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ABSTRACT 

The Barents Sea is  charaeterized by extreme environmental conditions that 
have considerable infiuence on the biological development, especially during 
spring. Based on physical and biological observations obtained during a six 
years period and a mathematical model for phyto- and zooplankton, we have 
examined the biological developmen t in relation to the climatie changes which 
occurred during this period. The main effect of climatic variations is in 
determining the timing of the phytoplankton spring bloom in the different 
water masses, Warm years are characterized by a delayed phytoplankton bloom 
and an earlier stage development of zooplankton in Atlantic waters, apparently 
resulting in a higher proportion of the spring bloom being grazed and 
channelized to higher pelagic trophic levels. Cold years, on the contrary, can 
result In earller ice-edge spring bloom and late development of zooplankton , 
eausing a signlfieant portion of the primary production to be left ungrazed 
and to sediment out to the deeper water layers and the bottom. 

INTRODUC TION 

The influence of iee and hydrographieal eonditions on the biological 
produetion of the Barents Sea has been described based both on field 
observa"cons (MARSHAEL 1957, REV and EOENG 1985) and on simulations with 
a mathematical phytoplankton model (SLAGSTAD 1985)- The start  of the 
spring phytoplankton bloom in the central part of the Barents Sea is closely 
related to water eolumn stabilization, as described by SVERDRUP (1953). The 
timing of the bloom can be quite variable depending on the specifie phycieal 
faetors that are responslble for stabilization (REY and LOENG 1985). In 
waters that have been covered by ice, the necessary stability for the spring 
bloom is produeed by melting of the lee. As a general rule, the bloom will 
take plaee earlier bere tban h more sowthern areas wlth Atlantic waters not 
eovered by ice, where the vertical stabllity is due to warrnlng of the upper 
layer (SKJOLDAL, H A S S E L ,  RE%! and LOENG 1.987). 



A s  the iee recedes northwards, it is followed by a phytoplankton bloom at its 
edge, The marked pycnocline formed by the meltwater will effectively isolate 
the surfaee layer from the deeper water layers below it. Following nutrient 
depletion by the spring bloom, this upper layer can be characterized as 
oligotrophie water, where most of the biologieal produetion is supported by 
remineralizatlon of nutrients, either through zooplankton grazlng or bacterial 
ac t ivit y .  

Sinee the phytoplankton produetion processes are closely related to the 
physical environment, ehanges h hydrographical and lee eondltions from year 
to year will undoubtedly have an effect on the tempora1 development of the 
spring bloom and possibly als0 on the overall production of the Barents Sea, 
Here we examine the possible effects of sueb elimatic ehanges by using data 
obtalned h late s p r k g  or early summer through 6 years, from L979 to 1984, 
The basle data are presented h SKJOLDAL et al, ( 1987) and analyced there 
wåth respcet to the timing 06 the bloelm- developrneni and zooplankton 
reproduetion and development, In the present paper, we analyse these data 
further,  emphasizing the quantihtive and vertieal aspeets of primary 
produetion. For this purpose we have also heluded results from a 
mathematieal simulation model (SLAGSTAD 1981, 1982)- 

MATERIAL AND METHODS 

The present investigation is mainly based on observations made during late 
spring or early summer at a south-north seetion, seetion I ,  in the central 
Barents Sea (REY and LOENG 1985, SKJOLDAL et - al, 1987) each year in the 
period 1979-1 984. Sampling and analytieal procedures have been previously 
described (ELLERTSEN, LOENG, REY and TJELMELAND 1981, ELLERTSEN et 
al. 1982, GJOSAETER, HASSEL, LOENG and REY 1983a, GJOSÆTER et alo' - 
1983b, HASSEL, LOENG , REY and SKJOLDAL 1984, REY and LOENG 198T) .-A 
short overview of the methods is also presented by SKJOLDAL -- ec al. - ( 1987). 

