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Abstract Calcareous nannofossil assemblages in the surface sediments of the South China Sea (SCS), at depths
>200m, are dominated by Florisphaera profunda, with abundance values ranging from 32-95%. Towards the cen-
tral (abyssal) portion of the SCS, at depths below the inferred lysocline and the calcite compensation depth, F. pro-
funda abundance values in the surface sediments reach >80%. An experiment, involving the use of an acidic solu-
tion in the preparation of smear-slides, showed an apparent increase in F. profunda abundance relative to the other
taxa present in the original sample. F. profunda, therefore, is herein proposed as a dissolution-resistant species.
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preservation
dance values are >80%, dominating the deep basin
1. Introduction (abyssal) nannofossil assemblage (Fernando et al., in
The preference of Florisphaera profunda for the lower press).
euphotic zone of the water-column makes it very unusual The present study investigates the possible reasons

among the living coccolithophores. First described by  causing such patterns of F. profunda distribution in the
Okada & Honjo (1973) from the Pacific Ocean, coccos-  SCS. In particular, the possible effect of the resistance of
pheres of F. profunda are composed of polygonal, tooth-  the species to dissolution, compared to other taxa, is
like coccoliths comprising a single calcite crystal and are  investigated through an experiment, herein referred to as
distinguished under the light-micro-
scope by their low birefringence. This
nannoplankton species has been present
since the Middle Miocene (NN5; Young,
1998). F. profunda is considered to be an
important component of Recent surface
sediments in the world’s oceans and
seas, and has been known to dominate
nannofossil assemblages in the sedi-
ments of deep basins, increasing in rela-
tive abundance offshore, with increasing
water-depth and distance from the coast
(e.g. Okada & Honjo, 1975; Okada,
1983, 1992; Takahashi & Okada, 2000;
Andruleit & Rogalla, 2002). In the
South China Sea (SCS), F. profunda
dominates both surface-water and sur-
face-sediment nannoplankton/nannofos-
sil assemblages (Fernando et al., 2000,
in press; Peleo-Alampay et al., 2000;
Liu et al., 2001; Fernando, 2003; Figure

1). Below the inferred lysocline and cal-
; i i Figure 1: Map of the SCS and abundance values of F. profunda in the surface sediments,
cite compensation depth (CCD) in the
SCS (i 2. 3000m and 3500m. respective- using data from Fernando ez al. (2000, in press), Fernando (2003) and Liu et al. (2001).
o - Tesp Samples included in the F. profunda experiment are indicated by arrows and are labeled
ly: Wang et al., 1995), F. profunda abun- accordingly
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sample number | water depth Emiliania huxleyi Florisphaera profunda Gephyrocapsa oceanica FDX, the stronger the
(m) 0% [050% [ 1.00% | 0% J[050% [ 1.00% | 0% [ 050% | 1.00% dissolution effect (i.e.
140-51 96.5 45.8 319 28.7 3.6 8.9 9.3 29.4 35.4 48.1 th dissoluti
140-56 196.6 364 | 279 | 21 192 | 179 | 23 | 215 | 298 | 45 ¢ more dissolution-
140-11 710.7 35.5 17.3 26.8 41.9 46.7 493 14.4 19.2 15.9 resistant planktonic
140-58 1906 28.9 17 14.9 41.3 57.7 61.1 17.6 16.5 22.2 foraminifera species
1322 2094 26.6 10.1 17.4 52.9 63.4 57.6 12.9 19.4 18.6 -
132-34 2364 9.5 6.7 0 54 68.6 0 234 18.7 0 in  the  sample).
1323 2435 33 | 69 68 | 519 | 724 | 759 18 156 | 156 Hemleben & Auras
132-39 2486 10.7 0 0 64 0 0 15.7 0 0 (1984) used the same
132-37A 2603 10.5 0 0 68.6 0 0 13 0 0 equation in the calcu-
132-33 3392 9.6 0 0 68.6 0 0 17.9 0 0 lati £ the EDX
132.17 4121 10 0 0 82.2 0 0 6.3 0 0 ation of the ’
1329 4345 0.7 0 0 91.7 0 0 73 0 0 although the plank-
tonic  foraminifera

Table 1: Comparison of % relative abundance values of the three major species in samples prepared with 0%, 0.5%

and 1.0% HCI

the F. profunda experiment. The experiment is a modified
smear-slide sample preparation technique, using solutions
of varying HCI concentration.

