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S u m m a r y .  U s i n g  d a t a  t h a t  h a v e  b e c o m e  a v a i l a b l e  d u r i n g  

t h e  l a s t  t e n  y e a r s  we  h a v e  r e e s t i m a t e d  t h e  a n n u a l  p r o d u c -  

t i o n  b y  p h y t o p l a n k t o n  in  t h e  a r c t i c  m a r i n e  e c o s y s t e m .  

T h e  n e w  f i g u r e  is s o m e  s i x t e e n  t i m e s  h i g h e r  t h a n  a n  est i-  

m a t e  m a d e  i n  1975.  T h i s  is o f  c o n s i d e r a b l e  s i g n i f i c a n c e  

r e g i o n a l l y ,  b u t  st i l l  d o e s  n o t ,  o f  i t se l f ,  i m p l y  t h a t  g l o b a l  

p h y t o p l a n k t o n  p r o d u c t i o n  is u n d e r e s t i m a t e d  a t  p r e s e n t .  

Introduct ion  

A p r e v i o u s  e s t i m a t e  o f  t o t a l  p r i m a r y  p r o d u c t i o n  fo r  

a r c t i c  w a t e r s  was  13 x 1 0 6 t  C y - t  ( P l a t t  a n d  S u b b a  R a o  

1975) .  T h i s  c a l c u l a t i o n  w as  m a d e  as  a c o m p o n e n t  o f  a 

w i d e r  e s t i m a t e  o f  g l o b a l  p r o d u c t i o n  b y  m a r i n e  p h y t o -  

p l a n k t o n :  i t  was  b a s e d  o n  v e r y  l i m i t e d  d a t a ,  a n d  sweep-  

ing  a s s u m p t i o n s  h a d  t o  b e  m a d e .  

I n  t h e  i n t e r v e n i n g  y e a r s ,  t h e  M a r i n e  E c o l o g y  L a b o r a -  

t o r y  ( M E L )  h a s  c o n d u c t e d  six c ru i se s  t o  t h e  e a s t e r n  

a r c t i c ,  d u r i n g  w h i c h  s t u d i e s  o n  p r i m a r y  p r o d u c t i o n  h a v e  

b e e n  c a r r i e d  ou t .  O t h e r  g r o u p s  h a v e  a l so  a c c e l e r a t e d  

t h e i r  r e s e a r c h  o n  t h e  p r i m a r y  p r o d u c t i o n  o f  t h e  sub-  

a r c t i c  a n d  a r c t i c  w a t e r s  as is e v i d e n t  f r o m  t h e  l i t e r a t u r e  

(see N e m o t o  a n d  H a r r i s o n  1981,  H a r r i s o n  et  al .  1982).  

P h o t o s y n t h e t i c  r a t e s  o f  i c e - b i o t a  a r e  b e c o m i n g  a v a i l a b l e  

(see A l e x a n d e r  1981,  H o r n e r  a n d  S c h r a d e r  1982).  B a s e d  

o n  th i s  e n h a n c e d  d a t a  b a s e  a r e c a l c u l a t i o n  o f  a n n u a l  

t o t a l  p r i m a r y  p r o d u c t i o n  in  t h e  a r c t i c  w a t e r s  is j u s t i f i e d ,  

a n d  is r e p o r t e d  h e r e .  T h e  f i gu r e s  r e q u i r e  a s u b s t a n t i a l  

u p w a r d  r e v i s i o n  f r o m  t h o s e  e s t i m a t e s  m a d e  in  t h e  e a r l y  

1970 ' s .  

covers 8.2 x 106km 2 (Table 19, Moiseev 1971). Weeks (1976) 
estimated that 4% of the arctic basin (shelf area) and 5% of the 
offshore province are covered by young ice (first year ice) during 
summer, which corresponds to a total of about 0.6 x 106 km 2. Young 
ice serves as a substratum for algal growth. The extent of the sea ice 
cover varies with the season from a summer average minimum of 
5.2 × 106 km 2 to a winter average maximum of 11.7 x 106 km 2 (CIA 
1978). The ice thickness also varies between the thinner ( 0 -  <2m),  
weaker first year ice and the thicker (up to 30 m), stronger multilayer 
ice (Weeks 1976). 

Details of sampling during the arctic cruises from our laboratory 
are given in Table 1. At each station standard hydrographic measure- 
ments were made. Chlorophyll a, an index of phytoplankton biomass 
(B), was determined by the fluorometric method of Yentsch and 
Menzel (1963). The 14C method (Steemann Nielsen 1952) was used to 
determine the rate of photosynthesis (P) at various levels of irradiance 
(I). Details of the experimental methods are given in Irwin et al. (1980, 
1982, 1983a, 1983b). The mathematical formulation of the relationship 
between P and I is according to Jassby and Platt (1976) and Platt et al. 
(1980, 1982). 

