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ABSTRACT: Bacterial abundance and activity were followed during a phytoplankton bloom in the high 
Arctic, the Franz-Joseph Land archipelago (80" to 82" N, 45' to 65" E), in July 1995. At the beginning of 
July the sea was entirely covered by ice; at the end of July the ice coverage was about 50% Water tem- 
perature varied between -1 and -0.6"C and salinity between 32 and 35%. Phytoplankton cells exhib- 
ited photoinhibition even during incubation periods when maximum radiation was <400 pE m" S-', 
indicating adaption to a low radiation level. Phytoplankton biomass, averaged over all 5 sampling sites, 
was 2.2 pg chl a 1-'; primary production, at the 50% radiation level, was 27.3 pg C 1 - I  d-l and mean bac- 
terial abundance was 3.6 X 10' ml-'. Mean bacterial production as measured by thymidine incorpora- 
tion was 2.46 pg C I-' d-' while for leucine incorporation it was 5.46 pg C 1-' d-' Total organic carbon 
varied over a narrow range (0.81 to 1.12 mg I-'). Pronounced spatial variations in microbial parameters 
between waters surrounding different islands were detectable. At Hayes Island phytoplankton biomass 
and production decreased within 3 wk while bacterial abundance and activity measured as thyrnidine 
and leucine incorporation increased. During this period the percentage of bacterial (as measured by 
leucine incorporation) to primary production increased from about 3% to more than 95% and the cal- 
culated total organic carbon turnover decreased from 258 to 28 d. 

KEY WORDS: Arctic . Bacterioplankton . Phytoplankton . Carbon flux 

INTRODUCTION 

Over the past 20 yr, the concept of the structure of 
aquatic food webs has changed (Pomeroy 1974, Azam 
et  al. 1983) with bacterioplankton playing a central 
role in the cycling of organic matter, converting up  to 
80% of the pelagic primary production (Fuhrman et  al. 
1989, Cho & Azam 1990, Ducklow & Carlson 1992). In 
the Arctic Ocean, however, the microbial food webs 
are probably not as effective and tightly coupled as in 
temperate waters (Pomeroy & Deibel 1986). 

In high Arctic regions, physical parameters deter- 
mine, to a large extent, the interactions between bac- 
teria and phytoplankton. O n  a seasonal basis, irradi- 
ance controls phytoplankton productivity in the Arctic 
Ocean (Smith & Sakshaug 1990) while it has been 
proposed that bacterial growth is suppressed by low 
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temperature and substrate concentrations (Pomeroy & 
Deibel 1986, Pomeroy et  al. 1991, Wiebe e t  al. 1992). 
Microbial processing of organic matter is the most 
important pathway of nutrient remineralization in tem- 
perate waters (Pomeroy 1974, Azam et  al. 1983). Hence 
microbes determine the amount of organic material 
available for the planktonic metazoan communities 
and the rate of vertical carbon flux. If water temp- 
erature is below 1°C during periods of high primary 
productivity, bacterial production could remain low 
despite high nutrient concentrations (Pomeroy & 
Deibel 1986), resulting in a n  accumulation of organic 
matter in the water column. This scenario is supported 
by findings of Peterson & Curtis (1980) and Atkinson & 
Wacasey (1987) who showed that a larger portion of 
water column production sediments to the bottom in 
polar than in tropical or temperate regions. High sedi- 
mentation rates, however, could also be  caused by a n  
uncoupling of primary production from herbivorous 
feeding by mesozooplankton. 
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Productivity in the water column under the perma- 
nent ice of the central Arctic Ocean is considered to be 
low due to the limited availability of light and low tem- 
perature (Apollonio 1959, Pomeroy et al. 1990). Above 
the Arctic shelf, which is mostly under seasonal ice 
cover, annual primary production usually varies be- 
tween 50 and 100 g C m-' (Grebmeier et  al. 1995). 
The present study focuses on the shelf area of the Bar- 
ents Sea which is one of the largest shelf areas of the 
Arctic Ocean covering 1.4 million km2 or about 10% of 
the entire Arctic Ocean (Loeng 1991). While numerous 
reports have been published on the carbon flow 
through the pelagic ecosystem of the central and west- 
ern Barents Sea (Wassmann & Slagstad 1993, Kris- 
tiansen et al. 1994, Sakshaug et al. 1994) little is known 
about its castcrn parts. 

