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A MULTIVARIATE ANALYSIS OF NETPHYTOPLANKTON ASSEMBLAGES
IN THE CHUKCHI SEA AND BERING SEA

YANG Qing-Liang and LIN Geng-Ming
Third Institute of Oceanography  State Oceanic Administration ~ Xiamen 361005 China
Abstract  Background and Aims The phytoplankton in the Arctic seas is rarely explored on a large geo-
graphic scale particularly at the community level . The diversity density and distribution variability of netphy-
toplankton assemblages were measured at 49 stations in the Chukchi Sea 66°0.3" —75°18.6" N 153°36.5' -
174°59.5" W and Bering Sea 55°59.8" = 66°0.3" N 173°21.1" E - 175°53.9" W during the FCNARE
1999 cruise on the Xuelong Research Vessel of SOA  China.

Methods The diversity indices combining the data on the abundance within a species in a community into a
single number were adopted to understand the state of the community. Principal component analysis PCA  of
data was applied for examing the distribution variability of netphytoplankton. Cluster analysis was used as in-
dicative of the degree of similarity in species composition among stations to the selected species having a fre-
quency of occurrence greater than 10% of the total samples.

Key Results Both the mean index values of phytoplankton diversity and evenness were approximately equally
low at the two study areas ranging from 1.88 to 1.90 and from 0.43 to 0.45 respectively. However both the
average cell density and total species numbers in the Chukchi Sea were far greater than these in the Bering
Sea reaching 9 122.56 x 10* cells m~> and 103 taxa in the Chukchi Sea but only 161.78 x 10* cells m~?
and 71 taxa in the Bering Sea. The results of PCA indicated that the first two components the most important
species variables explained 33.0% of the total variance in the netphytoplankton distribution in the study ar-
eas. The main populations belong to the arctic-boreal community pan-arctic community and boreal oceanic
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community including some centric diatoms in the arctic-boreal community such as Chaetoceros curvisetus
C. debilis C. socialis C. furcellatus etc. belonging to the Chaetoceros-Oligochromatophorus group and
Lauderia glacialis  Leptocylindrus danicus — Thalassiosira nordenskioldii and Bacteriosira fragilis etc. as well
as Corethron criophilum  Proboscia truncata  P. inermis Dentecula seminaeandsome and some species be-
longing to Chaetoceros- Phaeoceros- Polychromatophorus group such as Chaetoceros atlanticus etc. in the boreal
oceanic community. Seven major netphytoplankton regions containing different phytoplankton communities in
two study areas were distinguished by the cluster analysis. However the extremely dynamic physical nature of
the drifting pack ice e.g. packing breaking up and melting introduce short-term variability into the water
conditions that no doubt affect the species composition hence the groupings of the netphytoplankton in the
different regions may reflect temporal conditions particularly in the Chukchi Sea that require repeated sam-
pling in order to better classify the regions.

Conclusions There were strong differences in the density and taxa of the netphytoplankton between the
Chukchi Sea and Bering Sea. The density and composition were highly variable among sampling sites particu-
larly in Chukchi Sea.

Key words Chukchi Sea and Bering Sea Netphytoplankton Distribution Ecology Multivariate analysis
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1
Table 1

199 7-~8

Species composition of netphytoplankton in Chukchi Sea and Bering Sea July — August 1999

Numbers of species S and genus G

Phylum Chukchi Sea Bering Sea Common in both areas Total
G S G S G S G S
Bacillariophyta 28 94 20 57 11 44 32 104
Pyrrophyta 2 6 3 12 1 3 3 14
Chrysophyta 3 3 2 2 1 2 3 3
Sum 33 103 25 71 13 49 38 121
2 199 7-~8
Table 1  Variances of netphytoplankton horizontal distribution in Chukchi Sea and Bering Sea  July — August 1999
Ranging of parameters among stations
Area
Cell density 10* cells m~3 Evenness J Diversity index H'
Chukchi Sea 0.16 ~90 680.2 0.07~0.87 0.33~3.82
Mean 9 122.56 Mean 0.43 Mean 1.90
Bering Sea 0.47 ~ 1 481.28 0.01~0.75 0.03~3.01
Mean 161.78 Mean 0.45 Mean 1.88
Average 4 733.61 0.44 1.89
3 5
Table 3  Eigenvalues and percent of variation explained for the first 5 components of the principal component anaysis PCA
Principal component Eigenvalues Percent of variance % Cumulative variance %
1 10.86 18.7 18.7
2 8.27 14.3 33.0
3 5.61 9.7 42.7
4 4.32 7.5 50.1
5 3.95 6.8 56.9
- 14 Cé6 0.58 C
2002 -0.95 C 27.14
Heim- 31.04 C21 19d
dal 1989 Melnikov 1997 Werner 1977 3.88°C 32.67
5 PC1
c21 C17 C19 C15
C28 (26 d
C34 (C36 (38 C42 Heimdal 1989 Melnikov 1997
7 pCc2
Cl G Co6 Corethron criophilum Proboscia trunca-
ta P. inermis
7 14 Rhizosolenia hebetata var. hiemalis
Cl4 Dentecula seminae Asterolampra heptac-
20 d 5 7 tis Dinophysis acuminata
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Table 4  Variable loadings of selected species of phytoplankton in the principal component anaysis PCA