Total incident light was measured with an Eppley 40-junction black 
and white pyramometer and the output was integrated hourly using a 
Licor 550 printing integrator. Using a Licor Li 185A Quantum meter 
fitted with a 190 S underwater quantum sensor photosynthetically ac- 
tive radiation was measured in each bottle position. 

The hyperbolic tangent equation of Jassby and Platt (1976) 

pB = pB m. tanh.  (cd/pBm) (1) 

was used in the earlier investigations that employed low light incuba- 
tors (Table 1, Labrador Sea, Baffin Bay Cruises 1977- 1978). In this 

Table 1. Sampling details during the MEL arctic cruises 

Region Period No. Sampling 
expts, depth (m) 

Material  and Methods  

Geographic Region 
In this paper, waters north of 65 ° which include the Arctic Basin 
and Norwegian Sea are considered as arctic waters: a variety of envi- 
ronmental conditions is represented. They occupy an area of 
13.10 x 106km 2 (see Tables 13 and 19, Moiseev 1971). Of this, the 
shelf area (<200 m) occupies 4.90 x 106 km 2, and the offshore slope 

Labrador Sea 15 Oct -31  Oct 1977 29 10 -30  
Labrador Sea 11 F e b - 2 8  Feb 1978 32 10 -30  
Baffin Bay 25 A u g -  15 Sept 1977 30 10 -  30 
Baffin Bay and 

Lancaster Sound 30 A u g -  14 Sept 1978 30 3 - 54 
Baffin Bay 1 A u g -  3 Sep 1979 97 5 - 3 0  
Eastern Canadian 

Arctic 16 Ju ly -26  Aug 1980 58 0 - 6 4  
Foxe Basin 27 A u g -  7 Sep 1981 13 0 - 4 0  
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equa t ion  pBm, as s imi la t ion  number ,  denotes  m a x i m u m  p r i m a r y  produc-  
t ion  (at  l ight  sa tu ra t ion)  no rma l i zed  to b iomass  and  expressed  as mg  
C - mg Chl  a - l h - 1 ;  e is the in i ta l  s lope of  P- I  curve  expressed as mg 
C . m g C h l a - l h - l . W m  2 and  I is the pho to syn the t i c a l l y  act ive 
r ad i a t i on  (PAR)  measu red  in W m -2.  

I k - the l ight  a d a p t a t i o n  index  is der ived as: 

I k ~- P r~ / e .  (2) 

In  subsequen t  cruises when  h igh l ight  in tens i ty  incuba to r s  were used a 
con t inuous  exponen t i a l  func t ion  equa t ion  was used  by P l a t t  et al. 
(1980) which  is expressed  as fol lows:  

pB = ps  B . (1 - e  ~I/I~B) . e-~t/I'Bs (3) 

where  Ps n is the ra te  of  l ight  s a tu ra t ed  pho tosyn thes i s  if  there  were  
no p h o t o i n h i b i t i o n  and  expressed  in  uni ts  s imi la r  to  PSm, i.e. 
mg C • Ch l  a - l h  -1 .  

[3 denotes  p h o t o i n h i b i t i o n  and  has  the same uni t s  as a,  i.e. 
mg  C • mg  Chl  a -  lh  - 1. W m - 2. In  a d d i t i o n  to the m e a s u r e d  pa rame-  

ters PB m, Ps B, c~, 13, IK, two add i t i ona l  pa rame te r s  I m and  I b are  a lso de- 
r ived f r o m  the equa t ion ,  as fol lows:  

I m = l igh t  in tens i ty  o p t i m a l  f o r  pho tosyn thes i s ;  

Ps B / tx+ 13\ 

S imula ted  p r i m a r y  p r o d u c t i o n  prof i les ,  a p roduc t  o f  ch lo rophy l l  and  
p r i m a r y  p roduc t ion ,  were genera ted  fo l lowing  the m e t h o d  of  H e r m a n  
and  P l a t t  (1983) and  P l a t t  and  H e r m a n  (1983). An  unde rwa te r  l ight  
meter ,  a t t ached  to  a submers ib le  p u m p ,  was used  to ob ta in  the l ight  
i r r ad iance  prof i l e  and  a t t enua t i on  coeff ic ient ;  ch lo rophy l l  values  were 
based  on  f luorescence  profi le .  P r o d u c t i o n  per  un i t  vo lume  (mg C 
m - 3 .  h - l )  was ca lcu la ted  by  mu l t i p ly ing  the ch lo rophy l l  wi th  corre-  
spond ing  mg C Chl  a h I ob t a ined  f r o m  the P-I  curves  ( Jassby  and  
P l a t t  1976) and  values  for  the var ious  dep ths  were in t eg ra ted  for  col- 
u m n  rates.  Loca t i ons  of  the Arc t ic  s ta t ions  discussed in this  compen-  
d i u m  are  shown  in Figs.  1 - 3 .  

