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The netz-phytoplankton community of the Central Bohai Sea and its adjacent

waters in spring 1999
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Institute of Oceanologys Chinese Academy of Sciencess Qingdao 266071, Chinas 2. Marine Life Science Colleges Ocean University of China
Qingdao 266003, China). Acta Ecologica Sinica,2004,24(9) :2003~2016.

Abstract: Features of the phytoplankton community were studied using the netz-phytoplankton data from the Sino-Germany
Cooperative Project “Analysis and Modelling of the Bohai Sea Ecosystem”. Two station-grid-surveys were carried between 28™
April and 11™ May 1999 at 30 grid stations in the Bohai Sea to understand the ecosystem structure and functions.
Phytoplankton was sampled using the standing net type III (mesh size 76pm, the standard sampling tool in Chinese marine
phytoplankton studies) with a vertical haul at each grid stations. The phytoplankton samples were preserved in neutral
formalin (2% final concentration of formaldehyde) and analysed in the laboratory using a microscope.

A total 4 phyla, including 33 genera and 65 species of phytoplankton (not including unidentified taxa) were commonly
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found in the survey area. The main phytoplankton group was diatoms, but there were also some dinoflagellates, Chrysophyta
and Cyanophyta. especially in the Bohai Strait. The dominant species were Asterionellopsis glacialis, Coscinodiscus oculus-
iridiss Ditylum sol, Rhizosolenia setigera, Ditylum brightwellii, Skeletonema costatum, Meuniera membranacea, Bacillaria
paxillifera, Asteroplanus karianus, Thalassiosira rotula, Chaetoceros castracanei and Pseudo-nitzschia pungens, etc. Most are
neritic species in temperate coastal seas, with a few species belonging to oceanic warm water or oceanic species. Most of
dominant phytoplankton species are autochthonous species, which occur mainly locally. Asteroplanus karianus and Chaetoceros
castracanei are allochthonous species, coming via Huanghai Sea Warm Current and the Kuroshiro Current through the North
Bohai Strait. Some of these dominant species mentioned above are big-celled with high-carbon-contents, and are key species in
spring.

in the Bohai Sea. A study of species population dynamics was necessary to understand the processes of Bohai Sea
ecosystem. The dominant species of phytoplankton in the two station-grid-surveys were quite different. There were two
possible explanations these phenomena: one is that the dominant phytoplankton species. such as. Asterionellopsis glacialis.,
Skeletonema costatum and Pseudo-nitzschia pungens, etc. , were small-celled, grew faster and the phytoplankton community
developed faster. The other reason was that windy events were frequent in Spring, thus the phytoplankton community changed
rapidly because of mixing of tychopelagic species in the upper water layer.

Phytoplankton cell abundance in the first station-grid-survey ranged from 0. 18X 10"ind. /m®to 391. 15X 10" ind. /m®, the
average value was 33. 08X 10" ind. /m?; it was high in the East Central Bohai Sea close to the Bohai Strait. Phytoplankton cell
abundance in the second station-grid-survey ranged from 0.17 X 10" ind. /m® to 1068. 79 X 10" ind. /m®, the average value was
73.57>X 10" ind. /m?*; the horizontal distribution pattern was similar to the first station-grid-survey. Diatom cell abundance in
the first station-grid-survey ranged from 0. 18X 10" ind. /m® to 390. 07 X 10" ind. /m®, the average value was 32. 37X 10" ind. /
m”; it was also high in the East Central Bohai Sea close to the Bohai Strait. Diatom cell abundance in the second station-grid-
survey ranged from 0.17 X 10" ind. /m’ to 1067. 96X 10" ind. /m”, the average value was 73X10" ind. /m”; a similar horizontal
pattern to the phytoplankton distribution was determined. Dinoflagellate cell abundance in the first station-grid-survey ranged
from 0 to 4.21X 10" ind. /m?®, the average value was 0.7 X 10" ind. /m®; it was high along the A section located in the Bohai
Strait. Dinoflagellate cell abundance in the second station-grid-survey ranged from 0 to 5. 54X 10" ind. /m®, the average value
was 0. 58 X 10" ind. /m”; it was also high in the Bohai Strait. The horizontal distribution of phytoplankton was quite similar
between the two station-grid-surveys, but the species composition and cell abundance changes were rather large. The
horizontal distribution of phytoplankton was determined by the diatom distribution pattern. The phytoplankton cell abundance
increased between the two station-grid-surveys, they all formed high concentration areas around E5 and F4. After comparison
of changes in environmental factors, it was found that diatoms contributed to the most of phytoplankton increment, and the
increment of temperature and silicate concentration was the main reason for the phytoplankton growth during the investigation
period. Furthermore, a decline in turbidity led to improved water stability, favouring the growth of phytoplankton. The
analysis of phytoplankton community changes with environmental factors at station E5 showed that under low nutrient
concentrations in ambient water, although the silicate was low, increments of phosphate and nitrate will promote the growth of
small-celled diatoms. Similarly, comparative analysis at station F4 showed that under high nutrient concentrations in ambient
water, increments of silicate will promote the growth of big-celled diatoms.

