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Abstract Biomarkers including brassicasterol, dinosterol and alkenone in sediments are used as indicators to reconstruct changes
to the phytoplankton community in surface and sub-aerial sediments of Prydz Bay, Antarctica. The results indicate that the bio-
marker records in surface and core sediment samples changed with time and space. The total content of phytoplankton biomarkers
ranges from 391.0—1 470.6 ng-g™*. The phytoplankton biomass has increased in Prydz Bay over the past 100 years. This variation
may be mainly related with climate change in the region. The total biomarker contents in surface sediments from 5 stations in
Prydz Bay are in the range of 215.8—1 294.3 ng-g”>. The phytoplankton biomass in Prydz Bay is higher than that outside of the
bay. Thisis similar to the distributions of chlorophyll a, organic carbon and biogenic silica in surface waters determined through in
situ investigation. Such consistency indicates a coupling between the bottom of the ocean and biogeochemical processes in the
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upper water.
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0 Introduction

The base of the food chain in the Southern Ocean com-
prises phytoplankton, primarily diatoms, followed by
dinoflagellates. Phytoplankton transform atmospheric CO,
into organic carbon (OC) and “pump” the carbon into the
deep ocean through direct and indirect means. This process
regulates the atmospheric CO, concentration and the global
carbon cycle™™. Thus, the biological production of phyto-
plankton is closely related to the absorption of atmospheric
CO,. During austral summers, phytoplankton play a domi-
nant role in absorbing atmospheric CO,, thereby forming a
strong CO, sink in the polar ocean'”. However, the special
geographic and climatic conditions in the Antarctic make
large-scale and longstanding vessel surveys difficult to de-
velop and undertake. Therefore, the Southern Ocean is
lacking in data-intensive study of this kind in comparison
with other oceans.

* Corresponding author (email: zhangsoa@163.com)

Previous studies on the biological production of ma-
rine phytoplankton and community structures have mostly
adopted conventional means of measurement which cannot
reflect the changes of the past. Currently, multi-parameter
biomarker methods are being more widely used in the re-
construction of phytoplankton biomass and community
structure. Some lipid biomarkers with specia indication
significance (such as phytoplankton markers) are highly sta-
ble and can be characterized with higher specificity than
more generally used biogenic silica (BSi) and carbonate.
There are a number of studies, both internationally’®” and
domestically®®, which successfully demonstrate the res-
toration of marine phytoplankton community structures
from the record in sediment.

This paper selects three specific phytoplankton mark-
ers, including brassicasterol, dinosterol, and alkenones, to
mark the biomass of diatoms, dinoflagellates and cocco-
lithophores, respectively, to demonstrate changes in the
phytoplankton community structures. In combination with
in situ survey data, this study adds to the current under-
standing of the spatial and temporal changes to the phyto-
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plankton community in the Southern Ocean.
1 Method

1.1 Sample collection

Sediment cores were collected at five stations in Prydz Bay
during the twenty first Chinese National Antarctic Research
Expedition (21st CHINARE, 30 January—2 February 2005)
(Figure 1). Prydz Bay, located in the Indian Ocean sector of
the Southern Ocean, is the 3rd largest bay along the Antarc-
tic coast and is categorized as a marginal ice zone. As can
be seen from Figure 1, the internal zone of Prydz Bay is
south of 67°S, with water depths ranging from 400—600 m;
whereas north of 66°S is a deep-water area, with water
depths >3 000 m.

Sample collection a Site III-12 involved using
multi-tube, disturbance-free samplers (core II1-12 is 18 cm
long), while at the other sites gravity columns were adopted
for sample collection. Sample separation was carried out in
situ, with intervals of 1 cm within 10 cm, and 2 cm below
10 cm. Freezing preservation was used for transportation of
the samples back to the laboratory. In addition to organic
experimental analysis of core III-12, experimental analysis
was also conducted on the uppermost (0—1 cm) sediment
of other core samples.
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Figure 1 Bathymetric map of sediment sampling stations in the
Southern Ocean of East Antarctica. Note the position of Zhong-
shan Station (arrows denote the schematic surface water current in
this region).

