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Abstract

Abundance and production of bacterioplankton were measured in the Nordic seas and Chukchi Sea during the
5th Chinese Arctic Research Expedition in summer 2012. The results showed that average bacterial abundances
ranged from 3.31×1011 cells/m3 to 2.25×1011 cells/m3, and average bacterial productions (calculated by carbon)
were 0.46 mg/(m3·d) and 0.54 mg/(m3·d) in the Nordic seas and Chukchi Sea, respectively. T-test result showed
that bacterial abundances were significantly different between the Nordic seas and Chukchi Sea, however, no
significant difference was observed regarding bacterial productions. Based on the slope of lg bacterial biomass
versus lg bacterial production, bacterial communities in the Nordic seas and Chukchi Sea were moderately
dominated by bottom-up control. Both Pearson correlation analysis and multivariable linear regression indicated
that temperature had significant positive correlation with bacterial abundance in the Chukchi Sea, while no
correlations with productions in both areas. Meanwhile, Chl a  had positive correlations with both bacterial
abundance and production in these two regions. As the temperature and Chl a keep changing in the future, we
suggest that both bacterial abundance and production been hanced in the Chukchi Sea but weaken in the Nordic
seas, though the enhancement will not be dramatic as a result of higher pressure of predation and viral lysis.
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1  Introduction
As a community with the most abundant species in the ocean,

bacterioplankton play important roles in marine ecosystem
(Brandsma et al., 2012; Wilkins et al., 2013). They do not only bal-
ance carbon budget, but also support the food webs by degrad-
ing organic materials into inorganic nutrients. Besides, as a main
component of the microbial loop, bacteria act as a linkage
between the macroscopic world and the microbial society (Azam
et al., 1983; Pomeroy et al., 2007). By utilizing organic carbon
with small molecular weight, which is unavailable to micro-zo-
oplankton, bacteria synthesize its own biomass. And these organ-
ic carbons could not only be grazed by zooplankton like hetero-
trophic flagellates and reflowed into food webs, but also be ex-
ported to the deep ocean and “buried” there, avoiding mineraliz-
ation and release back to the atmosphere (Jiao et al., 2010).

Microbial community has a close relationship with environ-
ment. Temperature, nutrients, solar radiation, and even sea ice
melting have effects on bacteria (e.g., Vaqué et al., 2009; Uchim-
iya et al., 2011; Arrigo et al., 2014). And dissolved organic carbon
(DOC), as “foods”, also influences this community strongly
(Nikrad et al., 2012). Kuosa and Kaartokallio (2006) reported that
nutrient (phosphate) limitation on bacteria changed periodically
in the Baltic Sea. Pakulski et al. (2007) demonstrated that bacteri-

al production had a widespread direct dependence on solar irra-
diance, especially those with longer wavelengths. Among all
these factors, temperature and DOC are considered to be the
most important (Pomeroy et al., 1991; Pomeroy and Wiebe,
2001). Low temperature is suggested to restrict the activities of
bacteria (Pomeroy et al., 1990) and slow the rate of carbon ab-
sorption (Pomeroy and Deibel, 1986). Increased temperature will
stimulate the bacterial production and respiration (Kritzberg et
al., 2010). However, some authors argue that bacteria still have a
very high activity even under a cold condition (Robinson and
Williams, 1993; Rivkin et al., 1996). DOC takes part in microbial
activity as the substrate used for cells growth and division. Phyto-
plankton release is the main source in the ocean and a strong
correlation is founded between bacterial and phytoplankton
communities through the uptake via bacterial metabolisms
(Baines and Pace, 1991; Norrman et al., 1995). Besides, virus lysis
of bacteria and input from land are also the major resources of
DOC (Ortega-Retuerta et al., 2012). Moreover, grazing by predat-
ors such as protists has an influential control on both bacterial
abundance and production (Gonzalez et al., 1990). Due to the
fast environmental change, much attention has been paid to the
microbial community of Arctic Ocean in recent years.

