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Abstract: The Bohai Sea is a marginal sea with an area of approximately 77 000 km?®. It has restricted
water-exchange, being enclosed by the Liaodong and Shandong peninsulas and connected to the Huanghai
(Yellow Sea) by the Bohai Strait. In recent years the Bohai Sea has been subject to intensive offshore
exploration for, and production of, natural gas and petroleum reserves. It is considered to be highly
polluted and the state of the environment in the area is of great concern to the Chinese government and
agencies. According to SEPA (the Chinese State Environmental Protection Administration) data excessive
amounts of waste water (including industrial effluent) and untreated sewage, and overfishing have
severely depleted marine resources in the Bohai Sea. As a result of these factors red tides have become a
frequent occurrence. Although considerable effort is invested in measurement and monitoring
environmental variables, most published studies deal with physical and geological aspects of the area, and
published information about the ecology of the Bohai Sea is limited. Ecological studies of the biota
inhabiting sediments in the Bohai sea have examined the composition of macrofauna and freeliving marine
nematodes. Other studies, mainly taxonomic works, have also dealt with meiofaunal taxa. Meiofauna are

considered to be energetically important in benthic food webs, and play a role in the recycling of nutrients,
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both directly and also indirectly, for example bacterial colonies on sand grains may be maintained in an
active growth phase as a result of grazing by bacterivorous nematodes. Meiofauna have been shown to be
useful as potential indicators of anthropogenic perturbation in aquatic ecosystems.

Studies on the ecosystem in the Bohai Sea are important for protecting fisheries resource and
aquaculture. A national and international oceanographic and ecosystem study of the Bohai Sea has been
launched which includes sampling for benthos, including meiofauna, from a large-scale grid of stations.
This paper studies relationships between benthic environmental factors and patterns in abundance and
distribution of major meiofaunal taxa in the Bohai Sea.

Samples were collected from three cruises in June 1997, A grid of 22 stations, giving a broad
geographic coverage of the Bohai Sea and Bohai Strait was selected. Five of these stations were sampled in
June 1997. 20 stations (of which 18 were the same) were sampled on cruises durng September/October
1998 and April/May 1999. Undisturbed sediments were brought on deck using a modified 0. 1 m? Gray-
O’Hara box-corer, and subsamples were taken using a sawn-off syringe to a depth of 50mm. taking care to
avoid core compression in the process, and fixed in formalin.

In the laboratory samples were washed on a 0. 048mm sieve to remove formalin and most of the finer
sediment fraction. Meiofauna was then extracted using Ludox by centrifugation or by flotation. Each
sample was washed into a lined petri dish and meiofaunal organisms other than nematodes were picked out
and counted under a binocular microscope.

Analyses of a range of measures, including the percentage content of gravel. sand. silt and clay,
median particle diameter (Md®), quartile deviation (QD®) and quartile skewness (SK®), were used to
indicate variation in sedimentary grain size and the distribution of sediment type. The sediments at stations
in Lai Zhou Bay were silty clay or clayey silt, and at stations in middle and eastern parts of the Bohai Sea,
and in the Bohai strait, were coarse silt or fine sand. Analyses showed that many sediment measures were
highly intercorrelated within years, and that consistent patterns of variation existed between years. There
were, however, some clear changes in the contents of clay and sand between the later two cruises,
especially in Laizhou Bay, the middle east part and the Bohai strait.

The abundance of meiofauna and nematodes varied greatly. The average numbers of meiofauna were
227441039 ind. /10cm?in 1997, 8694509 ind. /10cm® in 1998 and 6324399 ind. /10cm® in 1999. Highest
values were recorded in summer (July 1997). Major groups of meiofauna identified in samples included
nematodes, copepods, polychaets, bivalve larvae, kinorhynchs, ostracods, ophiuroides., halacaroideas,
gastrotrichs, turbellarians, oligochaets, tanaids, and cumaceans. Nematodes were the numerically
dominant group in meiofauna, followed by copepods. Bivalve larvae were the third most abundant group in
1998, and polychaetes in 1999. Highest numbers of meiofauna were generally found at stations in the
Bohai strait and the middle part of the Bohai Sea, although the highest abundance of nematodes was at
station B1 in 1999.