1.2 Biomarker content analysis

1.2.1 Samplepreparation

After freeze-drying and fine-grinding of the samples, mixed
solvent of methylene chloride and methanol (with volume
ratio at 3:1) is added, as well as 20 pL of internal standard
isotriacontane (r-Csg) and nonadecyl acohol (CygHz9OH).
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Then, from Soxhlet extraction (the temperature of extract
water was kept at 62°C and backflow speed at 4—5 times
per hour), the extractable organic matter can be obtained.
Activated copper is added to this matter before being placed
overnight for desulfurization. The extraction liquid, after
being concentrated through rotary evaporation, and by ad-
dition of a methanol solution containing 6% KOH, has
acidic components removed by akaline water. After cen-
trifugal separation, hexane is used for extracting (four
times). The supernatant, after being concentrated through
rotary evaporation, is dried by nitrogen. Then, hexane is
used for chromatography and collection of alkane compo-
nents, and methylene chloride is used for eluting and col-
lection of alcohol and ketene components. The above two
components are then dried by nitrogen and transferred
separately into a 1 mL graduated tube, with alkanes thereof
for gas chromatograph (GC) analysis directly. Alcohol and
ketene components are transformed into trimethylsilyl ether
derivatives (TMS-ether) by adding methylene chloride and
N,O-Bis (trimethylsilyl) trifluoroacetamide (BSTFA) before
GC analysis.

1.2.2 Instrument conditions

Alcohol and ketene: gas chromatography (HP5890); fused
silica capillary column (DB-5, 30 mX0.25 mm); tempera-
ture rising program: with initial temperature at 80°C and
heating rate of 25°C-min™ up to 200°C, then 4°C-min™* up to
250°C, 1.8°C-min™* up to 300°C, and 5°C-min™ up to 310°C,
which is maintained for 5 min. Carrier gas. hydrogen, with
flow rate of 1.2 mL-min™’. The content of each component
is calculated based on the ratio of peak area to internal
standard area.

1.3 Other determinations

The ?°Pb dating method is used for dating sediment core
samples and can be used to caculate sedimentation
rated®™ |n this study an infrared carbon-sulfur analyzer
(HCS-140G) was used to determine the amount of OC in
the sediments. Standard samples were used as a reference
during the measurement process, with parallel samples as
controls with a standard deviation < 1%. The Na,CO; ex-
traction method was applied for the determination of BSi in
sediments™¥. The concentration of chlorophyll a (Chl a)
was determined by the extraction fluorescence method!*®.
First 250 mL seawater sample was filtered by Whatman
GF/F membrane (@ 25 mm), which was then extracted by
acetone for 18 h at -20°C. The extracting solution was de-
termined using a Tuner Designs fluorometer (Model 10).

2 Resaults

2.1 Biomarker content in sediments

The total content of the three biomarkers in core III-12
(brassicasterol, dinosterol, and alkenones) varies from
391.0—1 470.6 ng-g* (Table 1). Over the past ~100 years
the content of single phytoplankton markers-brassicasterol,
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dinosterol and alkenones-varies from 261.2—1 113.2 ng-g*,
101.6—352.9 ng-g* and 13.7—515 ng-g’, respectively.
This shows that in phytoplankton community, diatom
biomass indicated by brassicasterol was the highest. The
vertical changes in the content of single phytoplankton
markers in core III-12 indicates significant change in the
community structure, which is mainly reflected by changes
in the relative content of diatoms or dinoflagellates. The

relative content of diatoms is assessed to be in the range
60.9%—86.5%, dinoflagellates in the range 10.8%—36.4%
and the content of coccolithophores in the range 1.5%—
4.1%. The ratio of brassicasterol and dinosterol (dia-
tom/dinoflagellate) fluctuates between 1.7 and 8.1, indicat-
ing that significant changes in the environment occurred in
Prydz Bay.