The Nordic seas and Chukchi Sea are two important marginal  
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seas of the Arctic Ocean. Waters from the Atlantic and Pacific Oce
an pass through these two seas and influence the Arctic basins,
respectively (Mathis et al., 2007; Orvik and Skagseth, 2003). The
Nordic seas are one source of deep water in the world ocean
(Swift and Aagaard, 1981) and have an important role in ocean
thermohaline circulation. Under the influence of North Atlantic
Current, the sea water is relative warmer than other polar oceans
at the same latitude such as Chukchi Sea (Hansen and Østerhus,
2000; Gong and Pickart, 2016). In the Nordic seas, the silicate is
firstly depleted out during summer bloom (Allen et al., 2005)
while nitrogen is more likely to be the restriction factor in the
Chukchi Sea (Wang et al., 2005). Phytoplankton community in
the Nordic seas is dominated by large diatoms (Erga et al., 2014)
while in the Chukchi Sea, both diatoms and pico-phytoplankton
have the dominant positions (Yang et al., 2015). Besides, the
Chukchi Sea is subjective to the influences of sea ice and runoffs
from the land (Cooper et al., 2016), but little continental effect
acts on the Nordic seas. The differences in chemical and biolo-
gical conditions between these two areas can have a different im-
pact on local microbial communities. Although some studies
have been done to explicate the relationships between bacterial
abundance and production and environmental variables in these
two areas (e.g., Kirchman et al., 2009a, b; Sala et al., 2010), the
comparison of these two areas and response of bacterial com-
munity in future environment changes are absent. Here we
measured the environmental factors and biological parameters
in both Nordic seas and Chukchi Sea based on the cruise of R/V
Xuelong in summer 2012. We try to illustrate: (1) the characterist-
ics of bacterial biomass and production in these two seas in sum-
mer, (2) the differences of these characteristics and causes, and
(3) the potential changes following the environmental variation.

2  Materials and methods

2.1  Study area and water sampling
The study was carried out on board R/V Xuelong icebreaker

during the 5th Chinese National Arctic Research Expedition
(CHINARE 5) in summer 2012. Two transects with 17 stations in
the Nordic seas (August 5–11) and one latitudinal transect with
18 stations in the Chukchi Sea (September 4–8) were set (Fig. 1).
Seawater was sampled at 0 m, 10 m, 20 m, 30 m, 40 m, 50 m, 75
m, 100 m and the Chl a maximum layer using a SBE CTD rosette
equipped with 24 Niskin bottles (12 L volume for each). Water
samples were collected in polycarbonate bottles and processed
immediately.

2.2  Marine environmental data collection
Water temperature and salinity data were acquired by SBE

911 and CTD aboard. At each station and each depth, 100 mL
seawater was collected and then filtered through 0.7 µm pore-
size GF/F fiberglass filters for nutrient measurement. The filtrate
was kept at 4°C temporarily and measured by Skalar san++ Con-
tinuous Flow Analyzer within 48 h according to Grasshoff et al.
(1999). The standard deviations of nitrogen, silicate and phos-
phate are 0.1, 0.1 and 0.03 µmol/dm3.

2.3  Chl a measurement
Phytoplankton was collected onto GF/F fiberglass filters

(Whatman, 0.7 µm pore size) and 250 mL seawater was filtered
for each fraction. Then filters were put into 10 mL of 90% (volume
ratio) acetone for pigment extraction for 24 h in the dark at a tem-
perature of –20°C. After extraction, concentrations of Chl a were
measured by an AU-10 Turner fluorescence spectrophotometer

(von Parsons et al., 1984). The standard deviation for this meth-
od is 0.02 mg/m3.

2.4  Bacterial abundance measurement
One hundred microliter seawater was prefiltered (mesh size

of 50 µm) and stored in HCl-cleaned brown PEB bottles. One mi-
croliter prefiltered seawater was added into a Falcon tube with 10
µL 0.01% (final concentration, volume ratio) SYBR Green I and
stained for 15 min. Samples were then measured by a BD FAC-
SCalibur Flow Cytometer on board (Lin et al., 2012). The conver-
sion factor of bacterial abundance to biomass is 20 (fg C)/cell
here (Delille et al., 2007).

