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Abstract: Zhelin bay is one of the most important estuaries for marine culture in Guangdong Province of
China. With the constantly increasing human population and marine culture in the last 10 years. the
ecological environment has significantly changed. Although Phaeocystis blooms had brought tremendous
economic loss and ecological damage in this area in 1997 and 1999, few studies followed and previous
investigation of nutrients are very little. To understand why Phaeocystis blooms frequently hit this area
and how the increased marine culture affects this ecosystem, we investigated the temporal and spatial
distribution of phytoplankton, zooplankton, nutrients, trace element, dissolve oxygen, etc. from May
2000. This paper describe the distribution of nutrients in a 1-year period (05/2000~05/2001).

Zhelin Bay (116°E,23°N) is a land-locked estuary. Its surface area is 68~ 70km?* and mean depth is
4.8m, and its sediments mainly consist of sandy and sand muddy. Tide in this bay is typical semidiurnal
and its mean range is 1. 69m with the maximum of 3. 06~ 3. 33m.

Water samples were collected from eight stations weekly (March to November) or biweekly
(December to February). Sampling was scheduled to cover the period around high tide (41.5h). At each
station, water samples for nutrient analysis were collected from 0. 5m below the surface and 0. 5m above
the bottom and filtered with 0. 45pum cellulose filters immediately. Samples were then kept in a cooler and
transported to the laboratory for further analysis. The dissolved inorganic nitrate, nitrite, ammonium,
phosphate and silicate were analyzed with the SKALAR SAN -+ 4-Channel Seawater segmented flow
nutrient analyzer and SHMADZU UV-2501 PC equipped with routine spectrophometric methods modified
for the analysis of waters of variable salinity. In detail, silicate was analyzed by silico-molybdenum

yellow; phosphate was analyzed by phospho-molybdenum blue; nitrate was analyzed by the copper-
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cadmium reduction; nitrite was analyzed by diazo-azo and sodium hypobromite oxidation for ammonia.
Water temperature and salinity were measured in situ with YSI meter (model 6600). Because Zhelin Bay is
shallow and the water is well-mixed, the data were recorded as the average of samples from surface and
bottom unless otherwise indicated.

The annual water temperature decreased from 23.6 C at the inner bay (station 1) to 22.0C at the
outer bay (station 8). On the contrary, salinity increased from station 1(19.6) to station 8 (29.6).
Temporally, water temperature was high in July (27.8 C) and low in January (16.4 C). Salinity was high
in November (31.9) and low in July (24. 7). which derives from the dilution of monsoon in July.

Nutrients decreased gradually from the inner bay to the outer bay. On average, dissolved inorganic
nitrogen (DIN) was high (35. 3 pmol/L) at station 1 and low (15pmol/L) at station 8. Silicate decreased
gradually from 110. 9umol/L at station 1 to 34.6pmol/L in station 8. Salinity had negative correlations
with silicate (= —0.6; P<C0.0001) and DIN (= —0.51; P <C0.0001), which suggested that the
discharge of freshwater {from Huanggang river diluted the salinity while loaded the nutrients in the inner
bay. However, the highest dissolved phosphate (2. 66pmol/L.) was found at station 3, not at station 1
where is the mouth of Huanggang River. This is due to the high turbidity in the mouth area inhibited the
transformation of phosphate from particulate to dissolved phase. The phosphate — salinity relationship
indicated the non-conservative in Zhelin Bay.

