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Seasonal Variations of the Planktonic Foraminiferal Flux in the Cen-

tral South China Sea and Its Paleoceanographic Significance”

Chen Ronghua Zheng Yulong Jin Haiyan

Key Loburatory of Submarine Geosciences of State Oceanic Administration, Hongehou 310012, China

Martin (G Wiesner
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Chen lianfang Zheng Lianfu

Key Laboratory of Submarine Geosciences of State QOveanic Admamistratron, Hangzhou 310012, Ching

Cheng Xinrong

Laboratory of Marine Gealogy of MOE, Tongn Universiiy, Shanghar 200092, China

Abstraet Samples from the shallow and deep time-series sediment traps during 1993 ~ 1995 in the central
South China Sea are analyzed for planktonic faraminiferal fluxes and stable-isotopic compositions are analyzed
based on the samples. In result, the total planktonic forarminiferal fluxes, the fluxes and relative abundances of
Globigerinoides sacculifer, Globigerinoides ruber, Neogloboguadring dutertrer, Gilobigerinita glutmata ex-
hibit 1two prominent peaks which occur in the prevaling periods of the northeast and southwest monscons re-
spectively, while those of Globigerina bulloides, Pulleniutina obliquiloculate and Globorotalia menardii have
only one peak in the prevailing periods of the northeast monsoon. In addition, it is found that the fluxes of
planktonic foraminiferal species exhibit obvious seasonal and annual variations. The observations indicate that
these seasonal and annual variations are mainly controlled hy the changes of surface poimary productivity and hy-
drological conditions related to the East Asia monsoon, The 8 183 values of G . ruber exhihir ohvious seasonal
and annual variations which correspond to the sea surface temperature in the central South Chinz Sea. The re-
sult indicates that the cxygen isotope compositions of G. ruber are manly contrclled by the sea surface
temperature. The 81%C values of G. ruber also exhibit the seasonal variations and the trend similar (o the sea
surface ternperature, which indicates that the carbon isctope compositions of G. ruber are partly controlled by
the zea surface temperature,

Key words foraminiferal flux, scasonal variation, sediment trap, paleoceanography, South China Sea

1 INTRODUCTION

A number of sediment-trap experiments show that the pelagic particulate matters mainly re-

# This project was a Sino-(German cooperative project and was also supported by the National Natural Seience Foundaton of
China under contract Nao. 49776297 and the Key Laboratory of Submarine Geosciences of State {Jceanic Administration under

contract Mo, 9903,



sult from the calcareous plankton which generally accounts for more than 50% —60% of the total

particle fluxl 121

(3]

. Among biogenic particulate materials the planktonic foraminifera is a main
component ', whereas siliceous plankton is a minor one. Therefore, the seasonal and annual
changes of planktonic foraminifera are an important role in the study of the ocean flux and relating
biogeochemistric process. Since 1987, numerous cooperative studics of the fluxes of the pelagic
particulate matters have been carried out between China and Germany by deploying successive
sediment-traps in the northern and central South China Sea. Two prominent peaks, roughly cor-
responding to the prevailing periods of the northeast (from mid October to mid March of the next
year) and southwestern monsoons (June to August), are found in the sediment-trap sam-

plestz"‘“"’l

. However, the previcus studies seldom refer to the flux changes of the planktonic
foraminiferal genus and species as well as the relationship between the East Asia monscon and o-
cean hydrographic condition. In this paper, quantitative analysis is done on the fluxes of plank-
tonic foraminifera, carbonate, biopal and organic carbon revealing the paleacceanographic and pale-
oclimatic information in the sediment traps in the central South China Sea during 1 June 1993 10 2

May 1995.