2.5  Bacterial production measurement and calculation
Bacterial productions were measured at two stations (BB03

and BB08) in the Nordic seas and four stations (M04, SR12, SR10
and SR03) in the Chukchi Sea. At each sampling layer, 20 mL sea-
water was collected with a sterilized dark bottle, three duplicates
were prepared, and 2 mL formaldehyde was added into one du-
plicate for control. All samples received 1 mL methyl-[3H]-leu-
cine (specific activity 5 µCi/mL) and incubated in continuous
pumping surface water for 2 h. The leucine incorporation was
stopped by precipitation with 2 mL formaldehyde. Then the
samples were filtered through 0.22 µm cellulose acetate filters
(Sartorius) and rinsed three times with 2 mL 5% ice cold TCA and
80% ethanol, respectively. The filters were stored immediately at
–20°C for further analysis. The filters were added with 0.5 mL
ethyl acetate and 10 mL scintillation cocktail. The radioactivity of
these samples was measured with a Tri-carb 2009TR liquid Scin-
tillation Analyzer. Calculation of bacterial production referred to
JGOFS (Knap et al., 1996).

2.6  Data analysis
The abundance of bacteria was analyzed by CellQuest 7.5.3.

Pearson Correlation Analysis, t-test and One-Way ANVOA were
conducted using SPSS 20.0 to get the relationship between bac-
terial and environmental factors. Redundance Analysis (RDA)
was carried out using Canoco 4.5. Figures were drawn using
Sigma Plot 12.5, Canocodraw and ODV 4.5.7.

3  Results

3.1  Profiles of temperature and salinity in two seas
The temperatures in the upper 100 m water column of the

Nordic seas were from –0.27°C to 11.64°C and salinities were
from 34.85 to 35.26 (Figs 2a and b). At BB transect, there was a
strong front at 73°N. On the north of this front was polar water,
which was relatively colder and less saline; while on the south,
the water was warmer and more saline, which was mainly At-
lantic water. There was also a thermocline in the upper 30 m at
both BB and AT transects, especially at the northern part of BB. Tem-
perature in the upper water was obviously higher than below.

In the Chukchi Sea, water temperatures ranged from –1.65°C
to 7.57°C (Fig. 2c). The whole area could be divided into two
provinces: Chukchi Shelf and Chukchi marginal sea. Water was
relatively warmer in the Chukchi Shelf, except for SR03, where
the temperatures were lower than 0°C in most layers. While in the
marginal sea, the maximum of temperature was only –0.13°C. Sa-
linities were between 25.40 and 33.19 (Fig. 2d). Halocline was in-
conspicuous at 30 m. There were two areas with low salinity: one
near the Bering Strait and the other near the Mendeleyev Ridge,
as a result of the inflow of the Alaska Costal Current and ice melt-
ing, respectively.
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Fig. 1.   Sampling stations in the Nordic seas (a) and Chukchi Sea (b). Red cycle marked refer to bacterial production stations.

 

Fig. 2.   Vertical distribution of temperature and salinity in the Nordic seas and Chukchi Sea. a and b. Temperature and salinity in the
Nordic seas, and c and d. temperature and salinity in the Chukchi Sea.

  GAO Yuan et al. Acta Oceanol. Sin., 2017, Vol. 36, No. 8, P. 153–162 155



3.2  Bacterial abundance, production and Chl a
The profiles of bacterial abundances in the Nordic seas and

Chukchi Sea are shown in Figs 3a and b. In the Nordic seas, bac-
terial abundance varied between 0.75×101 1  cells/m3  and

15.12×1011 cells/m3, with an average of 3.31×1011 cells/m3 (Fig.
3a). The abundances were relative higher in the upper 40 m wa-
ter column and the maximum occurred in the upper 30 m
around 74°N.