Comparison with the same season data in 1982 and 1992, showed major differences. This was because of the fast
development of phytoplankton community in spring in the Bohai Sea. Thus, the phytoplankton community data for analysing
the Bohai Sea ecosystem in spring is unsatisfactory, more frequent and sophisticated investigations are needed to better
understand the system.

Key words:phytoplankton; Bohai Sea; community structure; spring
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Table 1 Phytoplankton species composition in survey area
Species Species
Bacillariophyta Navicula spp.
Actinoptychus senarius (Ehrenberg) Ehrenberge Nitzschia longissima (Brébisson) Ralfs
Amphiprora alata Kiitzing Nitzschia spp.
Asterionellopsis glacialis (Castracane) Round Odontella aurita (Lyngbye) Agardh
Asteroplanus karianus (Grunow) Gardner et Crawford Odontella mobiliensis (Bailey) Grunow
Bacillaria paxillifera (Miiller) Hendey Odontella regia (Schultze) Simonsen
Bleakeleya notata (Grunow) Round Odontella sinensis (Greville) Grunow
Chaetoceros affinis Lauder Pleurosigma affine Grunow
Chaetoceros castracanei Karsten Paralia sulcata (Ehrenberg) Cleve
Chaetoceros compressus Lauder Proboscia alata (Brightwell) Sundstrém
Chaetoceros curvisetus Cleve Pseudo-nitzschia delicatissima (Cleve) Heiden
Chaetoceros danicus Cleve Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle
Chaetoceros debilis Cleve Pseudosolenia calcar-avis (Schultze) Sundstrom
Chaetoceros densus Cleve Rhizosolenia alata f. gracillima (Cleve) Grounow
Chaetoceros denticulatus Lauder Rhizosolenia imbricata Brightwell
Chaetoceros didymus Ehrenberg Rhizosolenia indica (Péragallo) Ostenfeld
Chaetoceros eibenii Grunow Rhizosolenia robusta Norman
Chaetoceros lauderi Ralfs Rhizosolenia setigera Brightwell
Chaetoceros lorenzianus Grunow Rhizosolenia styliformis Brightwell
Chaetoceros peruvianus Brightwell Skeletonema costatum (Greville) Cleve
Chaetoceros pseudocurvisetus Mangin Thalassionema frauenfeldii (Grunow) Hallegraeff
Chaetoceros spp. Thalassionema nitzschioides Grunow
Corethron hystriz Hensen Thalassiosira nordenskioeldii Cleve
Coscinodiscus asteromphalus Ehrenberg Thalassiosira rotula Meunier
Coscinodiscus curvatulus Grunow Dinophyta
Coscinodiscus excentricus Ehrenberg Ceratium fusus (Ehrenberg) Dujardin
Coscinodiscus gigas Ehrenberg Ceratium macroceros (Ehrenberg) Vanhoffen
Coscinodiscus oculus-iridis Ehrenberg Ceratium tripos (Miiller) Nitzsch
Coscinodiscus spp. Dinophysis acuminata Claparede &. Lachmann
Ditylum brightwellii (West) Grunow Noctiluca scintillans (Macartney) Kofoid &. Swezy
Ditylum sol Grunow Protoperidinium conicum (Gran) Balech
Eucampia zodiacus Ehrenberg Protoperidinium depressum (Bailey) Balech
Guinardia delicatula (Cleve) Hasle Chrysophyta
Guinardia striata (Stolterfoth) Hasle Dictyocha fibula Ehrenberg
Helicotheca tamesis (Shrubsole) Ricard Cyanophyta
Leptocylindrus danicus Cleve Trichodesmium thiebautii Gomont
Meuniera membranacea (Cleve) Silva
* (22 23] Phytoplankton species nomenclature changes refer to Sun ez a/22- 23]
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Table 2 The dominant species in the first station-grid-survey