Nutrients also showed significant seasonal changes. The highest DIN (39. 18pmol/L) was in April,
but dropped to 9.93 ~ 14. 14pmol/L. between July and October with the increasing temperature. The
highest phosphate (monthly mean 3.38umol/L,) was in December, and it decreased to the lowest
(monthly mean 0. 72pmol/L) in May. But it started to increase from June and reached to 1. 54pmol/L in
August and 1. 94pmol/L in September. Monthly mean showed the lowest silicate (30. 95pmol/L.) in May,
which probably due to the uptake of silicate by the diatom in the spring blooms. But the increasing influx
of Huanggang River in monsoon increased the silicate sharply. The monthly averages of silicate were
66. 71pmol/L in July and 66.49pmol/L in August. It reached to 71.59pmol/L in December. Generally,
phytoplankton blooms in spring and decreases in summer because of the nutrient depletion. In Zhelin Bay,
however, the nutrients. especially silicon and phosphate, were still high in summer. Coupling with the
high temperature in summer, the abundance of phytoplankton was higher in summer (July ~ August,
ranging from 0.6 to 1.1X 10 ° cells/LL) than that in spring (May~ June. ranging from 4.6 to 5.6 X 10°
cells/L).

Compared with most estuaries in the world, the annual mean of DIN in Zhelin Bay (22. 64pmol/L)
was low, whereas the phosphate (1.95pumol/L) and silicate (59.7pmol/L) were very high. Ratios of
DIN: P, Si: P and Si: DIN in the water column of Zhelin Bay implied the stoichiometric limitation of
41.7% in N, 22.9% in P and 2.4% in Si. This finding suggested that N limitation might be more
prevalent than P and Si in Zhelin Bay, which is different from most other estuaries in China where P and/
or Si limitation were predominant. This finding also indicted that this area was more suitable for the
occurrence of diatom blooms than that of dinoflagellate.

The low diversity (I{=1.9) and evenness (J=0.49) of phytoplankton in Zhelin Bay have already
indicated its changes of community structure brought by the overload of marine culture. Pressures come
from aquaculture will continuously affect the phytoplankton community, which in turn may affect the
biogeochemical cycles of nutrients as well.
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Table 1 Atomic ratios of dissolved inorganic nitrogen (N), phosphorus (P) and silica (Si)

Date( -  Year-month)
2000 2001
5 6 7 8 9 10 11 12 1 2 3 4 )

Average

N:P 2870 10.21 11.58 7.23 3.81 3.92 11.16  7.91 12.57 8.63 23.66 24.49 43.04 11. 61
Si:N 1.20 2.45 5.49 5.97 3.98 5.27 2.23 2.68 2.69 2.52 1.60 1.48 1.10 2.42
Si:P 34.39 24.97 63.53 43.18 15.15 20.70 24.88 21.18 33.7521.72 37.75 36.30 47.36 28.11
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Table 2 Comparison of dissolved inorganic nitrogen, phosphorus and silica in different estuaries
N p Si
, N:P Si: N
Estuaries Date (pmol/L) (pmol/L) (pmol/L) ! Reference
( ) 2000-05~2001-05 25.20 2.14 65.12 11.8 2.58 this paper
2 1999-01~1999-12 85. 64 0.45 — 190. 3 — [21]
d 1997-10 19.15 0.76 8.03 25.2 0.42 [22]
v 1998-05~1998-10 26. 14 0. 82 — 31. 88 — [23]
© 1992-06~1993-04 11. 36 0. 38 — 29.9 — [24]
© 1996-05~1996-11 42. 36 0.9 49. 29 47.1 1.16 [25]
@ 1990-02~1990-08 17.01 0.67 32.75 25.4 1.93 [26]
Tweed 1991-04~1992-02 121.75 1.56 56. 00 78. 04 0. 46 [27]
Forth Estuary 1991-04~1992-02 53.25 1.21 50. 51 44. 01 0. 95 [27]
Tay Estuary 1991-04~1992-02 50 0. 69 38 72.46 0.76 [27]
Kuwait Coast 1994-07~1995-04 29. 21 0. 45 21.02 64.91 0.72 [28]

(D Zhelin Bay (inner Bay) ; @ Dalian Bay;@®) Jiaozhou Bay; (1) Bohai Bay; &) Tongan Bay; ©) Zhoushan Bay; (7) Sanmen

Bay
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