In this study we investigated the productivity of the 
nearshore waters of the Franz-Joseph Land archipel- 
ago. During the summer phytoplankton bloom, we 
measured phytoplankton biomass and production, 
bacterial abundance and activity as well as the con- 

centration of total organic carbon at 5 different sam- 
pling sites. Since the archipelago covers an area of 2" 
of latitude and breakage of pack ice starts mainly in 
the southwestern part of the archipelago, which is 
influenced by the warmer waters of the Barents Sea 
current of the Atlantic Layer (Anderson 1995)' we 
focused on the spatial and temporal variab~lity in bac- 
terioplankton productivity from the far north to the 
southernmost islands from wax to wane of the phyto- 
plankton bloom. 

MATERIAL AND METHODS 

Study site and sampling. The study was carried out 
+hn .,,, FT-- ,a,,z-Jcscph Land archipc!ag~ (80" t~ 82" X, 

45" to 65" E) in July 1995 (Fig. 1). Samples were taken 
at 5 different locations ranging from one of the south- 
ernmost to the northernmost island (Fig. 1) to investi- 
gate potential spatial variability in phyto- and bacterio- 
plankton activity. At Ziegler Island we performed 3 

Fig. 1. Franz-Joseph Land archipelago and the sampling sites (@). Circle in the inset indicates the position of the Franz-Joseph 
Land archipelago 
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samplings, at Hayes Island 5 samplings and at the 
other islands 1 sampllng was carried out. At Hayes 
Island (Fig 1) the samples were taken over an investi- 
gation period of 3 wk in order to follow the develop- 
ment of a phytoplankton bloom. At the beginning of 
July, the sea was almost entirely ice-covered; at the 
end of the month ice coverage was about 50%. The 
water depth at the sampling locations was >20 m. 
Water samples were taken with clean Niskin bottles 
from 5 m depth through openings in the ice. The sam- 
ples were kept at In situ temperature during transport 
by helicopter and brought to the laboratory within 2 h 
for future processing. 

Temperature and irradiation. Temperature of the 
water was determined immediately after sampling and 
prior to the incubations for primary and bacterial pro- 
duction as well as of the snow where the incubations 
were performed in order to provide in situ temperature 
conditions durlng the entire incubation period. Light 
intensity was measured with a cosine sensor and a LI- 
COR (LI-1000) radiometer. 

Phytoplankton biomass and primary production. To 
estimate phytoplankton biomass, 3 1 of seawater was 
filtered onto glass fiber filters (Whatman GF/F, 47 mm 
diameter) and kept frozen (-20°C) until analysis. For 
chlorophyll a (chl a) determination, filters were ex- 
tracted in 10 m1 of 90 % (v/v) acetone and stored refrig- 
erated overnight. Before spectrophotometrically mea- 
suring chl a,  acetone extractions were filtered again 
through Whatman GF/F filters to remove particles. For 
calculating chl a concentrations, the method and for- 
mulas given in Parsons et  al. (1984) were used. Deter- 
mination of phaeopigments was done by acidifying the 
acetone extractions with a few drops of 10% (v/v) 
hydrochloric acid and calculating phaeopigment con- 
centration as outlined in Parsons et al. (1984). 