A phytoplankton model was used to follow the dynamics of phytoplankton and 
nutrient s as functions of the seasonal light intensity, vertical mixing , iee 
cover and zooplankton grazing ( SLAGSTAD 198 2 )  , The equation describing 
the growth, sinking and turbulent mixing of phytoplankton is given by: 
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where z is depth, t is time, and P( t ,z )  is the eoneentration of phytoplankton. 
The first term on the right hand side of the equation represents the vertieal 
transport (sinking), whereas the second term represents the vertical 
turbulent mixing . The biological term , f biol , describes how re spiration, 
light, nutrients and grazing affeet the phytoplankton production: 

f biol = P f (I )GNP - 0, P - (P )  max 1 z 

The first term on the right hand side of the equation represents growth and 
the seeond term represents respiration and mortality of the phytoplankton. 
The last term gives the effeet of the paz ing  pressure from zooplankton, 
P is the maximum growth rate or uptake rate of nitrogen (whieh is 

max assumed to be the limiting nutrient) and is a funetion of temperature. f ( I  ) a z gives the effect of light on the s o w t h  rate (SLAGSTAD 1982). G is a 
Michaelis-Menten expression to account for redueed growth rateN when 
eoneentration of nitrogen is redueed (SLAGSTAD 1985)- 



A mathematical model was also used to ealeulate production of zooplankton as a 
funetion of the concentration of phytoplankton and temperature, This model is 
deseribed in detail by SLAGSTAD (1981) and only a brief outline is given 
here. The zooplankton biomass was assumed to be dominated by Calanus 
finmarebieus and the model parameters were adjusted aeeordingly. The 
zooplankton model Is made up of tbree sub-models, The population sub-model 
caleulate s growth and reproduetion rate s as funetlons of the biological state, 
The biologleal state,  which is caleulakd in the seeond sub-model, is agaln a 
dynamic func"con of the environment (available food concentration and 
ternperahure) and animal sfze. The thlrd sub-model caleulates the vertical 
rnigration of the anlmals as a functlon of the biologleal state,  food 
concentration and Light intensity. 

The zooplankton model is coupled to the phytoplankton model in order to 
represent this mnarnics as  a funetion of pkrysical conditions and grazing . 

The position of the iee edge from January to September in the years 
197"3-1984 is shown in Fig, I. It is s y n  that 1999 and I984 were years when 
the ice was distributed ~ u t h  of 75 N. In contrast, in 1983 the ice edge 
barely extended south of 77 N ,  

F i g .  1. Monthly mean p o s i t i o n  of  t h e  i c e  border  
O 

between 30 and 35 E from January t o  September i n  
t h e  y e a r s  1979-1985. 
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A summary of positions of the lee-edge and the melt water front at different 
times of the year is presented In Table I, The lee recedes h general fairly 
slowly from April to June, whereas its reeeding speed hcreases markedly up 
to September when it usually reaehes its northernmost extension, The melt 
water front,  on the eontrary, recedes northwards mueh less than the iee edge 
(Table l ) ,  The recession of the melt water front is mainly the result of 
erosion by mixing witk Atlantic water, A s  can be seen from Table 1, all the 
area north of about 76'30'~ remains covered by melt water, The strong 
pycnoeline associated with this layer effeetively lmits the input of nutrients 
to the upper rnixed layer, resulting in an oligotrophic surfaee layer that 
rernalns throughout the summer, This is an important f e a b r e  whieh influenees 
the overall psoductivlty of thås region, 



Table  1. P o s i t i o n s  of i c e  edge and mel t  w a t e r  f r o n t  and e x t e n s i o n  of  t h e  mel t  

wate r  a r e a  i n  t h e  y e a r s  1979-1984. 