Tablel Relative percentage of biomarkersindicative of diatoms, dinoflagellates and coccolithophoresin core I11-12

11-12 Total biomarkers Brassicasterol Dinosterol Alkenones Diatom Dinoflagellate  Coccolithophore  Brassicasterol/
Depth/cm Ing-g* Ing-g* Ing-g* Ing-g* 1% 1% 1% Dinosterol
surface 11004 904.5 179.4 16.5 822 16.3 15 5.0
0.5~1 1072.2 757.0 290.6 24.7 70.6 27.1 23 2.6
1~2 1295.0 1113.2 137.4 216 86.5 10.8 2.7 8.1
2~3 1470.6 1 066.2 352.9 515 72.5 24.0 35 3.0
3~4 1010.2 667.7 303.1 394 66.1 30.0 3.9 2.2
4~5 12233 993.3 195.7 34.3 812 16.0 28 51
5~6 918.1 762.9 125.8 294 83.1 13.7 3.2 6.1
6~7 590.2 450.3 115.7 24.2 76.3 19.6 41 3.9
7-8 641.8 501.2 116.8 23.7 78.1 18.2 3.7 4.3
8~9 790.4 490.0 279.8 20.6 62.0 35.4 2.6 18
9~10 861.3 733.0 101.6 26.7 85.1 11.8 31 7.2
10~12 649.0 395.2 236.3 175 60.9 36.4 2.7 17
12~14 391.0 261.2 116.1 13.7 66.8 29.7 35 2.2
14~16 602.5 448.9 129.5 24.1 74.5 215 4.0 35
16~18 543.7 383.3 140.3 20.1 70.5 25.8 3.7 2.7

The total content of biomarkers in surface sediments
from Prydz Bay varies from 215.8—1 294.3 ng-g™ (Table
2). The content of diatoms in brassicasterol varies from
69.2%—80.0% (75.7% average), while the content of
dinoflagellates in dinosterol varies from 17.9%—26.5%
(21.7% average). The content of coccolithophore in al-
kenones varies from 1.9%—4.3% (2.6% average). All five

sampling stations are dominated by diatoms and dinoflag-

ellates. The ratio of brassicasterol to dinosterol in Prydz
Bay is higher than that in the north (0.7 on average) and
south (0.8 on average) of the East China Sed®. In the
Southern Ocean, diatoms are dominant in the population of
high productivity in the circumpolar coastal waters*® and
the Polar Front area*”). Diatom blooms, which account for
75% of the primary productivity in the Antarctic, represent
alarge portion of export productivity in the region!*®?.

Table2 Relative percentage of biomarkers indicative of diatoms, dinoflagellates and coccolithophores in surface sediments

Station Total biomarkers Brassicasterol Dinosterol Alkenone Diatom Dinoflagellates  Coccolithophore  Brassicasterol/
Ing-g* Ing-g* Ing-g* Ing-g* 1% 1% 1% Dinosterol

1S4 563.3 420.2 1324 10.7 74.6 235 1.9 3.2
1S-11 257.0 201.2 50.1 5.6 78.3 195 2.2 4.0
11-9 215.8 149.3 57.2 9.3 69.2 26.5 4.3 2.6
11-12 12943 10354 2317 27.2 80.0 17.9 2.1 4.7
111-13 976.6 745.1 205.1 26.4 76.3 210 2.7 35
Average 661.4 510.2 135.3 15.8 75.7 21.7 2.6 3.6

Note: The relative percentage of diatom, dinoflagellates and coccolithophore were calculated by brassicasterol, dinosterol and alkenone divided by total biomarkers,

respectively.

2.2 Vertical distribution of ?°Pb and sedimentation

rate

The radioactivity of ?°Pb decreases as the sediment depth

increases in core 11I-12 (Figure 2). Such a trend reflects a
centennial-scale sedimentation rate in this core. The sedi-
mentation rate of core I1I-12 from Prydz Bay was calcu-
lated by the least squares method. As shown in Figure 2,
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there are two sections of decay throughout core II1-12. The
upper section of decay is from 0—7 cm with a sedimenta-
tion rate of 1.29 mm-a®. The amount of “°Pb increases
dightly between 7 and 12 cm, indicating some mixing. The
lower section of decay, from 10—15 cm, has a sedimenta-
tion rate of 1.10 mm-a™. The amount of “°Pb below 15 cm
decreases and eventually reaches background values. The
sedimentation span of core III-12 is calculated to be about
100 a based on the dating of core samples from different
depths, and the surface layer sampling completed in 2005.
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Figure 2 Distribution of #°Pb in core III-12 (note: X-axis is
depth along core). The solid symbols (@) represent the specific
radioactivity of 2°Pb and the open symbols (0) represent the ex-
cess specific radioactivity of 2°Pb (unit of decay is disintegrations
per min per gram).