Primary production was estimated using the I4C 
radiolabeling technique (Parsons et al. 1984). The 
amount of photosynthetic extracellular release (PER) 
was estimated using the method described by Lignell 
(1990, 1992). Winkler flasks (120 ml) were filled with 
100 m1 of seawater; to each flask 1 m1 of 2 pCi ml-l of 
sodium I4C-bicarbonate (specific activity, S.A., 0.8 mCi 
mmol-l; American Radiolabeled Chemicals, Inc.) was 
added and incubated in duplicates at 3 different irradi- 
ance levels (100, 50 and 0 %  of suface irradiance) for 
24 h from dawn to dawn. The flasks were placed in the 
snow to keep the temperature close to in situ condi- 
tions (-0.5 and -0.8"C) (see Table 1). The radiation to 
which the flasks were exposed was monitored at 4 h 
intervals. The incubations were ended by placing the 
flasks in a dark box. The time between terminating the 
incubation and starting the filtration procedure was 
generally less than 5 min. Samples were filtered 
through cellulose nitrate filters (Millipore 25 mm diam- 

eter, 0.45 I.lm pore size) by applying a suction pressure 
not exceeding 20 mbar. Filters were rinsed twice with 
0.2 pm filtered seawater (Millipore polycarbonate 
filter, 47 mm diameter, 0.2 pm pore size) from the same 
sample location. Thereafter, the filters were fumed 
over concentrated HCl for 10 min to remove inorganic 
carbon, placed in scintillation vials and stored frozen 
until analysis at the Inst. of Zoology (Univ. of Vienna, 
Austria). The filters were then dissolved in 1 m1 ethyl- 
acetate; after 10 min, 8 m1 scintillation cocktail (Pack- 
ard Insta-Gel) was added. Radioactivity was measured 
about 12 h after adding the scintillation cocktail. 
Before rinsing the filters, 3 m1 of the filtrate was trans- 
ferred to scintillation vials, acidified with 20 p1 concen- 
trated H2S04, left open for 24 h and subsequently 
stored frozen until analysis. Before analysis 7 m1 of 
scintillation cocktail was added to the filtrates and the 
radioactivity assayed after 14 to 16 h in a liquid scintil- 
lation counter (Packard TriCarb 2000). Quenching was 
corrected by the external standard technique. For cal- 
culatlng primary productivity, dark values were sub- 
tracted from corresponding light values. 

Bacterial abundance and production. Bacterial 
abundance was determined by acridine orange stain- 
ing and epifluorescence microscopy on black polycar- 
bonate membrane filters (Millipore, diameter 25 mm, 
0.2 pm pore size) (Hobbie et al. 1977). Samples (5 ml) 
were fixed with 0.2 m1 of 0.2 pm filtered, concentrated 
formalin and then stained with a few drops of an acri- 
dine orange solution (0.2 pm filtered) for 5 min. After 
filtration, the filters were embedded in paraffin oil and 
stored frozen until counting with a Leitz Laborlux 
microscope equipped with a Ploemopak epifluores- 
cence unit. To convert bacterial abundance into carbon 
equivalents we assumed a carbon content of 20 fg C 
cell-' (Lee & Fuhrman 1987). 

Bacterial production was estimated by simultane- 
ously measuring the incorporation of ["l-thymidine 
(S.A. 86 Ci mmol-'; American Radiolabeled Chemicals, 
Inc., final conc. 5 nM) and ['4C]-leucine (S.A. 292 mCi 
mmol-l; American Radiolabeled Chemicals, Inc., final 
conc. 20 nM) (Chin-Leo & Kirchman 1988). Samples 
(25 ml) were incubated in 6 replicates and 4 blanks in 
gamma-radiated test tubes (Greiner, Inc.); blanks were 
fixed with concentrated formalin at  a final concentra- 
tion of 4 % (v/v). The samples were wrapped in alu- 
minum foil and incubated in snow (temperature range: 
-0.5 and -0.8"C, reflecting in situ temperature of the 
seawater) for 4 h. After incubation, the samples were 
filtered onto cellulose nitrate filters (Millipore 25 mm di- 
ameter, 0.45 pm pore size) and extracted twice with 
20 m1 ice-cold 5 %  trichloracetic acid (Sigma Chemi- 
cals) for 5 min. The filters were transferred into scintil- 
lation vials and stored frozen until analysis. The filters 
were then dissolved in 1 m1 ethylacetate; after 10 min, 
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8 m1 scintillation cocktail (Packard Insta-Gel) was 
added. Radioactivity was measured as described 
above. Conversion factors of 1.1 X 1018 cells mol-' 
thymidine incorporated into bacteria (Bj~rnsen & Ku- 
parinen 1991) and 3.0 kg C mol-' leucine incorporated 
into bacteria (Bjornsen & Kuparinen 1991) were used. 