Year Average i c e  edge p o s i t i o n  P o s t i t i o n  of mel t  Extension of mel t  w a t e r  
wate r  f r o n t  a r e a  i n  September 

A p r i l  June  Sept ,  June S e p t .  Eroded Not eroded 

The stage of development of the hydrographleal and biologleal eonditions at 
the time of eoverage of seetion I in eaeh of the years 1979-1984 can be 
observed in Figs 2 to 4 which show the vertical stability of the water column, 
the chlorophyll a concentration, and nitrate utilized, respectively. The 
stability in the cpper 100 m was always higher in the area that had been 
covered by ice than in the Atlantic water not influeneed by ice (Fig. 2 ) .  The 
stability in the melt water area was mainly the result of a decrease in 
salinity, while in the southern part of the section it was due to an increase 
in temperature. The vertical stability of the water column south of the melt 
water front was lowest in 1982, higher in 1983 and 1984 and highest in 1980. 
The position of the meltwater front,  which a t  this time of the year reflects 
quite well the southernmost extension of the iee-edge, also indicates that 1979 
and 1981 were cold years.  

The time of coverage has varied somewhat, and this must be taken into 
account when comparing the bloom developments in the different years.  The 
section was covered on 11-12 July in 1979, in late June in 1980 and 1981, and 
in early June in 1982, 1983 and 1984 (SKJOLDAL - et .- al. 1987). In the cold 
years 1979 and 1981, the low coneentrations of chlorophyll - a north of the melt 
water front both in the upper mixed and deeper layers,  together with the 
high nitrate utilization, indicate that long time had elapsed since the spring 
phytoplankton bloom at the iee edge* However, in the Atlantic water not 
eovered by lee in 1981, relatively high average concentrations of ehlorophyll a 
in the upper layer indieate that the spring bloom had taken place more 
recently. 

The high chlorophyll a concentrations found during late June in 1980, 
especially south of the melt water f ront ,  indicate that the spring 
phytoplankton bloom took place much later than in 1979 and 1981 (Fig. 3 ) .  
The average nitrate utilization in the upper layer in these three years varied 
from about 10 to 1 2   AM nitrate,  indicating nitrate depletion of the upper layer 
by phytoplankton (Fig. 4). The relatively high nitrate utilization below the 
upper mixed layer is due mainly to the conspicuous chlorophyll a maximum 
that develops below the pycnocline towards the end of the spring bioom (REY 
and LOENG 1985), A t rend of lower nitrate utilization towards the north can 
also be observed; this could refleet a t rend in the spring pbytoplankton 
bloom development, with the youngest stage of the bloom to the north,  The 
same trend can be observed in the depth stratum from 100 to 200 m, although 
the deerease in nitrate eoneentration in tbis layer refleets upwards transport 
by vertieal mixlng and subsequent utilization in the euphotic zone, 



i 2. Density ( A  ot), salinity ( A  S'/OO) and temperature ( A  tOc) 
gsadients in the upper 100 meter water column at different latitudes 
in the main section during 1979-1984. 
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and at different latitudes in the main section during 1979-1984. 



In 1982, the phytoplankton bloom had already taken plaee at the ice edge, In 
the Atlantic water that had not been covered by lee, the low vertical stability 
of the water eolumn (Fig. 2)  had delayed the spring bloom , although a 
notieeable phytoplankton growth eould be observed (Fig, 3) ,  The upper mixed 
layer was very deep , up to 200 m ,  whieh resulted in a fairly large 
eonsurnption of nitrate in the 100 to 200 m layer (Fig. 4 ) -  In the southernmost 
part of the sectlon which was influeneed by the Norwegian Coastal Current , 
the upper mixed layer was about 50 m deep, and the spring bloom was more 
progresced than in the homogenous Atlantie water further north,  In 1983, the 
situation was more or less similar to that in 1982, but slightly higher vertieal 
stabillty in the Atlantic water had resulted in a somewhat earlier spring bloom 
(Figs 2 and 3 ) .  In this year ,  sampling was extended to ice covered regions 
and this allowed a more eomplete deseription of the spring bloom in the 
marginal ice edge zone (Figs 3 and 4 ) -  Some growth, indicative of a prebloom 
phase,  was observed further into the iee to the north,  In 1984, a marked 
spring bloom was observed near the ice edge, but in the remaining part of 
the  melt water areas the bloom was already over. The blgher vertical stabllity 
in the Atlan"cle water h 1984 (Fig. 2) eaused the spring bloom to take plaee 
earlier than in 4982 and 1983, and most of the chlorophyll a - was found below 
the pyenoeline (Fig, 3).  