Results and Discussion 

The ranges of  variation of  phytoplankton biomass and 
pr imary product ion f rom our own arctic cruises are 

Tab le  2. B iomass  and  p r i m a r y  p r o d u c t i o n  in the arct ic  seas based on  
M E L  cruises 

Ch lo rophy l l  a P r i m a r y  p roduc t ion  
~tg 1-1 mg  C h -1 m -3 

Range  0.05 - 15.0 0 . 0 2 - 1 4 . 0 1  
1.7 2.73 

S . E .  0.12 0.18 
N 320 320 

shown in Table 2. They are consistent with the ranges 
f rom a wider geographical area compiled f rom the litera- 
ture and presented in Table 3. 

The max imum specific production (assimilation num- 
ber) ranged between 0.11 and 10.33 mg C mg h -1 Chl 
a -1 with a mean of  1.96 (Table 4). This mean is of  simi- 
lar magnitude to values found by other workers (Table 5) 
in the Arctic (1 - 1.5). 

The assimilation numbers f rom the arctic, of  course, 
are generally low compared to those f rom the temperate 
and tropical waters (Platt  and Subba Rao 1975), but the 
ranges overlap with those f rom the Antarctic; 0.48 - 2 . 0 4  
(Saijo and Kawashima 1964)), 0 . 6 3 - 2 . 6 5  (Burkholder 
and Mandelli 1965) 0 .021-1 .184  (Whitaker 1982), 
0 . 5 - 5 . 2  (Jacques 1983), 0 . 3 7 - 0 . 7 4  (E1-Sayed and 
Weber 1982), 0 .07 -2 .91  (Neori and Holm-Hansen  
1982). 

The cz values in the region of our sampling ranged 
between <0.01 and 0.23 mg C (mg Chl a) -1 h -1 
( W m - 2 )  - t .  Smaller sub-sets of  the data had ranges 
< 0 . 0 1 - 0 . 1 4  f rom the eastern arctic (Gallegos et al. 
1983) and 0.04 - 0.10 f rom the Foxe Basin (J. C. Smith et 
al. in press, and in preparation). The present mean Ik of  
29 W m -2 and I m of  122 W m -2 (Table 3) compare  fa- 
vourably with the sub-set means ( I k = 2 5  W m -2, 
I m = 126 W m -2) reported f rom Baffin Bay (P la t t e t  al. 

Tab le  3. C o m p a r i s o n  of  b iomass  and  p r i m a r y  p r o d u c t i o n  in the arc t ic  seas 

Reg ion  C h l o r o p h y l l  a P r i m a r y  p r o d u c t i o n  References  
I~g 1-1 mg  C h -1 m -3  

H i g h  Arc t i c  0.0 - 5.72 0.11 - 4.90 

Reso lu te  Bay 0.01 - 15 - 
D u m b e l l B a y  1.1 - 8.2 1.63 - 6.58 
C h u c k c h i  Sea 0.25 - 40 0 - 44.20 
Brevoor t  H a r b o u r  0 . 3 3 - 1 0 . 2 1  1.40 - 7.98 
F rob i she r  Bay  ~-0.3 - 5.0 0.42 - 4.17 
M u r m a n  C o a s t  0 . 0 9 -  4.85 0.10 - 1.42 
W.  Baren ts  Sea - 0.32 - 8.60 
Baren t s  Sea 0 . 2 0 -  1.59 0.03 - 2.40 
S t r a u m s b u k t a  - 0.05 - 13.50 
Beau fo r t  Sea - 0.10 - 8.80 
K u g m a l l i t  Bay 

(Open  Waters )  - 5.40 - 18.40 
W e s t  I ce land  - 0.01 - 6.0 
G r e e n l a n d  Wate r s  - 0.5 - 7.0 
D i sko  F j o r d  - 0 . 0 0 4 -  1.84 
G o d h a v n  = 0 . 0 5 -  0.8 = 2  - 2 4  
Liver  P o o l  Bay  0.1 - 2.0 0.5 - 6.4 

Eng l i sh  1961 
W e l c h  and  Kal fe  1975 
A p p o l l o n i o  1980 
H a m e e d i  1978 
H s i a o  and  Trucco  1980 
Gra inge r  1979 
S o k o l o v a  and  So lov 'yeva  1971 
Cor le t t  1958 
Vede rn ikov  and  So lov 'yeva  1972 
T h r o n d s e n  and  H e i m d a l  1976 
H s i a o  et al. 1977 

Duva l  1977 
T h o r d a r d o t t i r  1973 
Pe te r sen  1979 
A n d e r s e n  1977b 
A n d e r s e n  1981 
Gra inge r  and  Evans  1982 
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1982). In the Antarctic all the 3 parameters ct, Ik, In, were 
lower than those for the arctic; t~ ranged from 0.017 to 
0.090, Ik 3 - -10  W m -2 and Im 1 8 - 4 8  W m 2 (Jacques 
1983). This departure could partly be due to the bias in- 
troduced when converting the light units (Klux) reported 
by Jacques to the W m - 2  used here. 