Total organic carbon. Unfiltered samples for analy- 
sis of total organic carbon (TOC) were stored in com- 
busted ampoules at  -20°C until analysis. TOC content 
was determined using a Shimadzu TOC 5000 after 
sparging the sample with CO2-free air. Standards were 
prepared with potassium hydrogen phthalate (Kanto 
Chemical CO, Inc.); a platinum catalyst on quartz was 
used (Benner & Strom 1993). 

Unless otherwise stated all the parameters were 
measarec! in duplicate. 

RESULTS 

Temperature and radiation. During the investiga- 
tion period water temperature at  5 m depth varied 
between -1 and -0.6"C (Table 1). Surface radiation at 
noon ranged from 370 to 1600 pE m-' S-' and at mid- 
night from 10 to 140 pE m-' S-'. 

Spatial variability in phyto- and bacterioplankton. 
Mean phytoplankton biomass, averaged over all sam- 
pling sites and dates, was 2.2 1-19 chl a I-' (range 0.37 to 
4.31 pg chl a 1-l, n = 11) (Table 1). Phaeopigment con- 
centration was always below the detection limit. Pri- 
mary production in samples exposed to 50% of surface 

radiation was always higher (mean = 2 . 5 ~ ;  range 1.01 
to 6.02x, n = 11) than that at surface radiation levels 
(Table 1). Mean primary production at the 50% radia- 
tion level was 27.3 pg C I-' d-' (range 2.2 to 50.0 1-19 C 
1-' d-l, n = 11; Table 1). The photosynthetic extra- 
cellular release was always below 3 % of total primary 
production (particulate + extracellular release). Mean 
specific productivity at the 50% radiation level was 
0.56 g C g-' chl a h-' (range 0.16 to 1.59 g C g-' chl a 
h-', n = 11; Table 1). Mean bacterial abundance of all 
sampling sites and dates was 3.6 X 105 cells ml-' (range 
2.1 to 5.8 X 105 cells ml-l, n = 11; Table 1). Bacterial 
production as measured by thymidine incorporation 
(mean = 2.46 pg C 1-' d-l, range 0.9 to 4.6 pg C 1-' d-l, 
n = 11) was always lower than that measured by leu- 
C;-m ,,,, incoipor;:ioii ' (mexi  = 5.46 pg C I-' &- l ,  iazge 1.5 
to 12.8 pg C 1-' d-', n = 11; Table 1). 

If the parameters measured at different sampling 
sites are compared, pronounced variations for phyto- 
plankton and bacterial leucine incorporation become 
evident (Fig. 2). Phytoplankton biomass and primary 
production varied greatly, ranging from 0.46 to 3.2 pg 
chl a 1-' (Fig. 2A) and from 6.5 to 42.3 pg C 1-' d-' 
(Fig. 2B), respectively. On the other hand, bacterial 
abundance and production as measured by thymidine 
incorporation remained rather stable, ranging from 2.4 
to 3.13 X 105 cells ml-' (Fig. 2C) and from 2.2 to 3.1 pg 
C 1-' d-' (Fig. 2D), respectively. Bacterial production 
measured by leucine incorporation showed greater 
variability (3.1 to 7.4 pg C 1-' d-') than that measured 
by thymidine incorporation (Fig 2D). The ratio of 

Table 1. Physical, chemical and microbial parameters at the 5 sampling sites in the Franz-Joseph Land archipelago. Temp: tem- 
perature; TOC: total organic carbon; Bact. abund.: bacterial abundance; Bact, production. bacterial production; TdR: thymidine 
incorporation; Leu: leucine incorporation; Bact. DT. bacterial doubling time (as estimated from thymidine incorporation); Chl a: 

chlorophyll a; Specific prod.. specific productivity (calculated from primary production at the 50% radiation level) 