Bacterial abundance in the Chukchi Sea varied between
0.56×1011 cells/m3 and 6.41×1011 cells/m3, with an average of
2.25×1011 cells/m3 (Fig. 3b). The latitudinal distribution also
showed a clearly vertical front on the edge of Chukchi Shelf: bac-
terial abundances in the south were relatively higher, ranging
from 1.22×1011 cells/m3 to 6.41×1011 cells/m3; while in the north,
the range was between 0.56×1011 cells/m3 and 3.05×1011 cells/m3.
Abundances were higher in the upper 20 m water column in the
shelf region, and a peak occurred in the subsurface (~30 m) in
Chukchi marginal area.

In the Nordic seas, bacterial productions (calculated by car-
bon) ranged from 0.13 mg/(m3·d) to 0.79 mg/ (m3·d) at BB03, and
from 0.20 mg/(m3·d) to 0.84 mg/(m3·d) at BB08, with an average
of 0.46 mg/(m3·d) (Fig. 4). Integrated bacterial production was
34.16 mg/(m2·d) and 53.64 mg/(m2·d), respectively. The average
of integrated bacterial production was 43.9 mg/(m2·d). Bacterial
productions at BB03 decreased with depth, but had an increase
at 75 m. At BB08, the maximum appeared at 30 m, while the oth-
ers decreased inconspicuously with depth. In the Chukchi Sea,
bacterial productions varied between 0.042 mg/(m3·d) and 1.92
mg/(m3·d) with an average of 0.54 mg/(m3·d). Integrated bacteri-
al productions ranged from 12.10 mg/(m2·d) to 58.42 mg/(m2·d)
and the average was 35.26 mg/(m2·d). Higher bacterial produc-
tions occurred in the south area near the Bering Strait. The vertic-
al distribution of bacterial productions at SR03 fluctuated with
depth. At SR10, bacterial productions had the same trend as
BB03, except that the minimum was at 40 m. At M04, the maxim-
um of bacterial productions was at surface and at the same time,
it had a sub-maximum at 50 m. Bacterial productions at SR12
and SR16 were both maximal at 30 m and decreased as it went
deeper.

The profiles of Chl a in the Nordic seas and Chukchi Sea are
shown in Figs 3c and d. In the Nordic seas, Chl a ranged from
0.02 mg/m3 to 1.94 mg/m3, with an average of 0.59 mg/m3 (Fig. 3c).
Below the euphotic layer (the upper 50 m), the concentration of
Chl a decreased sharply to 0 as a result of the weakness of light.

In the Chukchi Sea, Chl a varied between 0.01 mg/m3 and 1.93
mg/m3 (Fig. 3d). The average was 0.47 mg/m3. The Chl a was
higher in the Chukchi Shelf compared to border area. A bloom
was detected at the depth of 50 m in the northern border area.

3.3  Results of Pearson Correlation Analysis and RDA
Pearson Correlation Analysis between bacteria and environ-

mental factors was shown in Table 1. The results showed that in
the Nordic seas, bacterial abundance showed correlation with
neither temperature nor salinity, but it had a significant positive
correlation with Chl a (p<0.01). Meanwhile, it had significant
negative correlation with nutrient (NO3

–-N, SiO3
2–-Si and PO4

3–-P
(p<0.01). The correlation between bacterial production and en-
vironmental factors was similar. It had significant positive correl-
ation with Chl a (p<0.05) and negative correlation with SiO3

2–-Si
(p<0.05). Besides, both bacterial abundance and production had
significant negative correlations with depth (p<0.01 and p<0.05,
respectively).

Similar with the Nordic seas, bacterial abundance in the
Chukchi Sea had a significantly positive correlation with Chl a.
However, it had a significant positive correlation with temperat-
ure and no correlation with nutrients. Bacterial production in the
Chukchi Sea had no correlation with temperature, salinity and
nutrients, but had a significantly positive correlation with Chl a.

In order to look at the main factors that influence bacte-
rial abundance and production more clearly, we carried out a
RDA as a supplementarymethod (Fig. 5). In the Nordic seas, both
temperature and Chl a had positive effects on bacterial abund-
ance with a more intense influence occurring at Chl a. Nutrients
and salinity affected bacterial abundance negatively. Environ-
mental factors had a very weak influence on bacterial produc-
tion. In the Chukchi Sea, bacterial abundance was mainly influ-
enced by temperature and Chl a, from nutrients and salinity.
Bacterial production was more significantly correlated with nu-
trients, salinity and Chl a, while much less correlated with tem-
perature.