In the Arctic waters algal growth season is about 120 
days; in the Northwest  Greenland it is from April 
through October (Petersen 1964), off Murman coast, 
Scoresby Sound and Foxe Basin from May through Oc- 
tober (see Bursa, 1961), at Resolute Bay between July 
and October ( W e l c h a n d  Kalff 1975), at Dumbell Bay 
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from June to September (Apol lonio  1980), o f f  Straums- 
bukta during April to September (Throndsen and Heim- 
dal 1976) and in the Arctic Basin during August  and 
September (see Bursa 1961). Based on the Admirality 
Tables, a minimum of  2800 h o f  sunshine per growth sea- 
son are available in these arctic waters and we have there- 

fore based our annual primary production calculations 
on 120 d,¢24 h. 

A wide range of  daily integrated production values 
( 0 . 0 0 4 - 4 . 8 9  g C d -1 m -2) has been reported from the 
arctic (Table 6). In the arctic waters, because of  extended 
photoperiod,  hourly rates of  primary production are 
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multiplied by 24 to obtain daily rates. This is justified in 
view of the findings of Li and Harrison (1982) who dem- 
onstrated that in the Canadian arctic 14 C uptake rate was 
linear throughout the 24 h natural solar radiation period. 
Generally speaking the values were high in the shelf 
region such as the bays and including the fjords; for ex- 

ample Chuckchi Sea (3.0 g C), Beaufort Sea (2.54 g C), 
Bear Island (1.30 g C), western Barents Sea (1.33 g C), 
Straumsbukta (2.30 g C), Godhavn (1.93 g C), Lancaster 
Sound (4.75 g C), and Eastern Baffin Island (4.89 g C). 
These values are of similar magnitude as those recorded 
from the Antarctic waters around Gerlach Straits 

Table 4. Light saturation parameters in the arctic seas based on MEL cruises 

PB m C~ I k I m 

Range 0 . 1 1 - 1 0 . 3 3  0 . 0 0 4 - 0 . 2 3 1  4 - 7 6  19 - 3 1 5  0 - 0 . 0 1 7  
)(  1.96 0.069 29 122 0.002 
S . E .  0.08 0.002 0.70 4.4 0 
N 264 264 264 151 151 

Units: PBm: mg C (mg Chl a) -1 h - l ;  
ct, 6: mg C (mg Chl a) - j  h - 1  (W m - 2 )  -1; 
Ik, Ira: W m -2  
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Table 5. Summary of assimilation numbers f rom some arctic waters 

Region mg C h-1  mg Chl a -1  References 

Arctic 1 - 1.5 Steemann Nielsen and Hansen 1959 
High Arctic 3.6 - 7.2 Smith and English 1973 a 
Arctic Drift  Station T-3 3.8 Pautzke 1974 a 
Disko Bay 0 . 1 9 -  0.83 Andersen 1977 a 
Chukchi  Sea 1.3 - 1.5 Hameedi  1978 
Chukchi  Sea 0.3 - 2.0 Hameedi  and Shaw 1975 
Dumbell  Bay 0.2 - 4.2 Apollonio 1980 
Barents Sea - Murman Coast  0 . 0 9 -  2.66 Vedernikov and Solov'yeva 1972 
Godhavn 0 . 0 9 -  8.9 Andersen 1981 
Off  Spitsbergen < 1.7 Heimdal  1983 
Baffin Bay 0 . 7 9 -  1.22 Plat t  et al. 1982 
E. Canadian Arctic 0.11 - 2.41 Gallegos et al. 1983 
N. Foxe Basin 1 . 3 7 -  2.90 Smith et al. in press 
E. Canadian  Arctic 0.1 -10 .33  Present studies 
E. Baffin Island 0.31 - 3.80 Hsiao and Trucco 1980 