Island Date Temp TOC Bact. Bact. Bact. DT Chl a Primary Specific 
(day of abund production production prod. 
July ("C) (mg I- ' )  (X 10' ml-l) (pg C I-' d.') (days) ( ~ g  1.') ( g  C 1 ' 1  (g C g-' chl a h-') 
1995) % of surface 

TdR Leu rad~ation: 
50 100 

Z~egler  
Hayes 
Hall 
Klagenf UI 

Hayes 
Hayes 
Rudolph 
Ziegler 
Ziegler 
Hayes 
Hayes 
Mean 
S D 
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Ziegler Hayes Klagenfurt Ha l l  Rudolph Ziegler Hayes Klagenfurt Ha l l  Rudolph 

I l 60 

I D  T 
hymidinr ~nwrporation 12 

leucine incorporation 
10 'g __ l O 

Ziegler Hayes Klagcnfurt Ha l l  Rudolph Ziegler Hayes Klagenfurt Ha l l  Rudolph 

Fig. 2.  Spatial variability of ( A )  phytoplankton biomass, (B) plimary production, bacterial (C) abundance,  and (D) production, (E)  ra- 
tio of leucine to thymidlne incorporation, and (F) the concentration of total organic carbon at the 5 samphng sites in the Franz-Joseph 
Land arch~pelago at  Z~egler ,  Hayes, Klagenfurt, Hall and Rudolph islands. Vertical lines: standard error of replicate measurements 

thymidine incorporation to leucine incorporation var- 
ied between 8.6 and 19.9 (Fig. 2E). 

Total organic carbon. The concentration of TOC did 
not exhibit pronounced variations, ranging from 0.81 
to 1.12 mg 1-' (mean = 0.92, n = 11) (Fig. 2F). 

Temporal variability in phyto- and bacterioplank- 
ton. At Hayes Island, sampling was performed 5 times 
over 3 wk allowing us to detect a distinct temporal pat- 
tern in both phyto- and bacterioplankton. Phytoplank- 
ton biomass decreased significantly from 8 to 25 July 
while, concurrently, bacterial abundance increased 
(Fig. 3A). Similar to phytoplankton biomass, primary 
production also decreased while both thyrnidine and 
leucine incorporation increased (Fig. 3B). During the 
entire investigation period the concentration of TOC 
remained fairly constant (Fig. 3C). 

DISCUSSION 

The Franz-Joseph Land archipelago is situated at the 
edge of the permanent pack ice and is covered by sea- 

sonal ice until early July. Summer peaks in primary 
production usually follow the retreating ice zone from 
the south to the north of the Barents Sea (Anderson 
1995). Sampling during this period allowed us to follow 
the development of the phytoplankton bloom. In order 
to avoid inclusion of ice algae and melting water 
during sampling we regularly checked temperature 
(always <O°C) in our water samples. This indicated 
that inclusion of melting water was negligible since 
melting water usually exhibits a temperature >O°C 
(Kristiansen & Lund 1989). In July, the photoperiod is 
24 h, with light intensities at noon between 370 and 
1600 pE m-' S-' and at midnight between 10 and 
140 pE m-2 S-'. Phytoplankton appeared to be well 
adapted to low irradiance levels. Primary production in 
samples exposed to 50% of surface radiation was, on 
average, 2.5 times higher than at surface radiation lev- 
els. This indicates photoinhibition even during days 
with maximum irradiance of c400 pE m-2 S-', corre- 
sponding with data summarized in Kirst & Wiencke 
(1995); while photoinhibition might occur at radiation 
levels <400 pE S-'. Arctic phytoplankton can also 
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July 1995 

