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

waters in autumn, 1998
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Abstract: Features of phytoplankton community were studied based on the netz-phytoplankton data from the Sino-Germany

Cooperative Project “Analysis and Modelling of the Bohai Sea Ecosystem”. Station-grid-surveys were carried out twice between

24™ September and 6™ October 1998, at 30 grid stations in the Bohai Sea. to understand the ecosystem structure and functions.
Phytoplankton was sampled by the standing net type III (mesh size 76pm. the standard sampling tool in Chinese marine

phytoplankton studies) with a vertical haul at each grid station. The phytoplankton samples were preserved in neutral formalin

(2% final concentration of formaldehyde) and analysed in the laboratory using a microscope. Three classes, including 38
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genera and 84 species (not including unidentified taxa) were commonly found in the survey area. The main phytoplankton
group was diatoms, but the dinoflagellates were also important in the phytoplankton community. becoming the dominant group
at some study stations. The dominant species were Coscinodiscus excentricus, Ceratium fusus. Chaetoceros lorenzianus .,
Eucampia zodiacus, Ceratium furca, Thalassionema frauenfeldii, Hemiaulus sinensis, Pseudo-nitzschia pungens, Ditylum
brightwellii y Ceratium horridum s Stephaopyxis palmeriana and Guinardia flaccida, etc. Most are neritic species of temperate
coastal seas, along with a few oceanic warm water species. The dominant species in the two station-grid-surveys were similar,
so it can be deduced that phytoplankton community in the Bohai Sea in autumn was relatively uniform. Most of dominant
phytoplankton species mentioned above are autochthonous species, which occur mainly locally. Hemiaulus sinensis,
Stephaopyxis palmeriana and Guinardia flaccida are allochthonous species. imported via the Huanghai Sea Warm Current
through the North Bohai Strait. These dominant species mentioned above are big-celled with high-carbon-content, most of
them are key stone species in autumn in the Bohai Sea. A study of species population dynamics was necessary to understand the
processes in the Bohai Sea ecosystem. Except for Coscinodiscus excentricus and Ceratium horridum, the species mentioned
above are red tide organisms. with Ceratium fusus and Ceratium furca forming red tides in the Bohai Bay during the cruise.

Phytoplankton cell abundance in the first station-grid-surve ranged from 4.14X10"ind. /m® to 535. 45X 10" ind. /m*, the
average value was 160. 86X 10* ind. /m®; it was high in the North Bohai Bay, the Central Bohai Sea, the North Laizhou Bay
and the South Bohai Strait. Phytoplankton cell abundance in the second station-grid-survey ranged from 1. 75X 10* ind. /m? to
226.10X 10" ind. /m?*, the average value was 77.84 X 10" ind. /m”; it was high in the Bohai Bay, the Central Bohai Sea, the
North Laizhou Bay and the South Bohai Strait. Diatom cell abundance in the first station-grid-survey ranged from 3.30X 10"
ind. /m? to 393. 28X 10" ind. /m’. the average value was 124.16X10"ind. /m?; it was high in the North Bohai Bay, the Central
Bohai Sea, the North Laizhou Bay and the South Bohai Strait. Diatom cell abundance in the second station-grid-survey ranged
from 1. 63X 10" ind. /m® to 215. 96 X 10" ind. /m?, the average value was 60. 39X 10" ind. /m?; it was high in the North Bohai
Bay, the Central Bohai Sea and the South Bohai Strait. Dinoflagellate cell abundance in the first station-grid-survey ranged
from 0. 34X 10" ind. /m” to 234. 23X 10" ind. /m’, the average value was 36. 69X 10" ind. /m®; it was high in the North Bohai
Bay. Dinoflagellate cell abundance in the second station-grid-survey ranged from 0.12 X 10" ind. /m® to 144. 20X 10" ind. /m?,
the average value was 17.45 X 10" ind. /m®; it was high in the Bohai Bay and the North Laizhou Bay. The horizontal
distribution was quite similar between the two station-grid-surveys. The horizontal distribution of phytoplankton was
determined by the diatom distribution pattern, dinoflagellates formed high abundance areas in the North Bohai Bay and the
North Laizhou Bay and affected the phytoplankton distribution pattern in these regions to some extent. Phytoplankton
abundance decreased significantly between the two station-grid-surveys. Comparison of results showed that a decrease of
temperature and salinity was the main reason for the decrease in phytoplankton abundance.