Principal component

Variable PCl1 PC2 PC3 PC4 PCs
Asterolampra heptactis -0.025 0.333 -0.043 0.008 0.069
Bacteriosira fragilis 0.169 -0.006 0.011 -0.198 0.130
Chaetoceros atlanticus -0.030 0.339 -0.031 0.001 0.034
C. borealis 0.057 0.003 0.082 -0.135 -0.286
C. compressus 0.103 -0.019 -0.100 0.173 0.033
C. concavicornis 0.049 0.067 0.116 -0.162 -0.384
C. constrictus 0.024 -0.033 -0.160 0.024 0.075
C. curvisetus 0.269 0.030 0.117 0.033 0.102
C. debilis 0.263 0.028 0.141 0.042 0.112
C. decipiens 0.236 0.025 0.060 0.248 -0.115
C. densus 0.084 -0.007 0.137 -0.193 -0.180
C. distans 0.220 0.012 0.145 -0.016 0.012
C. furcellatus 0.180 -0.025 -0.080 0.025 -0.139
C. socialis 0.199 0.020 0.153 -0.158 0.211
C. subsecundus 0.172 0.012 0.084 0.090 -0.213
C. comvoltus 0.145 0.243 -0.036 0.225 -0.010
C. teres 0.211 -0.009 0.073 -0.024 0.060
Chaetoceros sp. 0.259 0.010 -0.049 0.136 -0.002
Corethron criophilum -0.032 0.340 -0.033 0.004 0.031
Coscinodiscus asteromphalus 0.064 -0.015 0.017 -0.103 -0.158
C. debilis 0.191 0.009 -0.010 0.262 -0.049
C. excentricus 0.033 -0.041 -0.092 -0.014 -0.078
C. marginatus -0.054 -0.002 0.059 0.016 -0.048
C. oculus-iridis 0.202 0.024 0.010 0.328 -0.060
Coscinodiscus sp. 0.011 -0.030 —-0.065 -0.013 —-0.040
Cylindrotheca closterium 0.198 0.023 0.188 -0.161 0.191
Dentecula seminae -0.056 0.244 0.036 -0.002 -0.186
Entomoneis alata = Amphiprora alata 0.040 0.007 -0.130 —-0.045 0.036
Fragilaria sp. 0.072 0 -0.275 -0.186 -0.062
Lauderia glacialis 0.228 -0.001 -0.150 0.059 -0.067
Leptocylindrus danicus 0.218 0.013 -0.118 -0.136 -0.108
Navicula sp. 0.017 0.011 -0.209 -0.011 0.088
Nitzschia frigida 0.030 -0.021 -0.048 -0.056 0.015
N. grunowii 0.092 -0.013 -0.270 -0.216 -0.069
N. longissima 0.212 0.019 -0.023 0.310 -0.067
Nitzschia sp. 0.114 -0.037 -0.322 -0.111 -0.046
Pseudo-nitzschia delicatissima 0.004 0.306 -0.150 -0.066 0.038
P. pungens 0.135 0 -0.265 -0.170 -0.066
P. seriata -0.039 0.117 0.026 -0.029 -0.259
Pleurosigma sp. 0.054 -0.014 -0.275 —-0.084 0.069
Proboscia alata 0.150 0.019 0.220 -0.254 0.157
P. truncata -0.031 0.340 -0.033 0.004 0.029
P. inermis -0.011 0.336 -0.026 -0.008 0.059
Rhizosolenia styliformis 0.148 0.011 0.172 -0.179 -0.154
R. setigera 0.084 0.020 0.168 -0.183 -0.083
R. hebetata var. hiemalis 0.057 0.221 0.108 -0.143 0.190
Skeletonema costatum -0.005 -0.017 0.016 0.009 -0.003
Thalassiosira gravida 0.044 -0.025 -0.119 —-0.065 -0.020
T. nordenskioldit 0.216 0 0.030 -0.151 0.080
T. subtilis 0.141 -0.020 -0.259 -0.003 -0.091
Thalassiothrix longissima -0.031 0.049 0.023 -0.037 -0.027
T. frauenfeldii 0.041 0.038 -0.120 -0.163 -0.006
Ceratium fusus -0.055 0.125 0.068 -0.020 -0.289
C. lineatum -0.053 0.086 0.073 -0.028 -0.293
C. longipes -0.080 0.025 0.087 0.022 -0.168
Dinophysis acuminata -0.029 0.328 -0.042 0.012 0.078
Protoperidinium depressum 0.002 -0.016 -0.018 0.033 0. 066
Distephanus speculum 0.021 -0.026 -0.079 0.003 —-0.096
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Table 5 Principal component scores maked fromthe samples collected in the study areas