The distribution of zooplankton biomass along the section during the six years 
is shown in Fig. 5. In 1979  to 1981 zooplankton biomass values were quite 
high at the middle of the section and deereased towards the ice edge, In 1982 
the zooplankton biomass was lower than in the previous years,  but it was stili 
relatively high. The grazing pressure on phytoplankton combined with the low 
stability and the deep mixed layer eould together have been responsible for 
the delayed phytoplankton bloom in the Atlantic water in 1982. In 1983 and 
1984 the zooplankton biomass deereased drastieally along the whole section , 
Redueed grazing pressure eould have resulted in more massive sinking of 
phytoplankton from the euphotie zone due to nutrient depletion and explain 
the relatively large eoneentrations of ehlorophyll - a found below the upper 
mixed layer down to 100 m depth (Fig, 3 ) .  

Eooking at the investigated period as a whole, relatively large variations in 
the development of the spring phytoplankton bloom were observed, depending 
mainly on the degree of vertieal stability of the water eolumn. The peak and 
eulmination of the bloom varied by as much as 4-5 weeks in the period 
1979-1984 in a given area, A n  attempt to date the timing of the spring bloom 
development is  given in an aecompanying paper (SKJOLDAL e t  -- al, 1987). 

Fig, 6 shows the integrated e o n t e n h f  ehlorophyll a in the upper 100 m 
plotted against the vertical stability of the same layer, In the Atlantie water 
where the stability is  regulated by the warming of the upper layer,  the 
integrated content of chlorophyll a increased with increasing values of the 
vertieal stability (Fig, GA). In t h e  areas eovered by melt water where the 
stability is stronger and mainly due to a decrease in salinity, the relationship 
was not so obvious because of the wide range in seasonal phytoplankton 
development. The highest ehlorophyll a eontents were found at  moderately 
high stability values (Fig, GB), The &lorophylil eontent deereased as the 
stability Increased fur ther ,  refleeting the eulmination of the bloom and 
disappearanee of chlorophyll from the water column. 

The degree of vertbcal stability is importan"cn de"lrmimning the extension of 
vertleal. mixirig and consequently the magnitude of Input of nutrlents from the 
deeper layers to the euphotie zone, This can be illustraked by Fig, 7 where 



the deereace in nikate  eoncentration in the 100 to 200 m depth layer has been 
plotted against the degree of ver.tieal stability in the upper P O O  m, Eow 
stability reculted in a large decrease in nitrate in this layer due to deep 
mixing. The degree of apparent nitrate utilization decreased rapidly with 
inereasing stability. 

Nikate is  the main nikrogen source for plnytoplankton gowtlz during the 
spring bloom. Bne way to compare the nitrate utilization is to relate h i  to a 

Fig .  T, Zooplankton biomass ai- d i f f e r e n t  l a t i t u d e s  i n  'che 

main sec t ion  d u r i n g  1979-1984, 



biomass parameter such as chlorophyll a .  This has been done for the whole 
investigated period, separating the valies for the upper mixed layer from 
those from the deeper layer down to 100 m depth (Fig. 8 ) .  The main 
disadvantage with such a comparison is that chlorophyll a in late phases of 
the spring bloom can be removed from a certain layer by grazing, sinking or 
natural degradation, and will therefore not be representative of the biomass 
produced during the bloom . 
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Fig. 7. Average n i t r a t e  u t i l i z a t i o n  between 100 
and 200 meter depth a s  a function of the  degree 
of v e r t i c a l  s t a b i l i t y  i n  t h e  upper 100 meters. 
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Fig. 6 .  In tegra ted  chlorophyll  5 a s  a function of the  degree of v e r t i c a l  s t a b i l i t y  

in  the  upper 100 meters f o r  A) s t a t i o n s  t h a t  have not  been covered by i c e  and B) 
s t a t i o n s  with a melt water upper layer .  