9% %)
Species Percentage in cell abundance Frequency in samples Dominance
Coscinodiscus oculus-iridis 11. 27 100. 00 0.1127
Asterionellopsis glacialis 37. 87 26. 67 0.1010
Ditylum sol 4.25 60. 00 0. 0255
Rhizosolenia setigera 4.26 56. 67 0.0241
Ditylum brightwellii 2.34 76.67 0. 0180
Skeletonema costatum 4.57 26. 67 0.0122
Meuniera membranacea 2.74 33.33 0. 0091
Bacillaria paxillifera 3.07 16. 67 0.0051
Asteroplanus karianus 6.33 6.67 0.0042
Eucampia zodiacus 4. 06 10. 00 0.0041
3 2
Table 3 The dominant species in the second station-grid-survey
%) (S7D]
Species Percentage in cell abundance Frequency in samples Dominance
Asterionellopsis glacialis 60. 93 39. 29 0.23935
Rhizosolenia setigera 6. 90 67. 86 0. 04681
Coscinodiscus oculus-iridis 3.13 96.43 0.03021
Thalassiosira rotula 4. 46 39.29 0.01752
Ditylum sol 1. 81 67. 86 0.01228
Chaetoceros castracanei 1. 30 39. 29 0.00512
Pleurosigma affine 0.67 67.86 0. 00457
Pseudo-nitzschia pungens 1.13 32.14 0.00364
Bacillaria paxillifera 2.51 14. 29 0. 00359
Pseudo-nitzschia delicatissima 4.92 7.14 0. 00351
(autochthonous species) ,
(tychopelagic species) , . e, 5 s
(key species) s .
, s s o
o .
o : 2 s 1 s 0~1.5,
0.176, A  2a), 2 s 0~0.53, 0.076,
 2b), : ) ,
1982 M 1992 0¥ C 4,
s . : (D s
. :(2) s
2.2
1 0.18X10'"~391.15x10" /m?, 33.08x10" /m?,
3a s o 2
0.17X10"~1068.79x10" /m?, 73.57X10"  /m?, 3b,
o 2 1 s (

3) [25] [14]
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Fig. 2 Horizontal distribution of dinoflagellate: diatom ratio
a. 1 First station-grid-survey; b. 2 Second station-grid-survey; the same below

4

Table 4 Comparison of phytoplankton dominant species among the same season of historical data sets( < 10" ind. /m?®)