2  MATERIAL AND METHOD

The sediment-trap system during 1993 ~ 1994
in the central South China Sea (14°35. 8 N,
115°08.6" E, 4 270 m water depth) consists of
two Mark VI automatic time-series sediment-traps,

which were anchored at the depths of 1 191 and

3 728 m respectively. The system during 1994 —
1995 in the central South China Sea (14°36.2" N,
115°07.1°" E, 4 310 m water depth) is composed
of three traps, which were fixed at 1 208, 2 243
and 3 774 m (Fig. 1) respectively. Detailed de-

ploying for sediment traps, pretreatment and analy-

Indo -

China

ses of samples were done according to References

{2]. Forty-seven samples are analyzed in this

Bomeo ) / study, 24 samples of which come from the shallow

layer traps and 23 samples from the deep ones. Ev-
Fig. 1 Locations of the sediment traps in ery sampling interval is 28 d (see Fig. 2).
the central and the northern South China Sea in

) o The fluxes of the planktonic foraminifera are
1993--1995. Water depth isobath unit is in m

calculated based on the statistic individuals larger
than 150 pm, split of the trap sample, area of the trap aperture and the duration of each sample.
The unit is ind/ (m?+d). The measuring methods of carhonate, biopal and organic carbon are re-
ferred to References {2, 4]. The surface pritmary productivity is estimated with the formula of
Berger et al . (11,
pp = J/(17/2 + 1/100),



where pp presents the primary productivity (C) [g/(em®-d)]; J is the flux of particulate organ-
ic carbon at the depth of » (m).

Shatlow trap:  Total flux/ Carbonate flux/ Biogenic opal Organic carbon  Surface primary Total plankton

mg-m'zld'] mg m?. d fiux / flux / productivity / foram flux /
mg-m?. cl'l mg m.d” mg.mz.d” mg-mld”
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Fig. 2 Distributions of total particulate fluxes, carbonate flux, biogenic opal flux, organic carbon flux,

Date

surface primary productivity and total planktonic {foraminiferal flux in the shallow traps and deep-layer

traps in the central South China Sea

3  DISCUSSION AND CONCLUSIONS

The ranges of the planktonic foraminiferal fluxes in the shallow and deep layers in the central
South China Sea are 10~996 and 13 ~1 243 ind/(m?+d) with the averages of 407 and 415 ind/
(m?+d), respectively {Fig. 2). Figure 2 shows that; (1) the total flux of planktonic foraminifera

3



in the shallow trap is equivalent to that in the deep trap in the central South China Sea, while the
total flux of the planktonic foraminifera in the deep trap reduces sharply compared with the shal-
low one?! in the northern South China Sea due to the carbonate dissolution. This might be rela-
tive to the small individuals (bigger than 125 pm) included in the calculation of the total flux of
the planktonic foraminifera at the northern station. In fact, the carbonate flux in the deep trap at
the middle station [average of 27.6 mg/(m’+d)] reduces obviously compared with the shallow
one [average of 38.6 mg/(m?+-d) ], which indicates that the dissolution of pelagic carbonates in-
creases with the water depth, but the effect is small for the individuals bigger than 150 pm. (2)
The total flux of tie planktonic foraminifera exhihits ohviously seasonal fluctuations in the central
Scuth China Sca. The phenomenon occurs in the northern South China Sea and other sea areas,

especially in the Arabian Seatl™ 5879

. The fluxes of total planktonic foraminifera have peak val-
ues during the periods of northeast and southwest monsoon prevailing, the same as the flux of car-
bonate, organic carbon, opal and surface primary productivity {see Fig.2), namely, planktonic
foraminifera has two “bloom” periods annually, which respectively correspond to the high surface
productivity resulted from the winter or summer monsoon-prevailing periods. (3) The total fluxes
of plankionic foraminifera in the central South China Sea in period of summer monsoon prevailing
are roughly equivalent to those in period of winter monsoon prevailing. But the planktonic
foraminiferal fluxes in summer in the northern South China Sea are apparently less than those in

winter!*’!

. That might be due 1o the central station near the summer upwelling areas off Viet-
nam, which can be a further evidence on the bloom of the planktonic foraminifera controlled by
the surface productivity.