The solid line in Fig. 8 corresponds to 0.84 mg chlorophyll a me3 per 1 P M  
nitrate. This can be taken as an estimate of the amount- of chlorophyll 
produced per unit nitrate consumed, in the absence of any losses of 
chlorophyll. The data points closest to this line are from 1984 and 1983, 
which were the years when the zooplankton biomass and assumedly also the 
grazing pressure were lowest (Fig. 5). If we assume a mean weight ratio of 
chlorophyll alphytoplankton carbon of 0.017 (n=46) (REY, unpublished 
observations)-for phytoplankton during the spring bloom both at the ice edge 
and in Atlantic waters, then 1 P M  nitrate should result in a biomass of about 

- 
50 mg C e m 3. Since the mean partieulate atomic NlC ratio of the same 
samples was 0,189, it seems that mostof  the phytoplankton nitrogen (78% or 
more) originated from winter nitrate. Taking 10 and 11-5 F M  as  winter 
concentrations of nitrate for ice-covered and not ice-covered waters, 
respectively, then 635 and 730 m g  C e m-3 would be produced until the upper 
mixed layer became depleted of nitrate. In the Arctic waters when a shallow 
melt water layer I s  formed (about 20 m),  the total amount of earbon produeed - 
will be approximately 13 g C e m '. In Atlantic water witb an upper mixed 
layer 30-40 m deep, the carbon produced will be between 22 and 29 g 
C m-2.  I t  has been shown that nitrate can become depleted well below the 
pycnocline (REY and LOENG 1985) and that a reduction in nitrate 
concentration can be observed as deep a s  to 200 m (Figs 4 and 7 ) ,  Usually, a 
noticable reduction in nitrate occurs down to about 100 m .  From the nitrate 
utilization values for the upper 100 m shown in Fig. 4, the total production 
can be calculated to be on the average 49 and 54 g C e m-2 for the Arctic 
and Atlantic waters , respectively . 

Average n i t r a t e  ut i l izat ion fr M ) 

Fig.  8. Average chlorophyll  2 a s  a function of average n i t r a t e  u t i l i z a t i o n  a t  the  

upper mixed l aye r  (open symbolc) and below t h e  upper l aye r  and down t o  100 meter 
depth ( f i l l e d  symbols) . 



These values compare quite well with estimates of the primary production of 
the spring bloom based on measurements of radiocarbon uptake (REY, 
unpublished data).  During the prebloom situation , when chlorophyll a levels 
are about 0 . 5  mg e m-3, the primary production ranges from 100 to-400 mg 
C o m-2 a day-l and then rapidly increases in the spring bloom to values 
usually about 2 g C e m-2 day-l .  This period of the bloom with very high 
production rates is short-lived, since later on the large amount of organic 
material produeed effeetively reduces the penetration of light, limiting high 
production rates only to the surface layerc, So, primary production rates 
deerease rapidly again to more stable and moderate rates during summer, The 
culmination of the bloom is usually reached when nutrients become depleted, 
and thereafter most of the phytoplankton growth is  based on remåneralized 
nutrients, The biological eonditions during summer are more stable in the 
sense of phytoplankton growth, and average primary production rates a re  in 
the range of 400 to 600 mg C * m m 2  a dayml  In June-July , decreasin g 
gradually to between 200 and 250 mg C day-1 in August. Fig, 9 
shows the development of the primary production from spring to autumn based 
on average values of measurements taken at different seasons during the 
period 1979-1984, thus representing an "average" year. The amount of carbon 
produeed during the bloom and until 1 June is 39 g C e a value that is  
fairly similar to the estimates based on nitrate utilization. The annua1 
production is  69 g C m-2 year-l .  