Intercorrelations between the numbers of meiofauna, nematodes, copepods and environmental factors
were analyzed. The correlation between water depth and meiofaunal abundance was highly significant.
The sedimentary composition also influenced abundance. Relationships between other environmental
factors and abundances were not significant.
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Table 1 Change in the abundance of meifauna from different sampling time
1997 6 (n=5) 1998 9~10 (=20 1999 4~5 (n=20)
June 1997 September/October 1998 April/May 1999
+ + +
Group ( ) ( ) Average+ ( ) ( ) Average+ ( ) ( ) Average+
The highest The lowest  sample  The highest The lowest  sample The highest The lowest sample
(Station) ~ (Station)  standard ~ (Station)  (Station)  standard  (Station) (Station) standard
deviation deviation deviation
Meiofauna %Bé:f'j 1054\=BH422744+1039 2;]2] ii? 869+509 ];?5 ]DQZ] 6324399
0 0 0
1 1 220 262 2
Copepoda I:?57 B? 7455 A4 ISZ 6657 A64 D2 p1E61
2 . . . (ind. /10cm?)
Table 2 The numbers of nematodes, copepods, kinorhycha and bivalve et al in the Bohai Sea
Group Al A2 A4 Bl B2 C4 D2 D3 D4 D5 EI E2 E3 E4 E5 Gl G2 G3 G4 G5
1998-08-10
Nematoda 680 1989 1462 459 321 1422 468 457 982 1327 973 234 748 514 663 719 641 110 380 602
Copepoda 52 65 220 16 31 84 6 41 47 178 27 25 18 52 39 68 20 94 95 146
Polychaeta 5 17 18 2 3 14 19 25 14 13 9 14 5 9 9 24 2 3 20 3
Bivalvia 19 31 34 2 5 19 11 5 11 25 2 19 7 14 110 74 3 7 31 3
Kinorhvncha 0 1 2 0 2 3 0 0 6 2 3 3 2 3 3 13 3 1 1 12
Ostracoda 0 0 2 0 2 0 0 0 0 0 2 0 0 2 0 0 0 3 0 1
Ophiuroides 0 0 0 0 0 5 0 0 0 3 0 5 0 0 0 2 0 1 1 0
Halacaroidae 0 0 1 0 2 2 0 0 0 0 0 2 0 0 2 0 0 0 2 0
Turbellaria 2 0 0 0 0 0 0 0 0 5 0 0 1 0 0 0 0 0 2 0
Turbellaria 0 0 0 0o 2 0 2 0 0 O o o o 2 2 0 0 3 5 1
Others 3 7 12 3 2 13 0 6 3 5 1 13 7 6 14 8 2 14 4 1
1999-04~05
Nematoda 355 820 1049 1464481 415 107 157 829 829 440 578 126 339 795 656 273 597 251 594
Copepoda 20 11 262 91 50 34 2 3 45 152 51 33 3 15 65 68 24 8 8 68
Polychaeta 0 6 16 22 16 13 9 3 6 6 3 3 3 19 3 25 0 6 0 13
Bivalvia 3 0 41 0 0 0 0 0 16 16 0 3 0 0 0 13 0 0 0 0
Kinorhvncha 0 6 6 0 0 0 0 0 0 0 3 6 0 0 0 9 0 6 3 13
Ostracoda 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ophiuroides 0 0 3 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 0
Halacaroidae 0 0 3 0 0 0 0 0 0 o0 o o0 o0 o 0 O 0 O 0 O
Turbellaria 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 3 0 0 0 0
Turbellaria 3 6 13 9 6 0 0 0 6 0 3 9 0 3 0 9 3 3 0 0
Oligochaeta 0 0 6 0 0 0 0 0 3 0 0 0 9 0 0 0 6
Tanaidacea 0 0 6 0 0 0O 0 O 0 3 0 o 0 0 0 o0
Cumacean 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0
Others 0 0 0 6 0 3 0 0 3 0 3 0 0 0 0 0 0 0 0 3
2.4
1997 13 , 1998 s 11 1999
14 .3 14 .3 N N N N N
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Table 3 Percentage of numbers of nematode or copepod in meinfauna in the Bohai Sea
1997 6 (n=5) 1998  9~10 (»n=20) 1999  4~5  (n=20)
June 1997 September/October 1998 April/May 1999
+ + +

Group ( ) ( ) Average+ ( ) ( ) Average+ ( ) ( ) Average+
The highest The lowest  sample  The highest The lowest  sample  The highest The lowest sample
(Station)  (Station)  standard  (Station)  (Station)  standard  (Station) (Station) standard

deviation deviation deviation
98.3 85.1 95.7 46. 1 96. 5 74.5
93.3+5.3 84.94+11.6 89.7+5.6
Nematoda Bl BH4 ? El G3 A2 Ad 7
9.8 0.7 39.9 0.2 18.6 0.3
4.1843.6 8.8+8.6 6.5+4.6
Copepoda BH4 B1 - G3 D2 - Ad G3 o
1998 1999
82.5%~99.1% 89.6%~99.2%, o
3 , 1998 s 3 31999
9 b 3 o
g0 b ’ 2 9’
1997 Bl 98.3% 3
1998 G3 ,  39.9%,
2.5
b N N N N A
Br=227, 1998 1999 .
N N 4
R (n=140), Table 4 Relative analysis between the abundance of
1998 meiofauna and environmental variables
. 1999 i |
Vlro?menta Meiofauna Nematoda Copepoda
as as variables
(n=20), 4. ® 0.316" 0. 245 0.489"°
4 s e —0.224 —0.155 —0.431* "
0 D —0.319" —0.278 —0.353"
N 9
® —0.355" —0.296 —0.452* "
° ® 0.536" " 0.479" 0.667" "
’ © —0. 048 —0.013 —0.213
0, @ —0. 289 —0. 288 —0.186
® —0.227 —0. 254 —0.03
’ ’ ’ 9 —0.176 —0.180  —0.086
; ’ ~a® 0.139 0.158 0. 036
N ** P<0.05,* P<<0.01, Sand @ Silt @ Clay @
. Median particle diameter ¢ () Depth  © Oil (@) Water
? — -
content (8) Organic matter content (9a Phaeopigments
’ 10Chlorophyll a
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