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Abstract. The Yellow Sea, bounded by Korea and China, appears to be influenced by the
eutrophication and high fishing pressure in the recent decades. Therefore, it is chosen to
test the Walsh et al. (1981)’s hypothesis that the increased marine organic carbon flux to
the marginal basin sediments accounts a major fraction of the anthropogenic CO, taken
up by the ocean in recent decades. A preliminary estimation of nitrogen budget in the
Yellow Sea, however, does not support the Walsh et al.’s hypothesis: despite the in-
creased riverine flux of nitrogen due to human activities, land-derived N contributes less
than 1% of biologically fixed carbon. If the change of the C fixation rate does occur, it is
more likely to be associated with the oceanic N input not with the anthropogenic N input
into the Yellow Sea.

1. Introduction

Recent works demonstrate that considerable changes in phytoplankton and
zooplankton abundance and composition have taken place during the last 40 years
in the North Atlantic and in the North Sea due to the suggested climate changes
over the northern Hemisphere (Colebrook, 1982; Dickson et al., 1988). In the
coastal waters of Dutch, the ecosystem appears to have been changed due to
climatic change and eutrophication (Gieskes and Kaary, 1977; Radachetal., 1990).

The Yellow Sea, bounded by Korea and China, is believed to be highly
stressed in the recent decades due to the industrialization, population growth and
traditional high fishing pressure. It seems to be strongly influenced by the
artificial ecosystem change. Therefore, we would like to test the Walsh et al.’s
(1981) hypothesis that acceleration of the organic C storage in the coastal
sediments has occurred in response to the combined effects of increased plank-
tonic productivity resulting from large increases in anthropogenic nitrate inputs
from rivers, and from drastic reductions in the efficiency of recycling of plank-
tonic residues due to the overharvesting of organisms in higher trophic levels.
Walsh further hypothesize that this increased flux of marine organic C to
sediments of continental slope is accounting a significant fraction of the an-
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thropogenic CO; taken up by the ocean in recent decades. In terms of human
stress, the Yellow Sea is comparable to the North Sea. However, unlike the North
Sea, the long-term data are not available yet. Therefore, only preliminary
assessment of the human influence on the Yellow Sea carbon cycle is attempted
here.

2. Discussion

2.1 Biogeochemical characteristics of the Yellow Sea

The Yellow Sea rests in a broad, tectonically stable trough which was
submerged by the latest rise in sea level (Fig. 1; Chough, 1983). Water depths are
less than 100 m. The climatic and oceanographic conditions in the Yellow Sea
have been reviewed by Niino and Emery (1961), Lie (1986), Park (1986), and
Youn et al. (1991).

Wind patterns are monsoonal, with wind stress direction toward the north in
summer and south in winter. The general circulation pattern in the Yellow Sea is
characterized by a cyclonic gyre; a northward inflow of the Yellow Sea Warm
Current along the eastern margin of the basin, and southward outflow of the
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Fig. 1. Major rivers around the Yellow Sea.
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Yellow Sea Coastal Current and Jiangsu Coastal Current along the western
margin of the basin (Beardsley et al., 1985; Ren and Shi, 1986).

Suspended particulate matter (SPM) profiles show the higher SPM concen-
trations, 110 mg 1-!, in the near shore areas along the southeastern Korean coast
(Hong, 1991), Shandong and Jiangsu coast (Milliman et al., 1986) than the central
Yellow Sea. The central Yellow Sea exhibits relatively low SPM concentration
(<5 mg I'!) throughout the year (Hong, 1991). A strong tidal front between
nearshore turbid waters and the Yellow Sea Warm Current inhibits seaward
advection of land-derived materials. Therefore, the Yellow Sea may be divided
into three domains: inshore domain where the effect of the adjacent land mass is
most pronounced, tidally induced turbidity front (TTF) domain where the highest
SPM concentrations (often exceed 50 mg 1-1) are maintained due to dissipation of
the strong tidal currents (50100 cm sec!), and the central domain where the
relatively clear water prevails. The depth of euphotic zone exceeds 40 m in the
central domain. It is noted that the SPM distribution pattern is quite similar to the
CZCS chlorophyll images processed by U.S. NASA (Feldman, 1989) which can
not distinguish the plant pigments and suspended sediments.

The major freshwater sources to the Yellow Sea are the Huanghe and the
Changjiang, both of which rank among the world’s major rivers in terms of
freshwater and sediment discharge. The Changjiang discharges about 900
km3yr! of freshwater (Milliman and Meade, 1983) but the bulk of this water is
transported southward through the East China Sea by the Jiangsu Coastal Current
(Beardsley et al., 1985). A number of small-scale rivers in the Korean Peninsula
discharge relatively small amounts of freshwater into the Yellow Sea (Table 1).

2.2 Coastal ocean eutrophication and additional C storage

According to Walsh ez al. (1981), eutrophication of coastal waters with
subsequent increases in primary production and possible shelf export are thought
to be ubiquitous phenomena in the recent decades. Walsh (1984) suggests that
6 x 107 tons N yr! may be released to shelf ecosystems from river discharge,
sewage outfalls, and waste dumping. Such a present nutrient loading would be 10
times the pristine supply before 1850. Unlike particulate matter trapped in
estuarine depocenters, this dissolved N (and P) exits the estuaries to form
phytoplankton blooms with a C/N ratio of about 6 on the shelf. After export of
shelf production to the adjacent slope and selective return of nitrogen to the water
column, a C/N ratio of about 8 is found in the slope sediments off the Atlantic,
Bering, and Peru shelves. Such a sediment C/Nratio and its estimated anthropogenic
nitrogen loading would allow an input of 0.48 x 10° ton C yr~! to slope depocenters,
as a non-steady state response to the increased nutrient availability since the
Industrial revolution (Walsh, 1988).