A. 7
Phytoplankton abundance, unit Percentage to the total abundance %;
Species 1982 1982 1983 1983 1993 1999 1999
4.16~4.22 5.6~5.19 4.4~4.18 5.9~5.23 5 4.28~5.1 5.7~5.11
A% A % A % A % A % A % A 4l
Chaetoceros spp. 44.1 13.2 5.5 5.4 190.9 4.9 33.6 6.7 3.6 11.6 22.48 6.39 2.73 3.71
Coscinodiscus spp. 20.7 6.2 24.2 23.8 6.8 0.2 6.9 1.4 2.1 7.6 3.79 11.28 2.30 3.13
Asterionellopsis glacialis  44.2 13.2 0.3 0.3 27.2 0.7 0.2 0.04 0 0 46.97 37.87 114.10 60.93
Paralia sulcata 24.9 7.4 4.5 4.4 20.2 0.5 7.5 1.5 5.6 20.2 4.78 1.93 0 0
Pseudo-nitzschia pungens 5.2 1.6 11.9 11.7 27.3 0.7 351.269.7 2.1 7.6 2.10 1.69 2.59 1.13
Skeletonema costatum 39.1 11.7 0.9 0.9 2326.8 59.30 0 0.1 0.4 5.67 4.57 3.16 0.31
Eucampia zodiacus = — — = e s 0 0 13.44 4.06 10.65 1.55
Ceratium spp. — — — — = - T = — — 0.94 0.53 0.19 0.27
® 4= Means no data

5

Table 5 Phytoplankton abundance and environmental factors during the two station-grid-survey

1 5 (CZP)
Item First grid survey  Second grid survey Changes between  Percentage of
two surveys changes
(X 10%ind. /m®)Phytoplankton abundance 33.08 73.57 40. 49 122. 4
(X 10%nd. /m?®)Diatom abundance 32.37 73.00 40. 63 125.5
(X 10%nd. /m®)Dinoflagellate abundance 0.70 0.57 —0.13 —18.6
(pmol/L)Phosphate 0. 34 0.32 —0.02 —5.9
(pmol/L)Silicate 3.85 4.28 0.43 11.2
(pmol/L)Nitrate 4.18 3.73 —0.45 —10.8
(pmol/L) Ammonia 0.75 0. 62 —0.13 —17.3
( C)Temperature 7.607 8. 825 1.218 16.0
(psu)Salinity 31. 895 31. 869 —0. 026 —0.1
(NTU) Turbidity 13.25 8.18 —5.07 —38.3
. s C 5, o
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Table 6 The Pearson correlation coefficient of phytoplankton abundance and environmental factors during the two station-grid-survey

Cell abundance Diatom abundance Dinoflagellate abundance
Pearson™® t Pearson t Pearson t
Cell abundance 1
Diatom abundance 1.000" * 0. 000 1
Dinoflagellate abundance —0.013 0. 950 —0.019 0.925 1
Temperature —0.096 0.474 —0.096 0.474 0. 066 0. 750
Salinity 0. 088 0.513 0. 085 0.527 0. 381 0. 055
pH pH value 0. 206 0.121 0. 204 0.125 0. 504 0. 009
Turbidity —0.070 0. 604 —0.069 0. 607 —0.191 0. 351
Dissolved oxygen 0.458" " 0. 000 0. 457" 0. 000 0.109 0.596
Phosphate — 098 3 0.319 —0.130 0. 330 —0.676" " 0. 000
Silicate —0.148 0. 267 —0. 146 0.276 —0.561"" 0.003
Nitrite —0. 058 0. 668 —0.055 0. 681 —0.539" " 0. 004
Nitrate —0.102 0. 445 —0.099 0. 460 —0.605" " 0. 001
Ammonia —0.094 0. 482 —0.093 0. 486 —0.313 0.120
Dissolved inorganic nitrogen —0.107 0.422 —0.104 0.436 —0.594" 0. 001
N/P DIN/DIP ration —0.042 0.753 —0.04 0.763 —0.459" 0.018
Total dissolved nitrogen —0.203 0.126 —0. 201 0.130 —0.390" 0. 049
Total dissolved phosphorus —0.118 0.376 —0.115 0. 388 —0.635" " 0. 000
Dissolved organic carbon —0.177 0.183 —0.175 0.188 —0.227 0. 265
Particular carbon —0.038 0.776 —0.038 0.779 —0.159 0. 438
Particular nitrogen —0. 039 0.773 —0.038 0.779 —0.196 0. 337
Particular phosphorus —0.043 0. 747 —0.043 0. 749 —0.136 0.507
Suspended particulate matter —0. 046 0.731 —0. 046 0. 734 —0.174 0. 395
a Chlorophyll a —0. 052 0. 700 —0. 049 0.714 —0.374 0. 060
in vivo fluorescence —0.006 0.974 —0.003 0. 985 —0.217 0.476
(DPearson  Pearson Pearson is the Pearson’s correlation coefficient ;z T ,n 60 ¢is paired-samples T test, number
of the cases for analysis is 60; @) * * 0. 01 Correlation is significant at the 0. 01 level; *