3 Discussion

3.1 Changes of phytoplankton biomass

The phytoplankton biomass estimated by biomarkers in the
last ~100 years shows a generally upward trend (Figure 3),
most likely as a result of regional climatic change. For ex-
ample, the air temperature in the Antarctic has risen by
nearly 0.6°C in the latest 40 years, athough differences
exist for different regions. This is mainly because of the
enlargement of oceanic areas of the Antarctic and the num-
ber of independent subsystems with varied functions.

The warming trend that appears in modern Antarctic
areas occurs mainly in the Antarctic Peninsula region. In
contrast, temperatures in the East Antarctic as well as that
in the Prydz Bay region appear to have decreased®. For
example, there are studies indicating that temperatures near
the Zhongshan Station of Prydz Bay tend to fall in spring
and winter, while they rise in autumn and summer!?!. Be-
cause Prydz Bay is located marginally to the cold and
high-pressure climate of the Antarctic continent, it is com-
monly affected by warm and humid air flow from the north
and cold air from the continental interior. This results in
frequent abnormal climatic conditions, with temperatures
having decreased by 0.066°C-a” in the last 10 years®?. The
above indicates that there is no significant warming trend in
the area of Zhongshan Station but there are complex annual
temperature changes. Therefore, further studies of changes
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in marine productivity and correspondence to climatic
changes on an inter-annual scale are needed.
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Figure 3 Changes in phytoplankton biomarker abundance in
core III-12.

The maximum content of total biomarkers in core
II-12 occurs a 2—3 cm , as well as that of brassicasteral,
dinosterol and alkenones (Figure 3, Table 1). Based on the
94 dating result, the 2—3 cm depth corresponds to depo-
sition during the 1980s. During this decade there were two
well-documented occurrences of the ElI Nifio phenome-
non®. This includes an event that |asted from 1982—1983
and another from 1986—1988. Similar, sudden warming
phenomena occurred from 1972—1973%, a time that cor-
responds to the 4—5 cm depth of the core. At this depth,
biomarker contents in the sediments reach their higher
value. However, striking cooling events occurred during
periods that correspond to depths of 3—4 cm and 6—7 cm
(1973—1976 and 1954—1957, respectively)®!. At these
depths the biomarkers in the sediments are at their mini-
mum value. Occurrences of both warming and cooling
events may have affected the Prydz Bay area of Antarctica,
as demonstrated by the record of changes to the biomarker
content of sediments from the upper ocean in the Prydz Bay
area.

3.2 Changein biomarkersat different stations

Thetotal content of phytoplankton biomarkers was found to
be at its maximum at station III-12 (1 294.3 ng-g™), fol-
lowed by station III-13 (Figure 4); while the minimum
value, 215.8 ng-g*, occurred at station 11-9 (Figure 4). The
OC contents of the surface sediment at station II1-12 and
[1I-13 reach values of 1.05% and 0.99%, respectively, with
BSi contents of 85.41% and 68.20%, respectively. The Chl
a content in the surface seawater reaches vaues of
5.22 pgL™* and 5.05 pg-L™, respectively. Significant posi-
tive correlation exists among the above parameters, indi-
cating that the content of organic matter in sediments is
closely associated with changes of primary productivity in
the upper water column. The phytoplankton community of
Prydz Bay is dominated by large cells and chain-like dia-
toms. The growth rate of phytoplankton is strongly related
to the type of environment, as is evident from the densest
area of phytoplankton growth, which is located within
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Prydz Bay south of 67°S?4. Within this central region of
Prydz Bay, the upper water column is relatively stable, and
thus favorable for reproduction within the phytoplankton
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Figure4 Distributions of biomarkers, OC and BSi in surface sediments and Chl a in the surface water of Prydz Bay.

