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Abstract : Based on the two cruises of ecosystem comprehensive surveys carried out in the Bohai Sea (37°N
~ 41°N, 117.5°E ~ 122.5°E) in September 1998 and April 1999, the distribution of phytoplankton
biomass, primary productivity and its relationship with environmental factors were studied.

In every cruise, there were twice station grid surveys. Between these two station grid surveys. five

anchor stations and a 3 days drift experiment was carried out. Water samples were taken from Om, 5m,
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10m, 20, 30m, 40m, and bottom according to the water depth. Chlorophyll samples were filtered on
board onto Wateman GF/F filter immediately with carefully shaking before filtering. Chlorophyll a was
extracted and measured according to procedures of UNESCO’s spectrometer methods under 750nm,
630nm, 647nm and 664nm wavelength. The relative photosynthesis rate and assimilation number was
measured at anchor stations by determination the dissolve oxygen changes in black and white incubation
bottles, which were placed under water on in situ conditions. Dissolved oxygen was determined by
Winkler method. Primary productivity was estimated according to Cadée method. Nutrient. hydrological
data and meteorological data were supplied by the workgroups in the campaign.

In autumn 1998, the chlorophyll a concentration of surface layer was between 0. 046~5. 885 mg/m?,
the mean value was 1.892 mg/m’. The horizontal distribution pattern of surface chlorophyll a
concentration shown that, the chlorophyll a concentration was high in the Laizhou Bay. low in the Central
Bohai Sea, and at middle level in the Bohai Bay or Bohai Strait. In spring 1999. the chlorophyll a
concentration of surface layer was between 0. 170~8. 092 mg/m?®, the mean value was 1. 621 mg/m®. The
concentration of surface chlorophyll a concentration was high in the Laizhou Bay and the Liaodong Bay,
low in the Bohai Strait. The horizontal distribution pattern of chlorophyll a was similar to the history
data. The subsurface chlorophyll a maximum (SCM) appeared around the Bohai Strait in the spring
cruise, it is correlate to the stability of water mass, this phenomena approved by vertical profiles of
stratification cause by temperature accumulation. The vertical profiles of chlorophyll a concentration
shown a featured pattern in autumn and spring cruises. The concentration of chlorophyll a became
gradually higher across the section of the Bohai Bay. the Central Bohai Sea and the Bohai Strait in spring .
and it was in reverse in autumn cruise. It became gradually lower across the section of the Laizhou Bay,
the Central Bohai Sea and the Bohai Strait in spring and autumn cruises. The assimilation numbers, that
were measured in field in anchor stations, were between 0. 263~ 4. 649 mgC * mgChla ' » hour ', and

1

mean value was 1.916 mgC * mgChla ' « hour '. In autumn 1998, the primary productivity in water

1 1

column was between 10. 1~458.3 mgC * m ? « day ', the mean value is 163.6 mgC * m * » day '; In

spring 1999, the primary productivity in water column was between 64. 9~740. 6 mgC « m * » day ', the
mean value was 323.7 mgC « m ? « day '. The high value of primary productivity lay nearby the Bohai
Strait and estuary of the Huanghe River, it is because the nutrient supplement from rive and sediment were
plenteous near the Huanghe River estuary, and the euphotic zone was deep around the Bohai Strait.
Comparison with seasonal history data, the primary productivity in the Bohai Sea was decreasing.

The correlation analysis between chlorophyll a concentration and the other environmental factors in
autumn cruise in 1998 shown that, silicate and phosphate concentration had a closed related with
chlorophyll a concentration. These indicated the nutrient limitation of phytoplankton growth of these two
nutrients in the Bohai Sea during the investigation period. The horizontal distribution of these two nutrient
concentrations and N/P ratio (Nitrogen and Phosphate ratio) also support this opinion. The particular or
dissolved organic carbon and nitrogen were also correlated to the chlorophyll a concentration, this
indicated that phytoplankton was taken an important role in the processes of biogeochemical cycles of
carbon and nitrogen in the Bohai Sea during the investigation period. This also indicated that there must be
a more important component than phytoplankton (may be bacteria) in the biogeochemical cycle of
phosphate in the Bohai Sea during the investigation period. The similar correlation analysis of data of
spring cruise in 1999 shown that, phytoplankton growth had a closed relationship with nitrate and nitrite
concentrations. This indicated that nitrogen was a limiting factor of phytoplankton growth in spring in the
Bohai Sea. Nitrite was mainly contributed by phytoplankton in spring in the Bohai Sea. Turbidity also
affected the phytoplankton growth in spring. higher turbidity in this period was mainly caused by the