During the cruise, a big scale red tide event occurred in the Bohai Bay. in which Ceratium fusus and Ceratium furca
coexisted and dominated the phytoplankton community. Based on the abundance change in the two station-grid-surveys, the
apparent mortality rates of Ceratium fusus and Ceratium furca were 4.19 and 3. 65 x10%'ind. /(d * m*) respectively.

Comparison with the same season data for 1982 showed that the phytoplankton community structure has changed:
Chaetoceros had decreased, while planktonic dinoflagellates and Coscinodiscus increased. Compared with 1992 data, however,
the phytoplankton community has not changed so much. The cell abundances were quite similar in 1982, 1992 and in this
study.

The analysis above indicates that the phytoplankton community in the Bohai Sea in autumn was relatively uniform. and
physical factors or hydrodynamic processes were the main controlling factors on phytoplankton community development in this
season in the Bohai Sea.

Key words :phytoplankton; the Bohai Sea; community structure; red tide
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Phytoplankton sampling stations in the Bohai Sea
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Table 1 Phytoplankton species composition in survey area

Species

Species

Bacillariophyta

Actinoptychus senarius (Ehrenberg) Ehrenberge
Asterionellopsis glacialis (Castracane) Round
Asterolampra marylandica Ehrenberg
Bacillaria paxillifera (Miller) Hendey
Bacteriastrum furcatum Shadbolt
Cerataulina bicornis (Ehrenberg) Hasle
Cerataulina pelagica (Cleve) Hendey
Chaetoceros affinis Lauder

Chaetoceros atlanticus var. neapolitana (Schroder)
Hustedt

Chaetoceros castracanei Karsten
Chaetoceros compressus Lauder
Chaetoceros curvisetus Cleve

Chaetoceros debilis Cleve

Chaetoceros densus Cleve

Chaetoceros denticulatus L.auder
Chaetoceros diadema (Ehrenberg) Gran
Chaetoceros didymus Ehrenberg
Chaetoceros diversus Cleve

Chaetoceros eibenii Grunow

Chaetoceros laevis Leuduger-Fortmorel
Chaetoceros lauderi Ralfs

Chaetoceros lorenzianus Grunow
Chaetoceros peruvianus Brightwell
Chaetoceros pseudocurvisetus Mangin
Chaetoceros similis Cleve

Chaetoceros spp.

Climacodium biconcavum Cleve
Corethron hystrix Hensen

Coscinodiscus centralis Ehrenberg
Coscinodiscus curvatulus Grunow
Coscinodiscus excentricus Ehrenberg
Coscinodiscus gigas Ehrenberg
Coscinodiscus granii Gough
Coscinodiscus oculatus (Fauv. ) Petit
Coscinodiscus oculus-iridis Ehrenberg
Coscinodiscus spp.

Ditylum brightwellii (West) Grunow
Ditylum sol Grunow

Eucampia cornuta (Cleve) Grunow
Eucampia zodiacus Ehrenberg
Guinardia delicatula (Cleve) Hasle
Guinardia flaccida (Castracane) Peragallo
Guinardia striata (Stolterfoth) Hasle
Helicotheca tamesis (Shrubsole) Ricard

Hemiaulus hauckii Grunow

Hemiaulus membranaceus Cleve
Hemiaulus sinensis Greville
Leptocylindrus danicus Cleve
Meuniera membranacea (Cleve) Silva
Navicula spp.

Nitzschia spp.

Odontella mobiliensis (Bailey) Grunow
Odontella regia (Schultze) Simonsen
Odontella sinensis (Greville) Grunow

Pleurosigma affine Grunow

Proboscia alata (Brightwell) Sundstrém
Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle
Pseudosolenia calcar-avis (Schultze) Sundstréom
Rhizosolenia alata f. gracillima (Cleve) Grounow
Rhizosolenia imbricata Brightwell

Rhizosolenia indica (Péragallo) Ostenfeld
Rhizosolenia robusta Norman

Rhizosolenia setigera Brightwell

Rhizosolenia styliformis Brightwell

Skeletonema costatum (Greville) Cleve
Stephanopyxis palmeriana (Greville) Grunow
Thalassionema frauenfeldii (Grunow) Hallegraeff
Thalassionema nitzschioides Grunow

Thalassiosira nordenskioeldii Cleve

Thalassiosira rotula Meunier

Dinophyta

Alexandrium catenella (Whedon &. Kofoid) Balech
Ceratium furca (Ehrenberg) Dujardin