The genera and species of the planktonic foraminifera in the traps of the central South China
Seq are identified on the basis of Bé’s work!''-. Eleven genera and 26 species are found with the
dominancy of Globigerinoides sacculifer (average content 38.2%) and Globigerinoides ruber
(average content 12.4% ) which are dominant among them {see Figs 3 and 4). Besides, the
species whose percentages are over 10%, are as follows: Neogloboquadrina dutertrei, Glo-
bigerinita glutinata, Globigerineila aequilateralis, Globigerina calida, Globigerinoides conglo-
batus, Globorotalia menardii, Orbulina universa, Globigerina bulloides, Globigerinoides tel-
lernus and Pulleniatina obliquiloculata . The fluxes and relative percentages of these genus and
species also exhihit an obvious seasonal fluctuation. Most of them reach the highest values when
the northeast and southwest monscons prevailing. For instance, (. sacculifer, G. ruber, N.
dutertrei and G. glutinata, etc. have a typical two-peaks shape (see Figs 3 and 4). However,
at the northern station of the South China Sea, the highest flux and relative percentage of N,
dutertrei mainly occur in the period of northeast monsoon-prevailing. In fact, N. dufertrei rep-
resents the species of high productivity in many sea areas of the world, especially in the area of
upwelling current! ') The surface productivity at the northern station is higher in the period of
northeast monsoon prevailing than in the perind ol southwest monsoon prevailing“"', so N.
dutertre: mainly blooms in winter. Near the summer upwelling area, the surface productivity in

the central station is alsc very high in summer, paralleling with that in winter'® (see Fig. 1).

Because of their high fluxes and relative percentages in the period of northeast monsoon-pre-

4



vailing, G . bulloides, P. obliquiloculata and (G. menardii are typical species of winter (see
Figs 3 and 4). Among the three species, the seascnal changes of P. obliguiloculata and G .

menardii are in agreement with the result of study in other sea areas by planktonic hauls and sedi-

[3,11)

ment traps . bulloides mainly distributes in the sub-polarity, upwelling areas at low lati-

[11]

tude and boundary current areas'*''. For example, it is the dominant species of the summer up-

welling areas in the Indian Ocean! 12!

, while not as the symbol species of southwest monsoon-pre-
vailing period in the South China Sea in summer. This also indicates that its distribution in the
Late Quaternary strata in the South China Sea does not reflect the change of the surface produc-

tivity but might reflect the change of the hydrographic conditions such as surface water tempera-
[13]

ture
Gsacculifer/  Goruber!  Ndwerver! Gglutmata) Ghullodes! G.obliguiloculata P menardit |
ind-m2-d” ind m? d* ind-m?-d” ind-m?*.d"' ind-m2.d' /ind-mz.d’ ind-mz.4d"
0 300 600 O 1()0 2000 S{J 1()00 100 200 0 IOO 0 100 0__ 50 100
1993-06-15 . :
1993-07-13
1993-08-10
1993-09-07
1993-10-05
1923-11-02
1993-11-30
19931228
1994.01-25
1594-02-22
a  1994-03-22
B 1994-04-19
£ 1994-05-17
1994-06-15
1594-07-13
1994-03-10
1694-09-07
1694-10-05%
1994-11-02
1594-11-30
1994-12-28
1995-01-25
1995-02-22
1995-0)3-22
1995.04-19
(Fsaccultfer G ruber Ndutertrei  G.glutinata G.bulloides P obliguiloculata G.menardit
%) @) (%) (%) o o) )
0 40 R0 O 20 40 0 20 0 19 20
1993-06-15 el
1903-07-13
1993-08-10
1993-08-07
1993-10-05
1993-11-02
1993-11-30
1993-12-28
1994-01-25
1994-02-22
1094-03.22
% 19940412
A 19940517
1994-06-15
1994.07-13
1994-08-10
1994-09-07
1964-10-05
1994-11-02
1994.§1-30
1994-12-28 ]
1995-01-25
1995-02.22
1995-03-22
19950419

Fig. 3 Disuibutions of important species and relatrve abundances of planktonic

foraminifera in the shallow scdiment trap in the central South China Sea

The values of oxygen isotope of G. ruber tests exhibit obviously seasonal and annual varia-
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Fig. 4 Distributions of important species and relative abundances of planktonic
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foraminifers in the deep sediment trap in the central South China Sea

tions, similar 10 those of sea surface temperatures. The range of 8 '*Q values of G. ruber 1csts is
between —2.73%x 1073~ 3.52x10 3, a little lighter in 1993~ 1994 than that in 1994 ~ 1995
(see Fig. 5). This indicates that the sea surface temperatures are a little bit higher in 1993 ~
(994 than in 1994 ~ 1995 in the central South China Sea. The differences of 8 'O values are
much smaller in the central station of the South China Sea than in the northern station of the
South China Sea, and the differences of sea surface temperatures between summer and winter are
larger in the northern station of the South China Sea than in the central station of the South China
Sea, corresponding to the observation of the sea surface temperature of the South China Sea. The
result indicates that the fluctuations of & *() values are mainly contralled by the sea surface tem-
perature. In other words, the sea surface temperature is mainly controlied by the monsoons, espe-
cially the nortbeast monsoon (see Fig. 5).