Walsh et al. (1981) represent that a significant fraction (20%) of the an-
thropogenic CO; taken up by the ocean, so-called “missing carbon sink™, inrecent
decades. Peng and Broecker (1984) challenged the slope sink model because of
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Table 1. Annual river discharge of water, sediments and nutrients to the Yellow Sea.

River Water _ Sediment Nutrients Remarks
(km3) (106 tons) (10° mol)
Hwanghe 49 1048 1
NH, 03 9
NO, 32 9
PO, 0.07 9
Si(OH), 6.5 9
Lia, Luan, Hai 13 7 7
NH, 0.08 9
NO; 0.09 9
PO, 0.02 9
Si(OH), 1.7 9
Aprock 28 1
NH, 0.2 9
NO, L9 9
PO, 0.04 9
Si(OH), 3.7 9
Han 19 2
380 3
NH, 1.4 3
NO, L1 3
PO, 0.2 3
Si(OH), 0.3 3
Kum 7 6 2
NH, 0.07 5
NO, 0.3 5
Yeongsan 1.6 6
NH, 0.01 10
NO, 0.07 10
Changjiang 900 478 1
NH, 6.0 8
NO, 60 8
PO, 1.3 8
Si(OH), 120 8
Entire Chinese NH, 7.1 4
Coast

Remarks: 1. Milliman and Meade (1983); 2. Chough and Kim (1981); 3. Hong
(1988); 4. Chen (1991); 5. Ki and Kim (1987); 6. Korea Ministry of
Construction; 7. Wang and Aubrey (1987); 8. Estimated from the zero salinity
values from Edmond et al. (1985); 9. Riverine nutrient concentration of
Hwangho, Liao, Luan, Hai, and Aprock is assumed to be equal to the
Changjiang; 10. Riverine nutrient concentration of Yeongsan is assumed to be
equal to that of the Kum River which drains the samc agricultural basin.

the constancy in dissolved nutrient and oxygen concentrations in open North
Atlantic thermocline waters measured between 1972 and 1981. Model calcula-
tions of organic matter oxidation rates in several types of marine sediments
(Emerson, 1984) also suggested that the original calculations of Walsh (1984)
overestimated the effective burial of organic matter in continental slope sedi-
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ments as a sink for anthropogenic fossil fuel CO, roughly by a factor of 5. Re-
cently Carpenter (1987) suggested the ideal region to test Walsh’s hypothesis as
(i) it would receive discharges from a major river, (ii) dominant nutrient source
is the river discharge, and (iii) the region is subjected to heavy fishing pressure for
several decades. Carpenter examined Washington continental margin in order to
test Walsh’s hypothesis using river, water column and sediment data from 1966
to 1981. He concludes that man has not affected the cycling of nutrients and
organic C in Washington shelfand slope. The feedbacks between coastal chemical
and biological systems and man’s affects on them as postulated by Walsh have
been detected, so far, only in the New York Bight and off the Peruvian coast.

The Yellow Sea certainly has all the characteristics described by Carpenter.
Coastal areas of the Yellow Sea are heavily populated, thus, should result in the
significant enhancement of the nutrient input to the sea. The evidence for the
increased riverine nutrients fluxes in recent decades is readily seen in the Korean
rivers (Hong, 1988). Also, the Yellow Sea has been subjected to the high fishing
pressure. Therefore, we attempt to assess the human influence on the carbon
uptake in the Yellow Sea.

The surface water in the western part of the mouth of the Yellow Sea is
depleted in nutrients, whereas, the subsurface water is slightly enriched in
nutrients (Hong, 1991). Also, nutrients are extremely depleted in the central part
of the Yellow Sea (Nozaki et al., 1991; Chung et al., 1991). In general, nutrient
level is much lower than other eutrophic waters adjacent to land, such as German
Bight in the North Sea (Radach ef al., 1990).

Three major sources of nutrient input to the Yellow Sea may be: river runoff,
benthic regeneration and intrusion of oceanic water (Kuroshio Water). Data
available on the annual discharge of riverine nutrients in this region is quite
limited. A first-order estimation of nutrient flux was made by assuming that all the
Chinese rivers have the same nutrient concentrations despite the different climate
between the drainage basins of Hwanghe and Changjiang (Table 1). Utilizing the
data in Table 1, a preliminary estimation is made assuming that the river is the
dominant source of nutrients in the Yellow Sea. An annual riverine discharge of
N into the Yellow Sea is 9 x 10° mol N yr 1. Using C/N ratio of average phyto-
plankton composition, these N input can be converted to the C fixation rate of
54 x 109 mol C yr!. Average C fixation rates determined by '“C method are 1.0,
0.3, 0.7 g C m2d! in inshore, TTF and central domains of the Yellow Sea,
respectively, (Hong, 1991; Chung et al., 1991). Surface area of the Yellow and
Bohai Seas is 380 and 77 x 103 km?, respectively (Chen, 1984). The area of
inshore, TTF and the central domains is roughly estimated to be 1, 10 and 89% of
the total surface area of the Yellow and Bohai Seas, respectively. Then the total
primary productivity in the entire Yellow and Bohai Seas are 9696 x 10°
mol C yr!. This estimate should be regarded as a lower limit, since C fixation rate
in the central Yellow Sea is taken from the summer season (July 1991) when the
stratification of the water column is most intense, therefore nutrients are most