Ceratium fusus (Ehrenberg) Dujardin

Ceratium horridum (Cleve) Gran

Ceratium kofoidii Jprgensen

Ceratium macroceros (Ehrenberg) Vanhoffen
Ceratium trichoceros (Ehrenberg) Kofoid
Ceratium tripos (Miller) Nitzsch

Dinophysis acuminata Claparede &. Lachmann
Dinophysis caudata Saville-Kent

Noctiluca scintillans (Macartney) Kofoid &. Swezy
Peridinium pellucidum Bergh

Protoperidinium conicum (Gran) Balech
Protoperidinium depressum (Bailey) Balech
Protoperidinium pentagonum Gran

Pyrocystis fusiformis Murray

Pyrophacus steinii (Schiller) Wall &. Dale
Chrysophyta

Dictyocha fibula Ehrenberg

[18: 19] Phytoplankton species nomenclature changes refer to Sun ez all$:

19]



1648 24

2 1

Table 2 The dominant species in the first station-grid-survey

(CZP) 7P
Taxa Percentage in cell abundance Frequency in samples Dominance
Coscinodiscus excentricus 18.9 100.0 0.1891
*Ceratium fusus 11.6 92.9 0.1078
Chaetoceros lorenzianus 11.7 89.3 0.1045
Eucampia zodiacus 10.9 67.9 0.0737
*Ceratium furca 6.7 78.6 0.0528
Thalassionema frauenfeldii 4.1 78.6 0.0325
*Ceratium horridum 2.8 46. 4 0.0130
Hemiaulus sinensis 3.9 32.1 0.0127
Pseudo-nitzschia pungens 1.8 67.9 0.0124
Ditylum brightwellii 1.4 85.7 0.0122
* means dinoflagellates
3 2
Table 3 The dominant species in the second station-grid-survey
(CZD) 7P
Taxa Percentage in cell abundance Frequency in samples Dominance
Coscinodiscus excentricus 26.7 100.0 0.2673
*Ceratium fusus 11.6 92.9 0.1081
*Ceratium furca 7.3 67.9 0.0497
Pseudo-nitzschia pungens 6.6 57.1 0. 0379
Eucampia zodiacus 7.6 50.0 0. 0379
Ditylum brightwellii 4.2 85.7 0.0364
Chaetoceros lorenzianus 3.4 78.6 0. 0268
*Ceratium horridum 2.1 75.0 0.0161
Stephaopyxis palmeriana 2.5 57.1 0.0141
Guinardia flaccida 1.4 89.3 0.0123
* means dinoflagellates
4
Table 4 Comparison of phytoplankton dominant species among the same season of historical data sets
1982-09-01~12 1992-10 1998-09-24~27 1998-10-03~06
Taxa A % A % A % A %
Chaetoceros spp. 76. 80 40. 80 11.0 14.1 31. 36 20. 89 11.05 15.21
Coscinodiscus spp. 13. 20 7.00 18.1 23.2 28.47 18. 96 19.50 26. 84
Asterionellopsis glacialis 5.20 2. 80 0.1 0.1 2.67 1.78 0.01 0.01
Paralia sulcata 1.10 0. 60 0.5 0.7 / / / /
Pseudo-nitzschia pungens 0. 90 0.50 0.7 0.9 2.75 1. 83 4.82 6.63
Skeletonema costatum 0. 50 0. 30 0.8 1.0 0.12 0. 08 0.02 0.03
Eucampia zodiacus 5.2 6.7 16. 90 11. 26 5.50 7.57
Ceratium spp. — — — — 32.33 21.53 15.58 21.44
— means no data;/ means no present; A Phytoplankton abundance ( X 10%ind. /m®); %

Percentage to the total abundance

! 0.34~234.23X10*  /m?, 36.69x10" /m® IA,
’ . 2
0.12~144.20x10" /m®, 17.45X 10"  /m? 4B,

1

| s 0.003~3.53,
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Table 5 The abundance and mortality rate of Ceratium fusus and Ceratium furca during the two station-grid-survey
) . . . . (X10* (d +m?®))
A(X10"ind » m®) B(X10"ind » m®) C(X10"ind » m®) A /(demD)
Mortality rate (X 10%nd. /(d « m?))
Ceratium fusus 64.41 + 66.24 (n=17) 28.83 + 39.88 (n=7) 35.58 4.19
Ceratium furca 32.81 + 41.15 (n=17) 1.80 + 1.46 (n=17) 31.01 3. 65
A. 1 The mean value of phytoplankton abundance during the first station-grid-survey ; B. 2