2. Materials and methods

A total of 12 samples, from the eastern and western por-
tions of the SCS, collected during R/V Sonne cruises SO-
132 in 1998 (Wiesner et al., 1998) and SO-140A in 1999
(Wiesner et al., 1999), were used for the experiment
(Figure 1). The samples were taken at water-depths rang-
ing from 97-4345m (Table 1). The topmost portion (0-
0.25cm) of the samples, representing the most recent sed-
iments, was used for this study. Relative abundance data
of Florosphaera profunda in the surface sediments of the
SCS were taken from Fernando er al. (2000), Liu et al.
(2001) and Fernando (2003). Slides were examined under
a polarising light-microscope (Carl Zeiss Axiophot) at
1000x and 1250x magnifications. For species relative
abundance analysis, 300 specimens were counted per
sample on randomly selected fields of view.

In determining the possible resistance of F. profunda
to dissolution, two sets of smear-slides were prepared
using a modified sample preparation technique: instead of
distilled water, a small quantity of sediment was mixed
with 0.5% and 1.0% HCI solution, respectively.

The carbonate content of the samples was determined
using the carbonate bomb method of Muller (1967). A
small amount of sediment (0.5-1.0g) is placed inside the
carbonate bomb, along with 10ml of 5% HCI in a small
container. The lid of the container is closed tightly and the
contents are mixed. The CO, released from the reaction of
the sediments with HCl is recorded by the pressure gauge.
The values obtained were compared to the standard
(100% CaCOs) to get the carbonate percentage of the sed-
iments (Table 2). The foraminiferal dissolution index
(FDX) of Berger (1979) was used to check dissolution
intensity in the investigated samples. The FDX measures
dissolution intensity in samples using the equation

FDX = X [(pi)(Ri)] /| X pi

where pi = % of species i, and Ri = dissolution ranking of
species i. The higher the values obtained in the computed

dissolution rankings
slightly differ from
those of Berger
(1979). The FDX values of the investigated samples are
shown in Table 3.

3. Results and interpretations

3.1 Florisphaera profunda distribution in
the surface sediments of the SCS

The relative abundance values of Florisphaera profunda
in the SCS range from 2-61% in the western portion and
49-95% in the eastern portion (Fernando, 2003; Fernando
et al., in press). At depths below 200m, F. profunda abun-
dance values range from 32-95%. Farther offshore, with
increasing water-depth and distance from the coast,
towards the central (abyssal) part of the SCS, F. profunda
increases in abundance, comprising >80% of the assem-
blage below the inferred CCD. Fernando et al. (in press)
referred to this assemblage as the ‘deep-basin’ or
‘abyssal’ assemblage. The deep-basin assemblage is
believed to be the result of the combined effects of the
taxon’s preference for increased water-depth and distance
from the coast, a deep nutricline, and the possible effect
of carbonate dissolution (i.e. F. profunda is resistant to
dissolution). Ahagon et al. (1993) suggested an inverse
relationship between water turbidity and F. profunda
abundance. Molfino & Mclntyre (1990), on the other
hand, suggested the control of nutricline depth on F. pro-
funda in the water-column (i.e. a deep nutricline is
favourable for F. profunda growth). In the central SCS,
Conductivity Temperature Depth data (Wiesner et al.,
1999) and low chlorophyll concentration (<0.1-
0.3mg/m3: Liu et al., 2002) are consistent with higher F.
profunda abundance.