0.05; Correlation is significant at the 0. 01 level, the others is no obvious correlated
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Table 7 Phytoplankton community and its structure indices at station E5S during the two station-grid-survey

1 2 9%
I First grid Second grid Changes between Percentage of
t S g
em survey survey two surveys changes
Asterinellopsis glacialis( X 10%'ind. /m?) 289. 82 945. 16 655 226
Eucampia zodiacus( X 10%ind. /m?*) 32. 44 21.39 —11 3;
Chaetoceros spp. (X 10%nd. /m?) 29.41 26.08 —3 1
Rhizosolenia setigera( X 10'ind. /m®) 6.49 13. 80 7 113
Bacillaria paxillifera(X10%'ind. /m?*) 4. 87 15. 87 11 226
Phytoplankton abundance ( X 10%ind. /m?) 391.15 1068. 79 678 173
Species richness 30 24 —6 _
20
- Shannon-Wiener diversity index 1.71 0.96 —0.75 A4
Simpson’s diversity index 0. 44 0.22 —0.22 51
Margalef’s diversity index 1.32 0.99 —0.34 26
Evenness 0. 35 0.21 —0.14 i
pH Turbidity Oxygen Phosphate Silicate Nitrite Nitrate Ammonia

(NTU) (mg/L) (umol/L)  {pmolL)  (umolL)  (umolL)  {umolL)

31 82 0 8 16 0 8 16 00204 0 2 4 005 010 ¢ 3 6 04 08
0 w— —r% YT % —TX % —1%
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i ¢ o —F— T —F T — —% —T¥
5
10 +
20
30 Ly

4 E5 S 4 )

Fig. 4 Vertical profile of environmental factors at station E5 (V¥ is the mean value during the station-grid-survey)
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Table 8 Phytoplankton community and its structure indices at station F4 during the two station-grid-survey

1 9 ] (CZP)
Ttem First grid survey Second grid survey th;iejui)i:;:en Per:;:::is of
Thalassiosira rotula( X 10*ind. /m®) 1.62 77.18 75.57 4671
Asteroplanus karianus( X 10*ind. /m®) 3. 26 24. 66 21.39 655
Ditylum sol ( X10%nd. /m?) 2.00 20. 69 18. 69 933
Bacillaria paxillifera( X10%nd. /m?) 7.86 20. 37 12.51 159
Coscinodiscus spp. (X 10%nd. /m?) 5.32 19. 62 14. 30 269
Ditylum brightwellii( X 10%*nd. /m?®) 4.31 10. 29 5.98 139
Asterinellopsis glacialis( X 10%nd. /m®) 4. 67 8.58 3.91 84
Chaetoceros castracanei (X 10%*ind. /m?3) 1.62 7.50 5.89 364
Phytoplankton abundance ( X 10%ind. /m?) 39. 06 210. 43 171. 37 439
Species richness 14 19 5 36
- Shannon-Wiener diversity index 3.16 3.07 —0.10 —3
Simpson’s diversity index 0. 87 0. 82 —0.05 —6
Margalel’s diversity index 0.70 0. 86 0.16 22

Evenness 0.83 0.72 —0.11 —13
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