The dynamics of the phytoplankton development for an average year have also 
been reproduced using the phytoplankton model. The vertical turbulent 
mixing in the model is given by the parameter Dz i equation (1) .  The 
representation of the mathematical model given by equation (1) in a digital 
computer makes it necessary to divide the water column into discrete layers of 
a certain depth. Each layer is considered to be well mixed whereas D z  gives 

1 Aprii 1 Mai 1 Juni "suly 9 August "leptember 1 October l Novernber 

Fig, 9. Average primary production for the investigated peråod, 



the degree of mixing between the layers. The variation of D z  with depth is 
given by four parameters (Fig. 10) : 

Dmix : vertical mixing in the upper layer 
Dpycn : vertical mixing through the pycnocline 
Ddeep: vertieal mixing below the pyenoclhe 
Zp depth of the pycnocline 

In the simulation runs the depth of the mixed layer for the case of Atlantic 
water with no ulfluence of melt water was considered to be 75 rn until 1 May, 
decreasing to 40 m during May , The coeloflcients of mixing were 150, 0 . 5  and 
2 cm2 e s-I for Dmix, Dpyen and Ddeep, respeetively, Fig. 11 shows the 
resultin g vertieal profiles of nitrate at different dates, The total 
phywoplankton production during the simulation period ( 1 March to 31 August) 
was 77 g C m-2 and the average nitrate utillzation h the upper 100 m was 
8-1. PM. 

Fig. 10. Variat ions of t he  coe f f i c i en t  of 
v e r t i c a l  mixing with depth 

Fig ,  11. Sirnulated n i t r a t e  v e r t i c a l  p r o f i l e s  
a t  d i f f e r e n t  da t e s  f o r  A t l an t i c  waters t h a t  
have not  been covered by i ce ,  

In a seeond case, representing Atlantic water covered by ice, the depth of 
the mixed layer was considered to be 50 m until 1 May, decreasing to 20 m at 
the beginning of June. The coefficients of mixing for Dmix , Dpycn and Ddeep 
were 150,  0 , 2  and 2 cm2 e s - l ,  respectively. Tbertical distributions of nitrate 
at different dates are shown in Fig, 1 2 .  The total production during the 
sirnulation period was 70 g C m-.2 and the average nitrate utilization in the 
upper 100 m was 7.9  V M .  

In a third case, representiiag Arctic waters, the water column was assumed to 
be well mixed down to 50 m during the winter, The coefficient of mixing was 
assumed to be less than in open Atlantic water due to the presenee of lee. 
The pycnocline at 50 m was assumed to be strong , and we used 0.05 
em2 s as the value for Dpycn, When the ice starts rnelting, the low 
salinity ereates a strong pycnocline at 10-15 m .  The mixin coefficient 
tbrough this pyenoeline was assumed equal to 0 - 0 3  em e s - f  Below the 
pyenocline the mixing was set as 2.0 cm2 e sml, n i s  situatian was assumed. 
Lo remain for the rest of the sirnu2ation period, The date when the I@e starts 



melting is  probably variable from year to year.  During the simulation the ice 
cover was assumed to be 7/10 in March and April. The ice was almost gone 
for a few days in early May. After this the water was covered by 5/10 of ice 
until 1 June , when the ice disappeared. Temperature was -1.8OC in the whole 
water column until 1 June,  after which there was a gradual increase in 
temperature in the upper 20 m to 5OC in late August. Sirnulated vertleal 
distributions of nitrate is shown in Fig. 13, The total production during the 
simulation perlod was 4 7  g C m-2 and the average utiiization of nitrate in 
the upper 100 m was 6.2 p M .  

Fig, 1 2 ,  Simulated n i t r a t e  v e r t i c a l  p r o f i l e s  Fig. 13. Simulated n i t r a t e  v e r t i c a l  p r o f i l e s  
a t  d i f f e r e n t  da tes  f o r  At l an t i c  waters tha t  a t  d i f f e r e n t  da tes  f o r  Arct ic  waters. 
have been covered by ice .  

In all the simulation runs the N/C ratio for phytoplankton was 0.143, Using 
an N/C ratio of 0,189, as  found in the spring bloom, the primary production 
in Atlantic water with no ice would be about 58 g C m-2 as  eompared to 
77 g C m-2 estimated by the model. 