3.2 Florisphaera profunda experiment

Of the 12 samples included in this experiment, only seven
contained calcareous nannofossils after preparation with
0.5% and 1.0% HCI solutions (Table 1, Figure 2).
Interestingly, smear-slides of samples obtained at depths
approaching >2500m (below the lysocline) are barren of
nannofossils when prepared with HCI. This phenomenon
could be attributed to the partial dissolution of nannofos-
sils during deposition. With increasing water-depth, the
bottom-water becomes CaCOj-undersaturated, resulting
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SO132-02 11°56.03' 110°06.04' 2094.0 17.45 52.931 1.309 SO132-05 14°10.03' 113°59.99' 4323.0 1.29 88.710 0.399
SO132-03 12°40.75' 111°24.14' 2435.0 18.10 51.897 1.326 SO132-07 15°06.33" 115°23.10 4269.0 1.29 86.932 0.500
SO132-04 12°48.04' 113°33.43' 4327.0 1.94 61.538 0.925 SO132-08 14°22.99' 116°03.99' 4320.0 1.29 83.750 0.544
SO140A-01 6°43.56' 107°38.99' 73.5 21.98 8.940 1.340 SO132-09 13°40.62' 116°07.01' 4345.0 323 91.694 0.323
SO140A-03 7°00.20' 107°54.87' 86.2 12.28 22.364 1473 SO132-10 12°58.27' 116°09.90' 4345.0 1.29 91.667 0.340
SO140A-05 7°10.71' 108°20.28' 98.8 4.52 26.282 1.511 SO132-11 13°50.02' 116°48.35" 4249.0 1.29 90.909 0.394
SO140A-07 7°20.39' 108°44.16' 1194 14.22 33.127 1425 SO132-12A 14°18.96' 116°52.03' 43200 1.94 79.056 0735
SO140A-08 7°26.54' 108°59.32' 149.7 9.70 35572 1325 S0132-16 15°29.99' 116°55.01' 42330 none 89.552 0476
SO140A-10 7°31.91' 109°12.75' 283.9 34.26 39.754 1651 S0132-17 16°06.08' 116°59.63' 41210 129 82.188 0.645
SO140A-11 7°38.52' 109°29.17' 710.7 14.61 41.935 1392 |[s0132-20 15°42.60' 117°25.50' 41920 1.29 93.729 0.282
SO140A-12 7°46.33' 109°48.68' 829.1 26.50 41.326 1464 |[s0132-23 15°15.24' 118°07.11' 37140 none 79.294 0.802
SO140A-13 7°51.43' 110°00.98' 73.8 76.27 39.935 1345 S0132-24 15°32.69' 118°05.59' 4014.0 129 80.000 0.745
SO140A-14 7°54.09' 110°07.85' 380.4 107.29 44.124 1491 5013227 14°39.96' 118°05.15' 4254.0 2.00 92.570 0303
SO140A-15 8°06.18' 110°38.33' 381.6 71.56 47.241 1407 5013228 14°19.64' 118°18.93' 4060.0 129 90.062 0459
SO140A-16 9°08.55' 108°37.39' 108.8 6.46 18.533 1377 S0132-30 14°02.43' 118°41.03' 3937.0 0.65 90.000 0419
SO140A-18 9°20.52" 108°40.53" 101.4 9.70 20.667 1418 SO132-32 13°31.68' 118°53.94' 3513.0 3.88 87.187 0.529
SO140A-20 9°37.08' 108°54.36' 116.1 23.92 18.736 1.292 SO132-33 13°12.06' 119°04.47' 3392.0 3.44 68.642 0.995
SO140A-21 9°45.69' 109°07.96' 155.9 35.55 19.328 1.734 SO132-34 12°53.58" 119°18.39' 2364.0 6.02 54.006 1.459
SO140A-22 9°47.67' 109°10.88' 183.0 17.45 18.768 1.382 SO132-35 13°37.02' 119°58.40' 3322.0 3.88 50.809 0.899
SO140A-23 9°59.22' 109°28.73' 280.1 24.56 35.556 1.466 SO132-37 13°54.33' 119°36.77 2762.0 1.29 57.311 1.336
SO140A-25 12°14.71' 109°19.91' 455 7.11 8.895 1.268 SO132-37A 14°06.19' 119°37.48' 2603.0 323 68.642 1.147
SO140A-26 12°14.21' 109°22.83' 59.3 6.02 7.667 1.466 SO132-38 14°15.07' 119°38.11" 2496.0 2.26 59.103 1.408
SO140A-28 12°13.67' 109°25.96' 103.6 7.76 10.855 1.711 SO132-39 14°18.74' 119°25.52' 2486.0 4.52 64.028 1.263
SO140A-29 12°12.89' 109°32.09' 1342 10.99 18.750 1560 [[SO132-40 14°35.06' 119°45.12' 25100 3.44 68.421 1.086
SO140A-32 13°30.12' 109°33.67' 169.1 29.23 18.636 1.830  [[s0132-41 14°38.40' 119°28.85' 2605.0 1.94 53.293 1333
SO140A-33 13%41.11' 109°27.02' 1293 16.81 17.188 1522 [[s0132-42 14°54.67' 119°32.29' 2514.0 1.94 59.672 1.353
SO140A-35 14°05.08' 109°25.53' 1347 none 19.107 1723 S0132-43 15°12.50' 119°37.50' 2286.0 097 83.621 0.631
SO140A-36 14°14.90' 109°20.20' 1165 14.22 12.325 1242 |[sO132-46 16°37.69' 120°11.56' 349.0 8.40 48.787 1369
SO140A-39 15°20.03' 108°55.41' 56.8 6.88 2417 1.149  |[so132-47 16°14.18' 118°55.57' 3980.0 129 95.238 0.191
SO140A-43 15°05.00' 109°00.01' 34.6 none 1.807 1.080 |[sO132-48 16°01.70' 118°53.75' 3799.0 0.00 85.867 0.568
SO140A-45 14°44.81' 109°17.61' 97.9 16.81 9.565 1.151 S0132-49 15°27.84' 119°19.37' 3010.0 2.59 68.241 1.149
SO140A-46 14°24.10' 109°18.57' 100.0 18.10 6.704 1509 |[s0132-50 15°24.99' 119°35.21' 2459.0 1.29 66.565 1.172
SO140A-48 14°34.13' 109°11.36' 61.5 none 3.618 1378
SO140A-49 15°44.94' 108°53.33' 82.5 31.02 12.060 1.281
SO140A-51 16°16.62' 108°39.59' 96.5 2327 3.611 1.496 western South China Sea (continued)
SO140A-52 16°28.61' 108°26.15' 91.1 14.22 3.762 1.337 SO140A-56 16°23.59' 109°25.04' 196.6 10.34 19.205 1.674
SO140A-54 16°44.40' 108°27.77' 92.9 18.10 12.766 1.262 SO140A-57 16°20.98' 109°32.34' 756.3 14.87 32.338 1.441
SO140A-55 16°28.55' 109°11.47 114.8 13.57 19.777 1.603 SO140A-58 11°55.23' 110°01.03' 1906.0 14.22 41.333 1.532