windy disturbance. The particular organic carbon, nitrogen and phosphate and dissolved organic carbon
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had a closed relationship with chlorophyll a concentration, this indicated that primary production processes

played a very important role in the biogeochemical cycles in spring in the Bohai Sea. Process analysis of

modeling showed that the distribution patterns of phytoplankton biomass were correlated closely with

hydrodynamic conditions, and the primary productivity in the Bohai Sea was limited by light, temperature

and nutrient in ambient waters. The processes of long-term changes of primary production and its

relationship with anthropic activity in the Bohai Sea are still mysterious to us.

Key words :phytoplankton; chlorophyll; primary productivity; the Bohai Sea
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Table 1 The relative photosynthesis rate and assimilation numbers in survey area
Assimilation number (mgC/(mgChla « h)) Relative photosynthesis rate (mgC/(mgChla * h))
Time A2 A4 Bl El E3 Mean A2 A4 Bl E1l E3 Mean

1998-09 1.473 0.953 0.636 3.057 1.174 1.459 2.209 1.939 1.299 5.580 2.179 2.641
Stations 1999-04 4.649 1.794 0.263 4.310 0.851 2.373 8.135 4.306 0.525 5.747 1.701 4.083
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Fig. 2 The horizontal distribution of chlorophyll a concentration of surface layer in survey area
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2
Table 2 The decades comparison of primary productivity in the Bohai Sea and the other Seas
Area . .. . ..
( ) Primary productivity Primary productivity Source
(mgC/(m? + d)) (mgC/(m? + a))
(1982~1983) 312 114 ro]
the Bohai Sea Mean of a year Fei et al. 19989
(1992~1993) 216 79 Lz
the Bohai Sea Mean of a year Lu et al. 1999112
(1998~1999) 244 89
the Bohai Sea Mean of spring and autumn This study
(1984) 422 154 L8]
the Jiaozhou Bay Guo et al.
178 65 f18]
the East China Sea Guo et al.
the South China Sea 110 40 Lursinsap et al.
(1994~1995) 120~360 [20]
the Taiwan Strait Hong et al.
(1973) 438 160 [18]
the Japanese Seas Guo et al. 18]
the North Sea 100~1000 Raymont!2l!
Temperate Seas 300 110 Menzel et al. 2%
Subtropic Seas 100~200 60 Menzel et al. 2]
Tropic Seas 50~150 Menzel et al. 2]
the Southern Ocean 10~150 Menzel et al. 2?2
the Arctic Ocean 10~20 Mezel et al. 2
(1992~1993) 251 92 [23]
the Prydz Bay Ning et al.
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Table 3 The Pearson correlation coefficient of environmental factors and chlorophyll a concentration in waters of survey

area during autumn cruise 1998 and spring cruise 1999

1998 1999
Autumn cruise 1999 Spring cruise 1999
Pearson t n Pearson t n
Salinity —0.180" " 0. 000 392 — — —
pH pH 0.372**  0.000 381 —0.071 0.118 490
Turbidity 0.121** 0.017 389 0.203** 0.000 493
Dissolved oxygen 0.284** 0.000 386 0.012 0.791 481
Phosphate —0.226" " 0. 000 392 —0.061 0.174 493
Silicate —0.187** 0. 000 392 0. 052 0.246 493
Nitrite 0.127* 0.012 392 0.243** 0.000 493
Nitrate —0.052 0. 306 392 0.373** 0.000 493
Ammonia 0. 084 0.098 392 0.011 0. 810 493
Dissolved organic carbon 0.247**  0.000 273 0.404** 0.000 259
Dissolved organic nitrogen 0.187** 0.000 389 — — —
Dissolved organic phosphate 0.041 0.418 389
Particular carbon 0.514"~ 0. 000 390 0.230** 0.000 493
Particular nitrogen 0.542" " 0. 000 390 0.401** 0.000 259
Particular phosphate 0.382** 0.000 388 0.214** 0.000 489
Suspended particulate matter 0.179** 0. 001 327 0.166** 0.000 493
Pearson Pearson it t sn s Pearson is the Pearson’s correlation

* %

coefficient ;¢ is paired-samples ¢ test;n is number of the samples or cases; —is absent of the data
0.01," 0.05, * *Correlation is significant at the 0. 01 level, * Correlation is

significant at the 0. 01 level,the others is no obvious correlated
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