quadratarea var. constricta 

P. quadratarea var. capitata 

P. quadratarea var. constrict a f. intrrupta 

Pleurosigma stuxbergii var. rhomboides 
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