 

Fig. 3.   Vertical distribution of bacterial abundance (BA) and Chl a in the Nordic seas and Chukchi Sea. a. Bacterial abundance in the
Nordic seas, b. bacterial abundance in the Chukchi Sea, c. Chl a in the Nordic seas, and d. Chl a in the Chukchi Sea.
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4  Discussion

4.1  Bacterial abundance and production in the Nordic seas and
Chukchi Sea
Some studies on bacterial abundance and production were

carried out in both Nordic seas and Chukchi Sea (Chen et al.,
2002; Howard-Jones et al., 2002; Sturluson et al., 2008; Vaqué et
al., 2009; Kirchman et al., 2009a, b; Nguyen et al., 2012). In the
Nordic seas, our result of bacterial abundance was at the same
range of those reported by Cuevas et al. (2011) and Sala et al.
(2010). However, both abundance and production were lower
than what reported by Børsheim (2000). In the Chukchi Sea, our
result was comparable with that of Ortega-Retuerta et al. (2014)
(1.40×1011 cells/m3 to 8.37×1011 cells/m3), but lower than those of
Kirchman et al. (2009a), Nguyen et al. (2012) and Uchimiya et al.
(2011). The maximums in these studies were all higher than
1×1012 cells/m3, which was nearly two times higher than ours.
One possible explanation for the variation is the difference of
sampling period and area. First, our research in the Nordic seas
was carried out during August 5–11 and September 4–8 in the
Chukchi Sea. Both were at least half month later than previous
researchers’. Their sampling time was at the end of growing sea-

son, and phytoplankton blooms provided adequate materials,
like DOC, for the development of bacterial community. This phe-
nomenon was not recognized in our results. Second, half of
Børsheim’s stations were further north in the Nordic seas, which
were more close to the pack ice zone. Kirchman and Uchimiya’s
sampling area were located in the Beaufort Sea which was on the
west of ours, and were more susceptible to sea ice, too. Ice melt-
ing might bring nutrients and organic material to local waters.
Nguyen’s research was carried out in the Amundsen Gulf, and
was more strongly influenced by land than ours.

The maximal bacterial abundance at the frontal zone in the
Nordic seas was mainly influenced by the high pico-eukaryotic
abundance, which was much higher near the frontal zone than
other areas, too (unpublished data). The sub-maximum of bac-
terial abundance in the Chukchi marginal area corresponded to
the maximum of Chl a at that layer, which was caused by DOC
and nutrients release when sea ice melted.

Bacterial productions at BB03 and BB08 in the Nordic seas
were similar with previous reports in the Barents Sea (Sturluson
et al., 2008; Howard-Jones et al., 2002), but were three times
lower than that those in the Greenland Sea (Børsheim, 2000).
This higher bacterial production was interpreted as phytoplank-

Table 1.   Pearson correlation between bacterial abundance (BA) and production (BP) and envi-ronmental factors in the Nordic seas
and Chukchi Sea

Area T/°C S Chl a/ mg·m–3 DIN/μmol·dm–3 PO4
3-/μmol·dm–3 SiO3

2-/μmol·dm–3 Depth/m

BA Nordic seas 0.135 –0.136 0.456** –0.476** –0.447** –0.510** –0.516**

BP 0.436 0.157 0.690** –0.569 –0.570 –0.697* –0.633*

BA Chukchi Sea 0.699** 0.142 0.516** 0.045 –0.031 0.077 –0.451**

BP –0.231 0.077 0.585** 0.069 –0.019 –0.017 –0.380

          Note: *p<0.05; ** p<0.01.

 

Fig. 4.   Line-Scatter graph of bacterial production (BP) in the Nordic seas and Chukchi Sea.
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ton blooms stimulated by drift ices in the Arctic domain. While
bacterial production in the Chukchi Sea showed no significant
difference from other researches (Chen et al., 2002; Nguyen et al.,
2012), it was nearly five times higher than that in the central Arc-
tic Ocean (Sherr and Sherr, 2003). This low bacterial production
is due to the late sampling time in winter in their study.