The total content of biomarkers and OC in surface
sediments at Station 1S-4 and 1S-11 are 563.3 ng:g™* and
257.0 ng-g’, and 0.53% and 0.27%, respectively, with
comparatively high content of Chl a. However, because
these two stations are adjacent to the ice shelf and conti-
nental margin, the period of open waters formation is short
and the ice coverage rate is relatively high®. As a result,
the production period is short, with low productivity output.
At station II-9 (located on the Fram Bank), the content of
biomarkers, OC, BSi, and Chl a are comparatively low.
Water depth at this station is shallow, with the continental
shelf of Prydz Bay forming the ocean bottom in the south,
while north of 66°S is the continental slope. Importantly,
the continental slope is located near the boundary of Ant-
arctic Divergence, where a marked salinity boundary occurs
in the Southern Ocean. Owing to the impact of perennial

westerly wind drifts and the storm effect of the westerlies,
the upper water column mixes intensely here. Such poor
vertical stability of the water column is unfavorable for
phytoplankton production.

4 Conclusions

(1) This study has focused on the phytoplankton community
structures in the Prydz Bay region of East Antarctica. Using
brassicasterol, dinosterol and alkenones as biomarkers to
reconstruct phytoplankton biomass, it has been shown that
in the past ~100 years, the total amount of phytoplankton
markers varied from 391.0—1 470.6 ng:g*. The phyto-
plankton biomass in the study area has thus increased dur-
ing this time, most likely as a result of climatic changesin
the Prydz Bay region. The biomarkers in sediments also
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reflect recorded changes in productivity in the upper water
column.

(2) The total content of biomarkers, OC and BSi in
surface sediments from Prydz Bay is closely related to the
Chl a content and primary productivity in the upper water
column. Maximum values occur in the central region of
circulation in Prydz Bay, which indicates that the content of
phytoplankton markers buried in the sediments is consistent
with the diatom community. The seafloor sediment record
thus corresponds to processes in the upper water column,
indicating that phytoplankton markers in sediments of
Prydz Bay are sensitive indicators of the phytoplankton
biomass within the upper water column.

Acknowledgements We greatly appreciate the help from al crews of the RIV
XUE LONG icebreaker during the cruises. This work was supported by the
National Nature Science Foundation of China under contract (Grant nos.
40876104, 41006118 and 41076134). Samples information and data were is-
sued by the Resource-sharing Platform of Polar Samples (http:/birds.chinare.
org.cn) maintained by PRIC and Chinese National Antarctic & Arctic Data
Center.

References

1 Archer D, Winguth A, Lea D, et a. What caused the glacia/interglacia
atmospheric pCO; cycles? Rev Geophys, 2000, 38: 159-189.

2 Von Brockel K. The importance of nanoplankton within the pelagic Ant-
arctic ecosystem. Kieler Meeresforschungen, Sonderh, 1981, 5: 61-67.

3 Cailliau C, Claustre H, Giannino S. Chemotaxonomic analysis of phyto-
plankton distribution in the Indian sector of the Southern Ocean during
late austral summer. OceanologicaActa, 1997, 20(5): 721-732.

4 Gao ZY, ChenL Q, Wang W Q. Global change and carbon cycle in the
polar ocean. Earth Science Frontiers, 2002, 9(2): 263-269 (in Chinese).

5 Higginson M J, Altabet M A. Initial test of the silicic acid leakage hy-
pothesis using sedimentary biomarkers. Geophys Res Lett, 2004,
31(L18303), doi: 10.1029/2004GL 020511.

6 WerneJP Hollander D J, Lyons T W, et a. Climate-induced variationsin
productivity and planktonic ecosystem structure from the Younger Dryas
to Holocene in the Cariaco Basin, Venezuela. Paleoceanography, 2000,
15(1): 19-29.

7 ShiauL J YuPS We K Y, et a. Sea surface temperature, productivity,
and terrestrial flux variations of the southeastern South China Sea over the
past 800000 years(IMAGESMD972142). Terrestrial, Atmospheric and
Oceanic Sciences, 2008, 19(4): 363-376.