Aceording to the zooplankton simulation rnodel (SLAGSTAD 19811, seeondary 
produetion is very sensitive to variationc in the overwintering ctock of aduit 

Qverwintering Females (no. o f  ind. rf2 I 
F i g ,  14 ,  Simulated produc t ion  o f  zooplankton biomacs as 
a f u n c t l o n  of  the o v e m i n t e r i n g  s t o c k  of  5, f inmarchicuc 
females ,  



Table 2. Var ia t ions  i n  primary and secondary production 
i n  r e l a t i o n  t o  the  overwintering s tock of Calanus f i n -  

marchicus. 

Number of overwintering indiv iduals  
500 l000 2000 4000 6000 8000 

Pr imaryproduct ion  71 73 77 B l  79 77 
-2 

( g C e m  

Secondary production 8,2 10.0 14,O 18.0 18.0 17-0  - 2 
( g C e m  1 

U t i l i z a t i o n  1 2  14 18 22 23 22 

e f f i c i ency  (%l 

females (Fig, 14). This can also have an effeet on the overall primary 
production. Table 2 shows the results of simulation runs  using different 
overwintering stoeks. A s  can be seen, the maximum variation in primary 
produetion due to differenees in the overwintering zooplankton stoek was 14%, 
while the secondary production varied by as  much as 120%. 

The zooplankton production along the main section has been simulated for 
each year in the period 1981-1984, based on temperature and ice data for 
those years. The stock of overwintering females was taken to be 2000 - 
ind. * m '. The simulation results show fairly similar and high produetion in 
each year (Fig. 15). The low zooplankton biomass values observed in 1983 and 
1984 (Fig. 5) can apparently not be related to unfavourable growth eonditions 
in these years,  as indieated by the high produetion potential revealed by the 
simulation resul t s  . 
A ssuming a growth efficiency of 20- 30%, the simulated secondary production of 
Calanus finmarchicus indicate s an efficient potential conversion from primary 
to pelagic secondary production (Table 2). The high zooplankton biomass 

- 
values in 1979-1981 (about 20 g dry weight m '; Fig. 5 1 ,  the majority of 

Fig. 15. Simulated production of zooplankton blomass along 
the main sec t ion  fo r  1981-1984, 



whieh represented biomass produeed during the spring season (HASSEL 1986, 
SKJOLDAL et al. 1987), is evidenee that this potential can be aehleved in - - 
some years . 
The reason for the apparently low zooplankton biomass produeed in 1983 and 
1984 corrld be due either to low standing s h c k  of overwinterlng females 
(Fig. 1 4 )  o r  to heavy grazing by fish and other predators. Grazing eould be 
a major factor In regula thg  the number of spawning females of Calanus 
finmarehicus , thereb y potentially influeneing the food smpply for the 
predators in the IcollowIng season. We have no data on the number of 
overwintering females fo- the years under consideratlon, In January 1985 the 
numbers of overwintering Galanus finmarchicus were about 5000 and 10 000 
ind, - m-2 in Sturfjordrenna and the Southeast Basin, respeetively (HASSEL 
et  - al, - 1986), Many of those were Ii? slage CIII or  CEV, partlemlarly in the 
Southeast Basin, and the number of females devekoping to spawn the IoXlowlng 
spring is  probably lower and may be in the sensitive region for prod-ictlon 
(Fig, 14). 