Table 2: Carbonate content, % relative abundance of F. profunda, and Shannon-Weaver diversity values of the samples from the eastern and west-

ern portions of the SCS

in corrosion/partial dissolution of any calcareous matter.
As a consequence, when smear-slides of samples are pre-
pared with an acidic solution, dissolution is easier because
of the coccoliths’ weakened structure due to partial disso-
lution (double dissolution effect: Fernando, 2003).

From the graph showing the results of the experiment

(Figure 2), it can be observed that there is an apparent
increase in the relative abundance of F. profunda, with
respect to other coccoliths, in samples prepared with 0.5%
and 1.0% HCI, compared to samples prepared with 0%
HCI. Although Gephyrocapsa oceanica also increases in
relative abundance in the experiment, this is only appar-
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SO132-37A 260300 | 294 | 000 | 1176 | 490 | 000 | 392 [ 5196 | 000 | 686 | 098 [ 000 | 588 | 392 | 196 | 490 | 000 | 10000 4.66 434 | 6864
S0132-34 236400 | 482 | 843 | 1325 | 361 | 000 | 843 [ 4207 | 000 | 241 | 120 [ 000 | 602 | 361 | 120 | 482 | 000 | 10000 442 414 | s401
50140-55 11480 | 562 | 000 [ 674 | 169 | 000 [ 2247 [ 3708 [ 000 [ 674 [ 000 [ 000 [ 1067 [ 169 [ 112 [ 618 [ 000 [ 100.00 428 409 [ 1978
501323 243500 | 500 | 000 | 500 [ 1000 | 000 | 750 [ 1750 | 000 | 750 | 000 [ 000 | 1500 | 500 | 000 | 1500 | 1250 | 10000 553 537 | 5190
5013239 248600 | 465 | 233 | 1744 | 000 | 000 | 581 | 4651 | 000 | 233 | 000 | 000 | 349 | 349 | 581 | 814 | 000 | 10000 452 425 | 6403
50132-49 301000 | 250 | 000 [ 7.50 [ 000 [ 000 [ 500 [ s0.00 [ 000 [ 1250 [ 000 [ 000 [ 1500 [ 250 [ 250 [ 2.50 [ 000 [ 100.00 4.95 446 | 6824
50140-57 75630 | 1635 | 000 | 760 | 342 [ 000 [ 2091 [ 2738 [ 038 [ 266 | 000 [ 000 [ 342 [ 798 [ 152 [ 837 [ 000 [ 10000 4.12 374 | 3234
50140-58 190600 | 172 | 000 | 655 | 207 | 034 | 586 | 4759 | 000 | 655 | 000 | 000 | 1000 | 517 | 724 | 690 | 000 | 10000 4.86 456 | 4133
50140-56 19660 | 000 [ 000 [ 1375 [ 375 [ 000 [ 2000 [ 2625 [ 000 [ 1000 [ 000 [ 125 [ 1625 [ 125 [ 625 [ 000 [ 125 [ 10000 4.65 443 | 1921
50140-52 9110 [ 1449 | 000 | 000 | 145 [ 000 [ 4928 [ 2174 [ 000 [ 145 [ 000 [ 000 [ 290 [ 580 [ 000 [ 290 [ 000 [ 100.00 326 328 3.76