July 1995 

Fig. 3. Phytoplankton and bacterial dynamics and concentra- 
tion of total organic carbon (TOC) at Hayes Island during July 
1995. (A) Phytoplankton biomass decreased significantly (y = 
- 0 . 1 ~  + 5.5, n = 5, r2 = 0.648, p < 0.05) during the investigation 
period while concurrently bactenal abundance increased sig- 
nificantly (y = 0 . 2 ~  - 0.5, n = 5, r2 = 0.907, p < 0.001). (B) Pri- 
mary production (PP) decreased significantly (y = - 1 . 9 ~  + 68.9, 
n = 5, r2 = 0.18, p < 0.01) during the investigation period while 
bacterial production (BP) as measured by thymidine Incorpo- 
ration (y = 0 . 2 ~ -  1.2, n = 5, r2 = 0.909, p < 0.001) and leucine 
incorporation (y = 0 . 7 ~  - 4.9, n = 5, r2 = 0.969, p < 0.001) 
increased significantly (C) Concentration of TOC did not 

exhibit significant changes 

be adapted to irradiation levels up to 2000 pE m-2 S-' 
(Kirst & Wiencke 1995). Adaptation to low radiation 
levels might be caused by the high percentage of ice 
cover during summer. Moreover, Kirst & Wiencke 
(1995) showed that phytoplankton cells adapted to low 
radiation intensities are unable to adapt to radiation 
levels >400 pE m-' S-' if exposed to these high radia- 
tion levels for only a short period of tlrne. 

Samples were taken on 5 different islands to exam- 
ine the spatial variability within the archipelago. Tem- 
poral trends as obtained at Hayes Island (Fig. 3) were 
not detectable if all the data from all islands were 

pooled. For example at Ziegler Island, phytoplankton 
biomass and primary production were always lowest 
(Fig. 2.4, B), although the first sampling was performed 
in early July when phytoplankton biomass and produc- 
tion were already high at Hayes Island (Fig. 2A, B). 
Moreover, there is no latitudinal trend detectable from 
one of the southernmost islands (Hall Island) to the 
northernmost Rudolph Island (Fig. 1). The relation 
between bacterial and phytoplankton parameters var- 
ied depending on the sampling sites (Fig. 2A-D). Fur- 
thermore, we could not find a significant correlation 
between bacterial abundance and chl a and between 
bactenal and primary production as has been reported 
for a variety of pelagic systems (Cole et al. 1988), indi- 
cating an uncoupling of bacteria and phytoplankton 
(Duckiuw & K i l c i l ~ n d ~ i  1963, Kircii~rlari ei di. 1939, Cno 
et al. 1994). The ratio of leucine to thymidine incorpo- 
ration varies among different islands (Fig. 2E) which 
might be attributed to unbalanced growth caused by a 
rapidly fluctuating environment (Chin-Leo & h r c h -  
man 1990) or simply by changes in the ratio between 
uptake of TdR or leucine and the cell or biomass pro- 
duction, respectively. 

At Hayes Island (Fig. 1) we started sampling in early 
July; phytoplankton biomass and production were 
highest during this period (Fig. 3A, B), although the 
sea was almost entirely covered by ice. During the fol- 
lowing 3 wk, phytoplankton biomass and production 
decreased, to approximately half of the initial values 
(Fig. 3A, B). Therefore, we have evidence that highest 
phytoplankton biomass and productivity in this area 
occur before the pack ice breaks up but most probably 
after the melting of snow when irradiance is high 
enough to penetrate through the ice. This is supported 
by findings of Bergmann et al. (1991) showing that 
snow cover can account for 70 to 80% of the variance 
in sub-ice chlorophyll concentrations. A common fea- 
ture of the Barents Sea is that phytoplankton blooms 
can rapidly develop and decay, sometimes within 1 to 
2 wk (Sakshaug & Slagstad 1991). The decay of Arctic 
phytoplankton blooms is mostly attributed to nutrient 
depletion in the surface layer (Harrison & Cota 1991, 
Anderson 1995). There is evidence that nutrient defi- 
ciency results in substantial photosynthetic extracellu- 
lar release (PER) (Larsson & Hagstrorn 1982, Lancelot 
1983, Obernosterer & Herndl 1995) and decaying 
phytoplankton cells should exhibit a decreasing chl a: 
phaeopigment ratio. However, we could never detect 
significant amounts of PER or phaeopigment concen- 
tration and chl a specific production remained stable 
during the investigation period off Hayes Island. This 
indicates, along with the findings of Kristiansen et al. 
(1994), that the phytoplankton community in the Bar- 
ents Sea is nitrogen-replete throughout the season, 
suggesting mechanisms other than nitrogen depletion 
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to be reponsible for the observed decrease in phyto- 
plankton biomass. 