DISCUSSION 

The pbysieal oceanographie eonditions play a central role in the development 
of phytoplankton in the Barents Sea (REU and LOENG 1985), The formation of 
a stable upper mixed layer and the strength of the pyenocline, hdispensable 
faetors for the phytoplankton spring bloom to take plaee , varied signifieantly 
at the different main water masses present in the Barents Sea, The physical 
faetors responsible for the formation of the upper mixed layer are the iee 
melting in ice covered water masses, either tbey are  Arctic water or Atlantic 
water and the warming up due to an inerease in atmospherie temperature and 
solar insolation in the water masses t h a t h a v e  not been covered by ice, 
usually the Atlantie water. Climatic changes will, without doubt, have a key 
role in determinkg the magnitude of these two physieai factors and the 
extension of the area affeeted by them. According to LOENG (1979) the 
winter extension of the sea iee is mainly controlled by the oceanograpbie 
eonditions, in the sense that most of the iee in the Barents Sea is one 
year-old ice and i ts  formation is strongly influeneed by the water 
temperature. When the water temperature is low it will result in more lee. 
Warm years,  eharaeterized by high kflow of Atlantie water with high 
temperature into the Barents Sea, generally results in little lee, if any,  south 
of the Polarfront, while eold years result in a more southern extension of the 
iee, some times well into the Atlantie walers, In warm years ,  since the iee 
reaches only to the polar front it does not come h eontaet with the Atlantic 
waters and its  melting is  mainly eaused by solar or atmospherie heating, and 
will therefore be very dependent on local meteorologieal eonditions. Cold north 
winds, for example, can effeetively delay the iee melting. Usually, iee inelting 
in the Arctic waters oceurs during May. On the other hand, warm years are 
also eharaeterized by a strong influx of warm Atlantic waters of very low 
vertleal stability and quite often with not stability at  all down to the bottom, 
En both eases the phytoplankton spring bloom will take plaee later than in 
eold years ,  but also the bloom in the Atlantie water will be delayed with 
respeet to that at the lee edge, The development of the thermoeline in the 
Atlantic waters will be slow, and the overall phytoplankton growth will be 
reduced due to the removal of it from the euphotie zone by vertieal 
turbulence, Mowever, the deep and weak thermocline permits the adveetive 
input of nulrients from layers below the thermoeline and this can probably 
support a higher total primary production, Also the higher temperatures of 
the Atlantie water are favourabfe for an earlier development of Galanus --- 
finmarchi<nrus to an ctage where It can effåeåently gram on the delagred 



phytoplankton bloom. This would lead to a major fraetion of the primary 
produetion during spring being ehannelized to higher pelagic trophic food 
levels . 
In eold years,  when the iee extends south of the polar front into Atlantic 
waters, the melting will take plaee mueh earlier than in warm years and a 
strong pycnoeline wlll be formed given plaee to an intense but short-lived 
spring bloom, The lower water temperatures wlll re tard the stage development 
of Calanus finmarehleus -- in sueb a way that a great portion of the early bloom 
at the Ice edge wbll remain ungrazed and ~ i l l  sink to deeper layers or "c the 
bottom, In the areas that have not been eovered by iee, the pycnocline will 
develop later than at the iee-edge, but somewhat earlier than in similar areas 
during warm years ,  so I "cs  probably that a portion of the spring bloom will 
also end in the deeper layers, 

With respeet to the total primary produetlon, it seems that h a given area 
only small variatlons in the yearly primary produetlon oeeurs from year to 
year ,  slnee the amount of nilrate being removed fiom the upper 100 mekrs  
does not presented large ehanges durin g the investigated period However , 
generafly somewhat higher produetion would be expeeted from the Atlantie 
water than from the Arctie waters, because the deeper upper mixed layer will 
involve the utilization of larger amounts of nutrients. Also a south-north 
gradient in the total primary produetion in Aretie waters seems to be a 
general trend. This is  due to the time-lag in the spring bloom produced by 
the reeeding of the ice. Observations of a ice edge bloom as  far  north as 
7WN during August have been made (REY and EOENG 1985). 

Summarizing, we ean say that elimatie ehanges will not cause very much 
impact on the total primary produetion of the Barents Sea, but it will have 
pronouneed effeets on the development in time of the sprlng bloom, espeeially 
in Atlantic waters and at the ice edge at  the polar front or south of i t .  In 
warm years the primary produetion from the spring bloom available for 
zooplankton will be larger than in cold years and most of it will be 
ehannelized to the pelagie eeosystem, In cold years ,  on the eontrary,  the 
primary produetion available for secondary produetion will be lower as a part  
of it sinks to deeper layers in the water eolumn or to the bottom. 
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