a See Hameedi  1978 

Table 6. Summary of integrated production in the arctic seas 

Region g C d -1 m -2  References 

Beaufort  Sea 0.12 - 0 . 5 5  Alexander 1974 
Beaufort  Sea - Pt. Barrow 0 .055 -0 .18  Alexander 1974 
Beaufort  Sea 0.01 - 2 . 5 4  Grainger and Evans 1982 a 
S. Beaufort  Sea 0.10 - 1.19 Hsiao et al. 1977 
N. Beaufort  Sea 0.004 H o m e r  and Schrader 1982 
W. Iceland 0.17 - 0 . 5 0  Thordardot t i r  1973 
Chukchi  Sea 0.07 - 3.0 Hameedi  1978 
Chukchi  Sea 0 .006-0 .684  Matheke and Horner  1974 
Dumbell  Bay 0.14 - 0 . 8 3  Apollonio 1980 
St raumsbukta  0.38 - 2 . 3 0  Throndsen and Heimdal  1976 
Godthab 0.90 Petersen 1977 
Disko Fjord 0.004 - 0.14 Andersen 1977 b 
Godhavn 0.34 - 1.93 Andersen 1981 
Western Barents Sea 0.28 - 1.33 Corlett  1958 
Off Spitsbergen 0.43 - 0 . 8 9  Heimdal  1983 
E. Canadian  Arctic 0.45 Grainger 1975 
E. Canadian  Arctic 0.227 Harr ison et al. 1982 
Davis Str. 0.02 Maclaren-Marex Co. 1979 
Foxe Basin 0.20 Smith et al. in press 
E. Baffin Island 2.21 - 4.89 Hsiao and Trucco 1980 
Baffin Bay 0.14 - 0 . 2 6  Herman 1983 
E. Canadian  Arctic 0.08 - 0 . 8 6  Harr ison and Plat t  in press 
Bear Island 0.98 - 1.30 Marshall  1957 
E. Canadian  Arctic 1.09 - 4.75 Gallegos et al. 1983 a 
E. Arctic 0 .058 -0 .190  Plat t  and Herman 1983 a 
Bering Sea 0 . 0 1 5 -  0.021 McRoy and Goering 1974 
Central  Arctic Basin 0.055 - 0.180 Alexander 1974 
High Arctic 0.22 Nemoto and Harr ison 1981 
North Polar  Sea 0.12 - 0 . 4 7  English 1961 a 
Murman Coast  0 .007 -0 .262  Sokolova and Solov'yeva 1971 
Murman Coast  0 .045-0 .594  Vedernikov and Solov'yeva 1972 

a Hourly  values × 24 
b Simulated in situ measurements 

Table 7. Incident radiation,  temperature and nutrients in the arctic seas based on MEL cruises 

I Temp. PO 4 NO 3 NH 4 
W m  -2 °C m g a t m  -3 m g a t m  -3 m g a t m  3 

Range 389 - 3500 - 1.5 - 8.0 0 . 1 6 -  3.1 0 - 16.6 0 - 7.90 
)( 1556 2.4 0.8 2.5 0.78 
S . E .  83 0.1 0.02 0.2 0.05 
N 87 304 320 301 305 
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(2.80-3.62 g C, Fogg 1977) or Signey Island (4.80 g C, 
Whitaker 1982) or from some of the highest productive 
temperate and tropical seas (see Platt and Subba Rao 
1975). However, considerable variation in the magnitude 
of production probably also exists within these areas 
even though the growth season is short. In the Beaufort 
Sea the daily integrated production was 0.004 g C m -2 
(Horner and Schrader 1982), 0.12-0.55 (Alexander 
1974), 0.055-0.10 (Alexander 1974), 0.01-0.15 
(Grainger and Evans 1982); in the Eastern Canadian Arc- 
tic 0.45 (Grainger 1975), 0 .08-  0.86 (Harrison and Platt 
in press), 1.09-4.75 (Gallegos et al. 1983) and in the 
Chuckchi Sea 0.006 - 0.684 (Matheke and Horner 1974), 
0 .07-  3.0 (Hameedi 1978). 

Based on the data given in Table 6, for the arctic shelf 
waters an average daily integrated production of 0.225 g 
C d -1 m -2 is calculated. These data include both short- 
term observations made over few days at one or more 
stations and as well as those extended over more than 7 
months duration (Sokolova and Solov'yeva 1971, Ander- 
sen 1981) at a nearshore station. Production values of 
about 0.2 g C d-1 m-2 are frequently encountered dur- 
ing most of the studies listed in Table 6. This is about 
25% of the estimate for Antarctic Shelf Waters (see Platt 
and Subba Rao 1975). 

Based on the few seasonal studies (Grainger 1979, 
Grainger and Evans 1982; Appollonio 1980, Hameedi 
1978, Matheke and Horner 1974, Hsiao et al. 1977) from 
the coastal arctic waters a spring peak in the primary pro- 
duction, somewhat similar to that observed in the tem- 
perate seas, can often be discerned. This peak may be 
complex for example in the vicinity of Murman Coast it 
may consist of four peaks of equal magnitude, corre- 
sponding to April, June - Ju ly ,  August and September 
(Sokolova and Solov'yeva 1971). In the Godhavn region 
there were three peaks occurring during Apr i l -May,  
J u n e -  July and September and during one year the first 
peak was of a higher magnitude (Andersen 1981). In 
Godthaab Fjord following a minor peak during 
March-Apri l ,  a pronounced peak was observed during 
June (Petersen 1977); this was followed by another dur- 
ing August (Steemann Nielsen 1958). In Frobisher Bay 
where a seasonal study was carried out, production was 
unimodal with a peak development during Ju ly -  August 
(Grainger 1979). In other regions such as Liverpool Bay 
(Grainger and Evans 1982), Dumbell Bay (Appollonio 
1980), Beaufort Sea (Hsiao et al. 1977), Chuckchi Sea 
(Hameedi 1978, Matheke and Horner 1974) a well devel- 
oped peak, probably the primary peak, was observed 
during August. 