The mean value of phytoplankton abundance during the second station-grid-survey;C. 2

The changes of abundance between the two station-grid-survey

, ; 0.08~182.25X10" /m®, 20.11X 10" /m®,
. . ; 0.32~114.48Xx10* /
m’, 21.08x 10"  /m®, , ;
0.21~187.75X10" /m’, 25.76X10" /m?®, ; .
; 0.04~101.99Xx10" /m?*, 13.76x10*  /m?®,
; 0.72~24.78X10" /m?®, 9.72X10"  /m®,
) . 2 : 0.98~82.69x10* /

m?®, 20.80Xx 10"  /m?, , 3 0.12~
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Table 6 Phytoplankton abundance and environmental factors during the two station-grid-survey
1 2 2 (7]
First grid Second grid Changes between Percentage
survey survey two surveys of changes
Phytoplankton abundance ( X 10%ind. /m?®) 160. 86 77. 84 —83.02 —51.6
Diatom abundance ( X 10%ind. /m?) 124.16 60. 39 —63.77 —51.4
Dinoflagellate abundance ( X 10*ind. /m?®) 36. 69 17. 45 —19. 24 —52.4
Phosphate (umol /L) 0. 209 0.213 0. 004 1.9
Silicate (umol /L) 8. 548 6. 277 —2.271 —26.6
Nitrate (umol /L) 1. 242 1.252 0.01 0.8
Ammonia (pmol /L) 0.775 0.578 —0.197 —25.4
Temperature( C) 21. 656 21.633 —0.023 —0.1
Salinity (psu) 30. 959 30. 604 —0.355 —1.1
Turbidity (NTU) 2.24 2.15 —0.09 —4.0
7 Pearson 1~2

Table 7 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 0.910" " 0. 000 1
Dinoflagellate abundance 0.597*~ 0. 000 0.211 0.119 1
Temperature 0.338" 0.011 0.342** 0.01 0.135 0.321
Salinity 0.197 0. 145 0.181 0.181 0.114 0.402
pH pH value 0.220 0. 104 0.128 0. 346 0.27 0. 044
Turbidity 0. 058 0. 669 0. 060 0. 659 0.021 0. 876
Dissolved oxygen 0.053 0.702 0.118 0. 389 —0.105 0. 448
Phosphate —0.057 0.674 —0.008 0. 956 —0.121 0. 375
Silicate —0.017 0. 902 —0.072 0.599 0. 099 0. 467
Nitrite 0.138 0. 311 0. 255 0. 058 —0.168 0.215
Nitrate 0.145 0. 285 0.251 0.062 —0.143 0. 294
Ammonia 0.184 0.174 0.193 0.154 0. 060 0. 66
Dissolved inorganic nitrogen 0.165 0. 225 0.275" 0. 041 —0.143 0.293
N/P DIN/DIP ration 0.182 0.184 0.270* 0. 046 —0. 095 0.491
Total dissolved nitrogen 0. 225 0. 096 0. 287" 0.032 —0.027 0. 846
Total dissolved phosphorus 0.148 0.276 0.224 0. 097 —0. 085 0.533
Dissolved organic carbon 0.464" 0.015 0.322 0.102 0.479" 0.012
Dissolved organic nitrogen 0.117 0. 391 0. 050 0.717 0. 180 0.184
Dissolved organic phosphorus 0. 208 0.125 0. 247 0. 067 0.012 0.931
Particular carbon 0.487" * 0. 000 0.428* * 0.001 0.321" 0.016
Particular nitrogen 0.519" " 0. 000 0.475" 0. 000 0.304" 0.023
Particular phosphorus 0.370" " 0. 005 0.272* 0.043 0.346" * 0. 009
Suspended particulate matter —0. 004 0.977 —0. 004 0.976 —0.001 0.992
a Chlorophyll a 0.373** 0. 005 0. 264 0.052 0.368" * 0. 006
in vivo fluorescence 0. 006 0.965 —0.007 0.957 0. 029 0. 834
Primary productivity 0.106 0.439 0.121 0. 375 0.015 0.911
Pearson  Pearson Pearson is the Pearson’s correlation coefficient ;z t sn 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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