5

Principal component scores

Sampling date

Samples 1 2 3 4 5 - Month-day
Cl -0.136 -0.479 -0.071 -0.543 1.233 7-14
C5 -0.084 -0.867 0.573 0.153 -0.205 7-14
C6 -0.833 -0.742 -0.206 0.662 0.449 7-14
Cc7 -0.531 -0.942 -2.208 -0.097 0.586 7-15
C8 —-1.420 -0.734 0.373 0.580 0.647 7-15
C10 -0.836 -0.711 -0.487 0.398 0.665 7-16
C12 0.881 -0.878 -0.652 -0.414 1.241 7-17
Cl13 2.649 -0.793 -1.324 -2.413 -1.623 7-18
Cl4 -1.367 -0.719 0.523 0.347 0.553 7-18
Cl15 15.174 1.393 0.318 9.667 - 1.646 8-3
C17 4.996 -0.066 3.036 -1.732 —-5.940 8-3
C19 1.584 0.065 4.350 -4.339 -3.432 8-3
C21 11.518 1.167 7.191 -6.378 6.055 8-3
C24 1.917 -1.416 -1.263 -0.491 -2.309 8-4
C25 1.304 -1.048 -1.334 -0.920 -0.991 8-4
C26 2.991 -0.782 —-4.809 -1.312 0.905 8-4
C28 5.374 -0.011 -10.567 -5.526 -1.659 8-5
C30 0.269 -0.498 -1.263 0.005 -0.601 8-8
C31 0.622 -1.201 -3.802 0.910 0.125 8-8
C32 0.301 -0.911 -2.821 0.806 1.866 8-8
C33 0.414 -0.859 -0.791 0.904 1.751 8-9
C34 -1.497 -0.733 0.417 0.528 0.637 89
C36 —-1.483 -0.733 0.381 0.521 0.651 8-10
C38 —-1.487 -0.737 0.406 0.526 0.665 8-19
Cc42 —1.485 -0.735 0.414 0.519 0.645 8-23
BI1-12 -1.325 -0.429 0.278 0.582 0.613 7-31
B1-9 -1.389 -0.750 0.362 0.545 0.590 7-21
B1-8 -1.352 -0.667 0.341 0.556 0.563 7-21
B1-6 -1.533 -0.705 0.475 0.530 0.621 7-21
Bl1-4 -1.562 -0.628 0.495 0.534 0.513 7-21
B1-3 -1.422 0.071 0.862 0.093 0.929 7-22
B1-2 -1.79 18.764 -1.718 0.245 2.070 7-23
B1-1 -2.755 4.129 2.421 -0.802 -8.038 7-21
B2-1 -1.871 0.291 1.409 -0.147 -1.371 7-24
B3-1 -1.572 -0.626 0.506 0.517 0.430 7-24
B5-1 -1.904 -0.583 0.952 0.695 -0.303 7-24
B5-3 -1.528 -0.534 0.901 0.226 -0.035 7-26
B5-2 -1.508 -0.722 0.439 0.524 0.602 7-26
B4-1 -1.729 -0.571 0.757 0.563 -0.078 7-27
B3-2 -1.549 -0.640 0.494 0.506 0.446 7-27
B2-2 -1.910 1.323 0.784 0.154 -1.066 7-28
B2-3 -1.601 -0.642 0.576 0.514 0.308 7-28
B4-2 -1.733 -0.280 0.747 0.466 -0.119 7-30
B2-5 -1.484 -0.720 0.411 0.518 0.663 7-30
B2-9 - 1.487 -0.721 0.410 0.522 0.661 7-30
B2-12 —-1.484 -0.716 0.410 0.518 0.657 7-31
B5-4 -1.334 0.766 0.331 -1.292 -0.067 7-31
B5-7 -1.491 -0.715 0.408 0.498 0.638 8-1
B5-10 -1.523 -0.718 0.564 0.575 0.508 8-1




769
Pseudo-nitzschia delicatissima Proboscia alata Rhizosolenia  styli-
Chaetoceros- Phaeoceros- Polychromatophorus formis R. setigera
group Chaetoceros atlanticus
C. conwolius 32
Motoda & Minoda 1974 Werner 1977 C21 C19 C17
B1-2 Bl1-1 Nitzschia sp. N. grunowi-
B2-2 B2-1 CI5 i Pseudo-nitzschia pungens
C21 Fragilaria sp. Pleurosigma sp .
Navicula sp.
C28 C26 C7
€31 (32
2001 Bl-1 Heimdal 1989 Homer & Alexander 1972
B2-1 B3-1 Melnikov 1997
8.41°C  33.02 PC4
Coscinodiscus oculus-iridis
5
C15
2002
PC3 C21 C28

Bray-curtisAH{RLi:

Bray-curtis similarity

20

——

40

60
80 1
100 ~

NN HLRO ROV —NOMO AN M HLOOH - ODIE-NO HI - <H NN — — =N — N

T L LBCCCEECSBCSBEBTUTTTCCTOTI T inthih tibh wih it T b ecy ey Ll
—— —

[2a]

Wk Stations

2

Fig.2  Dendrogram of cluster analysis of phytoplankton assemblage collected from Chukchi Sea and Bering Sea
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