The values of carbon isotope of G. ruber 1esis also exhibit seasonal and annual variations.

But the {luctuations of 8 ’C values of G . ruber tests are not corresponding well with the sea sur-

6
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FigA. 5 Relanonships of wind speed, sea surface 1emperature,

B} and *C records in the central South China Sea

face temperature (Fig. 5). The result indicates that the fluctuations of § 2*C values are partly
controlled by the sea surface temperature. In addition, the flux and relative percentage of each
genus and species of the planktonic foraminifera have interannual variations too. For example, the
flux and relative percentage of G. bulloides and G. glutinata in 1994 — 1995 are higher than
those in shallow trap and deep trap in 1993 ~1994. However, an opposite trend is observed in the
flux and relative percentage of P. obliquiloculata and G . sacculifer {see Figs 3 and 4). Because
the optimum temperature ranges of the former two species are apparently lower than those of the
latter two species[“], annual changes might reflect the surface temperature in the central South
China Sea in 1994~ 1995 slightly lower than that in 1993~ 1994, This has been verified by the
surface temperature chservation of the central South China Sea. The & B0 analysis also indicates
that the sea surface temperatures are a little bit lower in 1994 ~ 1995 than those in the central
South China Sea in 19931994

Summarily, the total planktonic foraminiferal flux, the flux and relative percentage of cach
genus and species, 8 1°0) values are mainly controlled by the surface productivity as well as the hy-
drographic conditions such as surface temperature. Thus apparently seasonal and annual variations
are exhibited. For paleoceanography and paleoclimate research, it is very important significance to

further understand these variances of planktonic foraminifera and its sotope.
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Late Quaternary Sedimentary Diatom in the Okinawa Trough

and Its Paleoceanographic Significance

L.an Dongzhao Xu liang

Chen Chenghui

Third Institute of (ceanography, State Oceanic Administration, Xiamen 361005, China

Abstraet  The diatom abundance, relative content of dominant diatom species, micro-diatom species and

its abundance, and distributive characteristics of tropic pelagic specics abundance are described in Cores

KIL.22 and KLI18 from the northern Okinawa Trough. Some problems about the stratichronclogy of the

cores and the ancient Kuroshio Corrent are also discussed.

The results show rhat the main Kuroshio Cur-

rent has not ran through the study region since Late Pleistocene; and the sudden increases of diatom

abundance and tropic pelagic species abundance in the cores are records of the paleoclimatic cooling events

of Younger Dryas (¥1)) and Heinrich I (H13}.

Key words sedimentary diatom, l.ate Quaternary, Okinawa Trough

1 MATERIAL AN METHODS

Cores KL.22 and KL18, collected during Leg
50 of RV Sonne by China-Germany joint survey in
1987, are used in our study on the characteristics of
Late Quaternary diatom in the northern Okinawa
Trough {Fig.l and see Table 1}. The two cores are
very close, 1.5 km apart from each other. Totally
57 samples of 4 em thick and 8 cm interval are ana-
lyzed.

For each sample, 1 g dry sample is taken to be
decalcified by 10% HCl, dispersed by 15% H,(0,
boiling 15 min, washed by distilled water, concen-
trated by caldium heavy liquid with specific gravity
of 2.4, and then made into fixed slides. For each
sample, over 200 valves or 18 cm X 18 cm standard
slides are identified and counted, and then conversed

into individuals of diatom valve per gram sample.

Fig. 1 Sketch map of study cores and
circulation in the Okinawa Trough
1. Kuroshio Current, 2. Kuoroshio branch,
1. eddw northwest of the turn of Kuroshio,

4. warm eddy northwest of Amami Island,

5. eyclonie eddy south of Cheju [sland

+ This study was supported by the Key Laboratory of Submarine Geosciences of State Oceanic Administration.