The result of t-test (Table 2) showed that there was a differ-
ence in bacterial abundance (p<0.05, n=189) between the Nordic
seas and Chukchi Sea, whereas no significant differences were
found in bacterial production (p>0.05, n=37). Considering the
two main influence factors, temperature and DOC, we also ran a
t-test on temperature and Chl a in both areas. It was apparent
that temperature was different (p<0.05, n=189) in these two areas.
On the contrary, there was no significant difference in Chl a
(p>0.05, n=189). In other word, it seemed that the difference in
bacterial abundance between these two seas was caused mainly
by temperature other than Chl a. Figures 6a and b are the scatter
graphs of temperature versus bacterial abundance and produc-

tion in both areas. As we can see from Fig. 6a, temperature has an
obviously influence on bacterial abundance when it is approxim-
ately below 3°C, while above 3°C, bacterial abundance does not
change much. The result of One way ANOVA test (p<0.001,
n=189) demonstrated this phenomenon. Besides, this is close to
the result of Kirchman et al. (2009b), whose threshold of temper-
ature on bacteria production/primary production and bacterial
growth rate was 4°C. But in our result, bacterial abundance de-
creased when temperature was higher than 10°C, which was not
shown by Kirchman. This is because: (1) The temperature range
we have is smaller than the report from Kirchman which ranged
from 1.9°C to 28.5°C, making the fluctuations in the middle in-
conspicuous. (2) Bacterial abundance is mainly limited by top-
down control (Solic et al., 2009). When temperature is high and
bacterial production increases slightly, the influence of grazers
becomes obvious. High mortality and low growth rate cause the
decrease of bacterial abundance. In Fig. 6b, bacterial production
is not regulated by temperature as abundance did. There is no
obvious influence of temperature on bacterial production. The
trend of increase on the right half of the line is not reliable be-
cause of few numbers of samples.

4.2  Effects on bacterial biomass and production
Multivariable linear regression analysis was done to evaluate

environmental factors on bacterial biomass as well as produc-

Table 2.   Results of t-test of bacterial abundance (BA), produc-
tion (BP), temperature (T) and Chl a  between the Nordic seas
and Chukchi Sea

BA BP T Chl a

p <0.001 0.229 <0.001 0.126

n 189 37 189 189

 

Fig. 5.   Result of RDA in the Nordic seas (a) and Chukchi Sea (b).

 

Fig. 6.   Scatter graphs of temperature versus BA and BP. a. BA vs T and b. BP vs T. The red line is moving average line. The turning
point of 3°C is an approximate number made artifi-cially from the moving average line by comparing the slopes.
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tion. In the Nordic seas, the relationships between bacteria and
temperature and Chl a are shown in Eqs (1) and (2):

B B = 4:782CChl a+ 3:800
¡

r 2 = 0:208; p < 0:01
¢
; (1) 

B P = 0:376CChl a+ 0:261
¡

r 2 = 0:476; p < 0:05
¢
; (2) 

where BB is bacterial biomass, BP is bacterial production, and
CChl a is the concentration of Chl a.

As we can see, temperature in the Nordic seas has not much
effect on bacteria, neither biomass nor production. However in
the Chukchi Sea, temperature acts as an effective factor on bac-
terial biomass, but not on production. The regression relation-
ships are shown in Eqs (3) and (4):

B B = 0:625T+ 3:025CChl a+ 2:918
¡

r 2 = 0:668; p < 0:01
¢
; (3) 

B P = 0:461CChl a+ 0:347
¡

r 2 = 0:342; p < 0:01
¢
; (4) 

where T is temperature.
Based on the coefficients of Eq. (3), we can speculate that al-

though both temperature and Chl a have effects on bacterial bio-
mass, Chl a seems to be more influential.