In the more offshore waters the integrated produc- 
tion values are lower when compared to the shelf wa- 
ters (see Gorshkov 1983) and fall within the range 
(0.02-0.26 g C d -1 m-Z). Such regional differences in 
production are probably controlled by physical condi- 
tions. In the inshore waters of Manitounuk Sound, Hud- 
son Bay, deepening of euphotic layer and stratified layer 
with progression of spring, seems to initiate development 

of phytoplankton blooms under the ice which upon melt- 
ing releases the algae that initiate further blooms in the 
water (Legendre et al. 1981). In the Baffin Bay interac- 
tion between the surface irradiance, depth of mixed layer 
and concentration of chlorophyll seems to reflect in the 
magnitude of production (Herman 1983). In 50% of the 
production profiles, high chlorophylls (~0.5 mg m -3) 
were associated with high production in the light abun- 
dant surface mixed layer whereas in the rest lower chlo- 
rophylls (_<0.1 mg m -3) in the surface layer resulted in 
insignificant production (Herman 1983). In the high arc- 
tic production was 0.22 g C d -  1 m-a  (Nemoto and Harri- 
son 1981), in Baffin Bay 0.14-0.26 g C (Herman 1983), 
and in Eastern Canadian Arctic 0.23 g C (Harrison et al. 
1982), 0.058-0.19 g C (Platt and Herman 1983). These 
values are of the same magnitude as those from the open 
ocean waters of the Antarctic, 0 .04-  0.294 g C (E1-Sayed 
and Turner 1977), 0 .02-0.17 g C (Saijo and Kawashima 
1964), <0.5 g C (Whitaker 1982) or the temperate and 
tropical regions (see Platt and Subba Rao 1975). Data for 
the arctic slope are not as extensive as those for the arctic 
shelf. In the Indian, Atlantic and Pacific oceans produc- 
tion in the offshore waters is about 30% of the adjacent 
shelf waters (see Platt and Subba Rao 1975) and in the 
arctic this is also assumed to be the case. In the Antarctic 
it is about 25% (E1-Sayed et al. 1983), the average daily 
production for the arctic will then be 0.075 g C d-1 m-2. 

There is some evidence to suggest that production in 
the arctic is often not limited by nutrients. Nutrients dur- 
ing this study were generally high; )( 0.8 mg at m -3 PO4, 
2.5 mg at NO3, 0.78 mg at NH 4. Phosphate was never ex- 
hausted but occasionally NO 3 and NH 4 were (Table 7). 
Hameedi (1978) also made similar observations and in 
fact samples with high levels of biomass (7.56 -40.17 ~g 
Chl a 1-1) and production (43.67-530.64 mg C half- 
day-  1 m 3) had no nutrient exhaustion. There was no 
dramatic or systematic increase in production when sam- 
ples were enriched with nitrate and or phospate (English 
1961). In this respect also a similarity seems to exist be- 
tween the arctic and Antarctic waters; in the Antarctic 
according to Fogg (1977) possibly some nutrient, rather 
than the macro-nutrients such as nitrate, phosphate and 
silicate or incident radiation which are in abundance, is a 
determining factor contributing to spatial variations in 
primary production. However, Whitaker (1982) did not 
observe any enhancement of photosynthetic rates in a 
variety of Antarctic and sub-antarctic surface waters en- 
riched with vitamins, trace metals or chelators. 

Euphotic layer extended from 19.5 m under the ice 
(Apollonio 1971) to 18-37  m in the Chukchi Sea (Ha- 
meedi 1978) and 70 m in the west Barents Sea (Corlett 
1958). In the Baffin Bay the extent of the euphotic layer 
ranged between 27 -45  m (Platt et al. 1982). Off 
Straumsbukta near Tromso, attenuation of different 
wavelengths of light varied with the season (Throndsen 
and Heimdal 1976); for red (653 nm) the winter, sum- 
mer-autumn and spring attenuation depths corresponded 
to 12 m, 10.5 m and 9.5 m; for blue (450 nm) it was 40 m 
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Table 8. Summary of annual primary production in the arctic seas (calculations based on a 120 day 
growth season) 

Region g C y -  1 m -  2 References 

Godthaab Fjord ~60  
W. Greenland 36 
Godhavn 90 
Godhavn 75 - 104 
Frobisher Bay 41 - 70 
Resolute Bay 45 
Dumbell  Bay 12 
Disko Fjord 4 . 7 -  13.7 
Northeast  Chukchi  Sea 18 - 28 
W. Greenland - Disko Bay 36 

29 - 98 
Frobisher Bay 

(Land Locked Fjord) 12 
Gulf  of Finland 30 - 40 
E. Canadian  Arctic 27 
Off  Alaska  10 - 15 
Beaufort  Sea 15 - 40 