Table I General situation of study cores

Core East longitude Narth Iatitude Water depth/m Core depth/em Sample amount
K22 128°28. 0 30°48.0° 787 123700 48
KIL.1% 128°27.37 30°48.8° 770 0---118 9

2 RESULTS

2.1 Distributive characteristics of diatom
2.1.1 Diatom abundance

The diatom cells in Cores KL22 and KL18 are extremely abundant. The absolute abundance
is between 1% 10° and 4 X 10° grains/g for most samples. It suddenly increases to more than 2 X

10°® grains/g at 575~ 579 and 239 —243 cm. The lowest value is 4 700 grains/g at 54 —58 cm
(Fig.2).
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Fig. 2 Dustribution of dominant species of Late Quaternary diatom

in Cores K1.22 and KL18 from the northern (Okinawa Trough

2.1.2 Dominant diatom species and their distribution

One hundred and twenty-five diatom species and varieties belonging to 43 genus are identified
in Cores KL22 and K118, including 12 freshwater species, 7 brackish water species and 106 sea
water species and varieties. There are 8 dominant species as follows:

(1) Melosira sulcata . It is a species with maximum relative content in Cores KL22 and
KI.18. Except that it is 5.38% and 9. 48% at 263 ~267 and 407 ~411 cm respectively, the con-
tents are all over 10.00% for the other samples, most of them over 25.00% , with a maximum of
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48.85% .

(2} Actinocyclus ehrenbergii . The contents of the species are nearly the same as the former
specics. Except that it is less than 10, 00% at 135139 c¢cm, the contents for the other samples
are all over 10.00% ., with a maximum of 45.29% . It is seen from Fig. 2 that the content is he-
tween 20.00% and 30.00% for Section 0~ 118 cm, less than 20.00% for Section 123 ~190 cm
and more than 20.00% for Section below 190 cm.

(3) Coscinodiscus decrescens. The relative contents of the species are aver 15.00% for Sec-
tion 147 —363 em with a maximum of 37.31% and less than 10.00% for most of the other sam-
ples.

(4) Coscinodiscus excentricus . The relatively high contents of the species mainly concentrate
in Section 123280 cm, mostly over 8.00% with a maximum of 14.93% . They are commonly
less than 8.00% for the other samples.

(5) Coscinodiscus nodulifer. The contents of the species are less than 5.00%, except at
114~118 and 407 ~411 cm, 10.30% and 3.21% respectively.

{6) Coscinodiscus oculus-iridis. The contents of the species are over 5.00% for Section 440
—475 cm with a maximum of 13.62% and also at Samples 90—94, 287 —291, 359 — 363 and
575579 cm. They are relatively low for the other samples.

(7) Coscinodiscus radiatus. The species mainly distributes in Section 0~ 118 c¢m with con-
tents of hetween 5.00% and 16.00% . The contents for the other samples are relatively low.

(8) Cyelotella stylorum . It is a ncarshore low-salinity species and concentrates in Section
123~ 190 em with contents of between 6.00% and 14.00% .

2.2 Micro-diatom

Micro-diatoms, diatoms with cell diameter being not greater than 20 pm, are analyzed and
counted for 33 samples.

2.2.1 Micro-diatom ahundance

Micro-diatom is rather abundant, with an abundance of over 1 X 10* grains/g for most sam-
ples and over 5 X 10 grains/g at 395-~ 399 and 635 — 639 cm, but less than 3 000 grains/g in
Section 54 ~75 cm.

2.2.2 Micro-diatom species and their distribution

Torally 27 micro-diatom species and varieties helonging to 16 genus are identified. Among
them, the relative content of Melosira sulcata is over 92_.00% in all samples. Five species, [el-
phineis surirella , Cyclotella striata, Cyclotella stylorum, Thalussiosira oestrupii and Thalas-
sionema nitzschioides var. parve are found in most samples (see Table 2). Nine specics, Rha-
phonets amphiceros, Coscinodrscus robustus, Coscinodiscus nodulifer, Xanthiopyris globosa,
Cymbella parva, Rhaphoneis crinigera, Thalasiosiva eccentrica, Plagiogramma pulchellum
and Syredra tabulata, only occur in Section 470 - 690 ecm. The other species distribute scat-
teredly.

2.3 Distribution of tropic pelagic species

Seven tropic pelagic species, Coscinodiscus nodulifer, Rhizosolenia bergonii, Nirzschia

maring, Hermidiscus cuneiformis, Roperta tesselata, Coscinodiscus africanus and Pseudoeunotia
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