8 DinglL, Xing L, Zhao M X, et a. Phytoplankton biomarker ratios in sus-
pended particles from the continental shelf of the East China Sea and their
implications in community structure reconstruction. Periodical of Ocean
University of China, 2007, 37(S2): 143-148 (in Chinese).

9 Zhang H L, Xing L, Zhao M X, et al. Distribution of biomarkersin sur-
face sediments of the East China and Yellow Seas and its potential for pa-

December(2012) Vol. 23 No. 4

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

leoecology reconstruction. Periodical of Ocean University of China, 2008,
38(6): 992-996 (in Chinese).

Zhao M X, Zhang R P, Xing L, et a. The changes of phytoplanktonic
productivity and community structure in the Japan Sea since the Last Gla
cial Maximum. Periodical of Ocean University of China, 2009, 39(5):
1093-1099 (in Chinese).

Bai Y C, Chen JF, Li H L, et . The distribution of lipids biomarkersin
the surface sediments of the Chukchi Sea and their implications. Acta
Oceanologica Sinica, 2010, 32(2): 106-117 (in Chinese).

Zou H'Y, Yu X G Determination of °Pb in marine sediments and its ap-
plication in geochronology. Acta Oceanologica Sinica, 1984, 6(6):
793-802 (in Chinese).

SuX Z, MaW T, Xu SL, et a. Geochronology of *°Pb in marine sedi-
ments. Taiwan Strait, 1984, 3(1): 50-58 (in Chinese).

Mortlock R A, Froelch P N. A simple method for the rapid determination
of biogenic opal in pelagic marine sediments. Deep-Sea Research, 1989,
36(9): 1415-1426.

State Technical Supervise Bureau, People’s Republic of China
GB17378.7-2007. The specification for marine monitoring. Beijing: Stan-
dards Press of China, 2008 (in Chinese).

Wilson D L, Smith W O Jr, Nelson D M. Phytoplankton bloom dynamics
of the western Ross Sea ice edge-l. Primary productivity and spe-
cies-specific production. Deep-Sea Research Part A, 1986, 33(10):
1375-1387.

Bathrnann U V, Scharek R, Klaas C, et a. Spring development of phyto-
plankton biomass and compoasition in major water masses of the Atlantic
sector of the Southern Ocean. Deep-Sea Research 11, 1997, 44(1-2):
51-67.

Nelson D M, Treguer P, Brzezinski M A, et a. Production and dissolution
of biogenic silicain the ocean: Revised global estimates, comparison with
regional data and relationship to biogenic sedimentation. Globa Biogeo-
chem Cycles, 1995, 9(3): 359-372.

Honjo S. Paricle fluxes and modem sedimentation in the polar
oceans//Smith W O Jr. Polar Oceanography. Part B: Chemistry, Biology
and Geology. New York: Academic Press, 1990: 687-739.

Lu L H. Polar meteorological expedition and research on global change.
Journal of Shandong Meteorology, 2007, 27(3): 1-5 (in Chinese).

BianL G MaY F, LuC G, et a. Temperature variations at the Great Wall
station (1985-2008) and Zhongshan station (1989-2008), Antarctic. Chi-
nese J Polar Res, 2010, 22(1): 1-9 (in Chinese).

Wang X, Bian L G Lu L H, et a. The characteristics of temperature
change over Prydz Bay in recent 10 years. Chinese J Polar Res, 2002,
14(3): 195-202 (in Chinese).

XuW C, Wang W, MaJS, et al. ENSO events during 1951-2007 and their
characteristic indices. J Natu Disast, 2009, 18(4): 18-24 (in Chinese).

Sun J, LiuD Y, Ning X R, et a. Phytoplankton in the Prydz Bay and the
adjacent Indian sector of the Southern Ocean during the austral summer
2001/2002. Oceanologia et Limnologia Sinica, 2003, 34(5): 519-532 (in
Chinese).

Dong Z Q, Neville S, Knowles K, et a. Water mass and circulation during
the austral summer in PrydzBay, Antarctical/Proceedings of the Antarctic
investigation, I1. Beijing: Ocean Press, 1984: 1-24 (in Chinese).