Steemann Nielsen 1958 
Petersen 1964 
Andersen 1977 
Ander sen 1981 
Grainger 1979 
Welch and Kalff 1975 
Apollonio 1980 
Andersen 1977 b 
Carey 1978 
In Dunbar  1982 
In Dunbar  1982 

In Dunbar  1982 
In Dunbar  1982 
Harrison et al. 1982 
Alexander et al. 1975 
Schell (Pers. com.) 

during winter and 17.5 m during autumn; green (522 nm) 
and yellow (583 nm) were similar with 53 m during winter 
and 30 m during fall. There is evidence to suggest the 
adequacy of  light for photosynthetic growth of algal 
populations at the bot tom of the Arctic Sea ice (Horner 
and Alexander 1972). In the Chukchi Sea at 4 out of  10 
stations, interestingly the highest biomass (up to 40.17 gg 
Chl a 1-1) and production (up to 95.61 mg C half day -1 
m -3) in the column were at the bot tom of  the euphotic 
layer ( 1 8 - 3 7  m) where the light level ranged between 
0.059 and 1.26 W m -2 (Hameedi 1978) but the assimila- 
tion numbers, however, were not high. In the Baffin Bay 
at 10 out of  14 stations chlorophyll and production val- 
ues were higher at 1 °70 light level than at 50% light level 
and at 5 stations the assimilation numbers were compara- 
ble (Platt et al. 1982). The compensation light in the 
Baffin Bay was at 0.3 W m -2, similar to that in the Ant- 
arctic waters (Fogg 1977) and favourably compares with 
0.4 W m -2 calculated from the data of Holm-Hansen et 
al. (1977). 

In these polar waters, which are persistently cold, 
temperature limits the rate of photosynthesis. Carbon as- 
similation rates increased 5 x as the in situ temperatures 
also increased in the range of  - 1.5 °C to 8 °C (Li et al. 
1984). Phytoplankton from Labrador  Shelf and Baffin 
Bay, collected at temperatures ranging between 0.2°C 
and 2.1 °C showed about 2 - 3 x increase in their photo- 
synthetic rates when incubated at temperatures up to 
< 10 °C (Smith and Platt, in preparation). In the Antarc- 
tic waters also, a 2 x increase in assimilation numbers 
was observed when the experimental temperatures were 
elevated up to 7°C from the ambient - 0 . 8  to 1.0°C 
(Neori and Holm-Hansen 1982). 

Annual  primary production in the arctic waters, 
based on a 120 day growth season, ranged between 
12 - 98 g C y-1  m - 2  (Table 8) and usually the higher val- 
ues were observed in the coastal bays and fjords. A con- 

siderable variability in the annual primary production in 
the coastal arctic waters was noticed; for Frobisher Bay 
during the years 1967-1969 it was 41 - 7 0  g C y - i  m-2  
(Grainger 1979) and for Disko Bugt during the years 
1973-  1975 production ranged from 75 to 104 g C y-1  
m -2 (Andersen 1981). Both the magnitude and the total 
annual production at Frobisher Bay and Disko Bugt 
seem to be related to the duration of  the growth season 
which in turn is governed by the removal of  snow-ice 
cover and breaking up of ice (Grainger 1979, Andersen 
1981). In the Antarctic also the annual production varied 
considerably; at Signey Island it was 130 g C y -  1 m-2  for 
1966-1967 (Horne et al. 1969), 8 6 - 2 8 9  g C y-1  m-2  
during 1972-  1974 (Whitaker 1982) and seems to be pos- 
itively correlated with the stability of the water column. 
More data are needed from the offshore regions. 

The calculated shelf and slope areas for the arctic are 
4.90 and 8.20 x 106 km 2 respectively and these are not as 
accurate as those for other oceans. Primary production 
rate for the shelf is about 27 g C y-1  m-2  and for the 
slope is assumed to be 9.0 g C y - i  m - 2  (Table 9). The to- 
tal primary production for the shelf and slope would 
then correspond to 132 and 73.8×106 t C y-1  (total 
205.8 x 106 t C y - l )  which is about 16 times higher than 
our earlier estimate (Platt and Subba Rao 1975). 

Algal production in the sea-ice and ice-edge should be 
also included in calculating the total photosynthetic pro- 
duction of the arctic. There is a considerable range of es- 
timates: 0 . 3 - 7 . 6 7  mg C h -1 m -2 (Clasby et al. 1973). 
Assuming a 24 h sunshine and 120 day growth season 
(see Horner  and Schrader 1982) the annual production of 
the ice biota is about 0.9 to 22 g C y-1  m-2  (Clasby et al. 
1973). Near Chukchi Sea, Matheke and Horner  (1974) 
obtained rates between 0.5 and 57 mg C h - t  m - 2  based 
on which we calculate annual rates of 1 . 4 - 1 6 4  g C y - t  
m -2. Alexander (1974) obtained annual rates of 5 - 10 g 
C y 1 m - z  in the Beaufort  Sea area. H o m e r  and Schra- 