The positive effects of temperature and Chl a on bacterial bio-
mass and production are expectable. The main influence of tem-
perature is on enzymes inside bacterial cells. Within the optim-
um ranges, higher temperature may accelerate the enzyme activ-
ities and lead to higher metabolisms. Meanwhile, Chl a, which
acts as an indicator of DOC (Duarte et al., 2005), refers to the liv-
ing conditions of bacteria. Higher Chl a suggests a more suitable
environment and advantage for growth. At the beginning of mul-
tivariable analysis, we took all environmental factors into consid-
eration as input, including temperature, salinity, Chl a and nutri-
ents. However, salinity and nutrients were excluded during the
regression processes and only temperature and Chl a were out-
putted, which suggested that these two factors dominated the
bacterial community. Besides, some reports also demonstrated
the main effects of temperature and DOC, as well as Chl a (Billen
et al., 1990; Ducklow, 1999; Vaqué et al., 2009; Fujiwara et al.,
2014). The different outputs between the Nordic seas and Chuk-
chi Sea could give a deeper insight of the different influential
mechanisms. For example, the difference between Eq. (1) and
Eq. (3) to some extent supports the hypothesis that bacteria do
not respond to temperature sensitively in the Nordic seas be-
cause of high temperature there. At the meantime, temperature
does not have a significant influence on bacterial production as
we saw from Fig. 6b in both waters. Børsheim (2000) also found a
very low correlation between bacterial production and temperat-
ure in the Greenland Sea. This may be caused by the control type
we discussed in Section 4.3.

The results between Pearson Correlation Analysis and RDA
matched well in the Chukchi Sea. But in the Nordic seas, the pos-
itive influence of temperature on bacterial abundance was not
found in the Pearson Correlation Analysis. This unobvious trend
is supposed to be obscured by the low sensitivity of bacterial
abundance to high temperatures. No environmental factors were
found to have a clear influence on bacterial production in the
result of RDA. This odd phenomenon is probably due to the small
size of sample (n=11). Low amount of data makes the result of
RDA not much reliable compared to Pearson Correlation Analys-
is (Hardoon et al., 2004; Weiss et al., 2016). The negative correla-

tions between bacterial abundance and nutrients in the Nordic
seas are indirectly connected by phytoplankton. The fewer nutri-
ents left, i.e, the more phytoplankton used, the more abundant
bacteria become (Norrman et al., 1995). However, bacterial
abundance had no correlations with nutrients in the Chukchi
Sea. This is mainly because nutrients are not fully used by phyto-
plankton at the time we sampled. As we can see from Table 3 that
nutrients, especially silicate, are at a high level. The surplus may
obscure the stoichiometric ration of uptake between phytoplank-
ton and these parameters, and then make the potential correla-
tions insignificant.

4.3  Control type of bacteria in the Nordic seas and Chukchi Sea
Basically, regulations on bacterial abundance and produc-

tion can be divided into two types: top-down control and bottom-
up control (Ducklow, 1999; Šolić et al., 2009). Top-down control
is the regulation of grazing and virus lysis, while bottom-up con-
trol refers to the limitation by nutrients, organic or inorganic ma-
terials and environmental factors like temperature. Although
some studies have been made to research the top-down or bot-
tom-up control on bacterial community in trophic or sub-troph-
ic oceans (Billen et al., 1988a, b; Dortch and Packard, 1989; Mc-
manus and Fuhrman, 1988), few works are focused on the Arctic
Ocean, especially in the Nordic seas and Chukchi Sea. We ran
this analysis to explore if there is a different control type between
these two areas. Besides, we used this result to illustrate the un-
solved question in Section 4.2 that why low correlation existed
between temperature and bacterial community. Ducklow (1992)
pointed out that the slope of log bacterial biomass versus log bac-
terial production could give us an insight of this mechanism. Bil-
len et al. (1990) also showed how this regression relationship
helped us figure out bacterial controls. Figure 7 showed that in
the Nordic seas and Chukchi Sea, the slopes of regression lines
are both between the thresholds of 0.4 and 0.6 reported by Duck-

Table 3.   Average concentrations (µmol/dm3) of nutrients in the
Nordic seas and Chukchi Sea