While phytoplankton biomass and production de- 
creased, bacterial abundance and bacterial production 
as measured by thymidine and leucine incorporation 
increased significantly during the investigation period 
(Fig. 3A, B) .  Findings on the importance of bacterial 
activity in cold waters are to some extent conflicting. It 
has been suggested that photosynthesis is less 
supressed by low temperature than bacterial metabo- 
lism and that microbial food webs in cold waters are 
therefore not as effective as in temperate waters 
(Pomeroy & Deibel 1986, Pomeroy et al. 1990, 1991). 
Other authors found bacteria to be quantitatively 
important in Antarctic waters (Hodson et al. 1981, 
Hanson et al. 1983). Although primary production was 
measured only at 2 radiation levels, and therefore 
extrapolations on an ecosystem level cannot be made, 
we can compare the relation between bacterial and 
primary production. In early July bacterial production 
was low compared to primary production, con~prising 
only 2.9 and 1.8% of primary production, calculated 
from leucine and thymidine incorporations, respec- 
tively (Fig. 4). Three weeks later the percentage of 
bacterial to primary production was 97 and 34%, 
respectively (Fig. 4). Pomeroy et al. (1991) reported a 
percentage of bacterial carbon demand to primary pro- 
duction of about 0.8 and 8 %  during the early and 
senescent phases of a phytoplankton bloom, respec- 
tively, in the cold waters off Newfoundland. Both high 
and low percentages of bacterial to primary production 
in cold waters have been reported ranging from 1 to 
3000% as summarized in Ducklow & Carlson (1992). 
Moreover, bacterial carbon demand (estimated from 
leucine incorporation and assuming a growth yield of 

300 
& B P :  PP(TdR) 

c 0 
.- 0.. BP:PP(Leu)  

---U--- turnover TOC 
- 250 - 

S 

8 12 16 20 24 

July 1995 

Fig. 4. Temporal changes in the percentage of bacterial pro- 
duction (BP) measured by thymidine (TdR) and leucine (Leu) 
incorporation in relation to primary production (PP) (left y- 
axis) and the fluctuation in total organic carbon (TOC) 
turnover time (right y-axis) during the investigation period off 

Hayes Island 

40%; Bjsrnsen & Kuparinen 1991) revealed a TOC 
turnover time of 258 d in early July; within 3 wk the 
TOC turnover time decreased to 28 d (Fig. 4 ) .  The lat- 
ter is similar to turnover times of dissolved organic car- 
bon of about 3 to 40 d reported for a phytoplankton 
bloom in North Atlantic waters (Kirchman et al. 1991). 
Therefore, the nearshore systems of this archipelago 
are net autotrophic during phases of high primary pro- 
duction when bacterial carbon uptake is still low, but 
changes rapidly to a net heterotrophic system during 
the summer season. 

In conclusion, we have shown that during summer in 
the Franz-Joseph Land archipelago the ratio between 
autotrophs and heterotrophic bacteria changes within 
weeks from periods with high phytoplankton biomass 
and production and insignificant bacterial carbon 
uptake to a system dominated by bacterioplankton 
activity. Thus, phases of production and degradation of 
organic matter are separated in time. Moreover, there 
is a pronounced spatial variability in phytoplankton 
and bacterial leucine incorporation within the archi- 
pelago. 
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