Table 9. Revised estimates of total primary production in the arctic ocean 

Region Area a Production 
106 km 2 g C y-J m -z 

Total production (tons) 
106t C y-1 

Shelf ( < 200 m) 4.90 27 
Offshore (>200 m) 8.20 9 
Total 13.10 

132 
73.8 

205.8 

a Calculated from Moiseev (1971) 
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der (1982) r epo r t ed  rates o f  0.7 g C m -2  at  N a r w h a l  Is- 
l and  and  5 g C m - 2  at  Ba r row for  the  ent ire  b l o o m  peri-  
od.  These  rates are  s imilar  to  the  10 g C y - 1  m - 2  f rom 
the An ta r c t i c  (see F o g g  1977). In  the Syowa  S ta t ion  area,  
An ta rc t i ca ,  the  seasonal  ch lo rophy l l  values o f  the  a lgae  
when conver ted  to p r o d u c t i o n  y ie lded  values ranging  be- 
tween 1.5 and  3.25 g C y - 1  m - 2  which is < 1 0 %  of  the 
to ta l  p h y t o p l a n k t o n  p roduc t i on  (Hosh ia i  1981). 

A s s u m i n g  a nomina l  p r o d u c t i o n  ra te  o f  10 g C y - 1  
m - 2  for  the  young  ice of  the  arct ic  which covers  an a rea  
o f  0.6 × 106 k m  2 a conservat ive  es t imate  o f  ice b io t a  p ro-  
duc t ion  wou ld  be 6 ×106 t C y - t  which is only  < 3 %  of  
the  es t imated  to ta l  p r i m a r y  p r o d u c t i o n  occurr ing  in the 
water  co lumn.  This  m a y  change  when more  da t a  s imilar  
to  the  subs tan t ia l ly  high rates  (4.1 g C d - t  m -2) f rom the 
b o t t o m  sea ice in M c M u r d o  Sound ,  A n t a r c t i c a  (Palmisa-  
no  and  Sul l ivan 1983) a re  avai lable .  In  the  sou thern  Be- 
r ing Sea A l e x a n d e r  and  C h a p m a n  (1981) es t imated  tha t  
the p r o d u c t i o n  due to  ice a lgae  is not  a m a j o r  c o m p o n e n t  
and  is less t han  1 °70 o f  the  annua l  p r i m a r y  p roduc t i on  
which is also the  case in the  An ta rc t i c  (Whi t ake r  1982). 
In  the  sou the rn  mos t  Bering Sea a subarc t ic  region,  how- 
ever, p r o d u c t i o n  due  to  ice edge a lgae  is h igh ( 6 0 0 -  725 
mg C h - t  m - 2 )  and  i m p o r t a n t  (Niebauer  et al. 1981). 

A l t h o u g h  the revised to ta l  arct ic  p roduc t i on  o f  
210)<106 t C y - t  (205)<106 t C due to  arct ic  waters  and  
6 x 106 t C due to  ice-biota)  is a b o u t  16 t imes higher  than  
the ear l ier  es t imates ,  it is no t  going to make  a s ignif icant  
change  in the  annua l  g loba l  p r o d u c t i o n  o f  the  oceans.  
This  is because  the  a rea  o f  the  arct ic  waters  is < 4 %  of  
the  to ta l  a rea  o f  the  wor ld ' s  oceans,  the shor t  d u r a t i o n  o f  
g rowth  season;  and  a low level o f  p r o d u c t i o n  that ,  even 
t hough  revised upwards ,  is still re la t ively  low. 

Because o f  increas ing d e m a n d s  for  l iving and  minera l  
resources ,  research  act ivi ty  in the  Arc t i c  and  An ta rc t i c  
po la r  waters  has been acce lera ted  in recent  years .  Al-  
t hough  the  An ta r c t i c  has  been  the focus  o f  oceanograph-  
ic research over  several  decades ,  our  unde r s t and ing  o f  
the  magn i tude  o f  its p r i m a r y  p roduc t i on ,  the  basis  o f  
commerc ia l ly  exp lo i tab le  resources ,  is far  f r om com- 
plete.  F o r  example ,  in the  Wedde l l  Sea, An ta r c t i c  Ocean,  
based  on  the seasona l  dep le t ion  o f  n i t ra te ,  p h o s p h a t e  
and  sil icate Jennings  et al. (1984) revised p r ima ry  
p r o d u c t i o n  es t imates  by  1 . 5 - 4  t imes higher  t han  the 
ear l ier  es t imates .  I t  shou ld  be po in t ed  out  tha t  the  revised 
p r o d u c t i o n  f igure  for  the  Arc t i c  waters  r e p o r t e d  by  us is 

a conservat ive  es t imate  and  p r o b a b l y  needs subs tant ia -  
t ion with  ca lcula t ions  based  on  nutr ients  budgets .  
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