Area DIN PO4
3– SiO3

2–

Nordic seas 8.3 0.6 1.1

Chukchi Sea 6.1 1.2 13.4

 

Fig. 7.   Regression analysis of lgBB vs lgBP in the Nordic seas and
Chukchi Sea. Green line means the Nordic seas and blue line the
Chukchi Sea.
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low (1992), which means that moderate bottom-up control dom-
inates bacterial communities in these areas. This result also can
be partly drawn from the multivariable linear regression. As a
parameter directly dominated by bottom-up control, bacterial
production should be correlated with both nutrients like Chl a
and environmental factors like temperature. But the low slopes of
Chl a and miss of temperature in Eqs (2) and (4) indicate that the
bottom-up control in these two areas is not strong.

4.4  Response of bacterial community to environment changes
The Arctic Ocean has been facing environment changes since

the 1960s (Jeffries et al., 2014). The increasing surface air temper-
ature results in the increase of sea surface temperatures (Luchin
and Panteleev, 2014; Jackson et al., 2010; Carmack et al., 2015).
Besides, subsurface chlorophyll maximum (SCM) will deepen as
a result of enhanced stratification in the Canada Basin (Steiner et
al., 2015) and the concentration of Chl a will increase. In the
meantime, early ice retreat caused by the increase of sea surface
temperature has a positive impact on primary production in the
western Arctic Ocean (Ji et al., 2013; McLaughlin and Carmack,
2010). The continued increase of primary production in the
Chukchi Sea (Arrigo et al., 2012; Lawrence et al., 2015) will lead to
a high concentration of Chl a (Becagli et al., 2016) and supply
more organic carbon for the growth of bacteria. As a result, the
carbon flux through microbial loop will increase and more labile
or semi-labile carbon will be buried in the sea by being trans-
formed into refractory carbon (Jiao et al., 2011). However, in the
Nordic seas the concentration of Chl a will decrease as the con-
tinued weakness of primary production (Arrigo and van Dijken,
2011, 2015). In these circumstances, the response of bacterial
community will be different between the Nordic seas and Chuk-
chi Sea. The abundance of bacteria will increase in the Chukchi
Sea with the elevation of water temperature, while in the Nordic
seas, the influence of water temperature will not be obvious. The
bacterial productions in both areas will not be enhanced even if
the water temperature is increasing. Meanwhile, the increase of
Chl a will result in high bacterial abundance and production in
the Chukchi Sea. However in the Nordic seas, bacterial abund-
ance and production will decrease with the reduction of Chl a.

Other factors, such like predators or viral lysis and nutrients
supply, could also have an effect on bacterial abundance and
production (Anderson and Rivkin, 2001; Kirchman, 1994). Boras
et al. (2010) found that sea ice melting in the northern Greenland
Sea had enhanced the carbon flow from bacteria to higher troph-
ic levels through predation and viral lysis. However, in our res-
ults, bacterial abundance and production had negative or no cor-
relation with nutrients. These correlations are probably caused
by phytoplankton, other than direct utilization by bacteria. Mid-
delboe and Lundsgaard (2003) found no influence of nutrients on
bacteria in the Greenland Sea either. Under these conditions, the
increase of both bacterial abundance and production in the Nor-
dic seas and Chukchi Sea will not be dramatic as expected.

5  Conclusions
The average bacterial abundance in the Nordic seas was relat-

ively higher than that in the Chukchi Sea. T-test result showed
that there was a significant difference in bacterial abundances
but not in production between these two seas, and the main
cause of this difference was temperature variation. The propor-
tions between bacterial biomass and production suggested that a
moderate bottom-up control dominates in both areas. The Pear-
son correlation analysis and multivariable linear regression in-
dicated that both Chl a and temperature were main bottom-up

control factors, while Chl a was more influential than temperat-
ure. If the trend of temperature increase continues in the future,
the elevation of water temperature and Chl a will lead to a higher
bacterial abundance and a stronger production but not dramatic
due to predation and viral lysis in the Chukchi Sea, while in the
Nordic seas, the potential decreasing of Chl a could have a negat-
ive impact on both bacterial abundance and production.
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