Table 3: Planktonic foraminifera occurrence and relative abundance in selected stations in the SCS (refer to Table 2 for coordinates). FDX values
were computed using the dissolution ranking scales of Berger (1979) and Hemleben & Auras (1984)
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Figure 2: Graphical comparison of the % relative abundance values of the three major species in the smear-slide analysis of the 0%, 0.5% and 1.0%
HCI experiment. The category ‘Other taxa’ includes C. leptoporus, C. murrayi, D. tubifera, G. ericsonii, Helicosphaera spp., Reticulofenestra spp.,
Syracosphaera spp., Umbellosphaera spp. and Umbilicosphaera spp. (see discussion)
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Figure 3: A) Foraminiferal dissolution index (FDX: Berger, 1979) and % relative abundance of F. profunda (modified from Fernando et al., in press).
B) % relative abundance of F. profunda and carbonate content of the surface sediments in the SCS
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ent in Samples SO140-51 and SO140-56, collected on the
Vietnam shelf at water-depths <200m. G. oceanica is one
of the most abundant species in these locations, along
with Emiliania huxleyi, which may explain its abundance
even after acidification. E. huxleyi, however, appears to
be more susceptible to dissolution than F. profunda and,
to a lesser extent, G. oceanica, thus its low abundance
after the experiment.

Although there is a consistent decline in the values of
the total ‘minor’ taxa after the experiment, Calcidiscus
leptoporus, Ceratolithus spp. and Helicosphaera spp.
(mainly H. carteri) were observed to become slightly
more common. This is attributed to the dissolution of
more susceptible forms, such as Calciosolenia murrayi,
Discosphaera tubifera, Gephyrocapsa
Reticulofenestra spp-, Syracosphaera
Umbellosphaera spp. and Umbilicosphaera spp.

ericsonii,
spp-,

3.3 Dissolution Indices

Although few samples were subjected to FDX analysis,
the result was favourable. FDX values increase with
increasing water-depth and show direct correlation with F.
profunda abundance (r = 0.77: Figure 3a). The carbonate
content of the sediments, on the other hand, shows an
inverse relationship with F. profunda abundance (r =
-0.55: Figure 3b). Both parameters, therefore, support the
inference that high abundances of F. profunda are related
to dissolution.

4. Discussion and conclusions

Early petrographic works suggested calcite to be the main
component of coccoliths, which was supported by suc-
ceeding studies using chemical and X-ray diffraction
analyses (e.g. Isenberg et al., 1963 in Siesser & Winter,
1994). Further studies revealed that the calcite produced
by coccolithophores is the low-Mg variety (i.e. <4%
MgCOs: Siesser, 1971 in Siesser & Winter, 1994).

A non-reviewed, informal discussion regarding the
composition of Florisphaera profunda coccoliths was
compiled in the Journal of Nannoplankton Research
(2000, 22(1): 10). Evidence presented to favour calcite
over aragonite included: (1) high F. profunda abundance
in samples that do not contain aragonite (i.e. below the
aragonite compensation zone); and (2) its occurrence and
preservation patterns in deep-sea sediments. The distribu-
tion pattern of F. profunda in recent studies in the SCS
confirms these observations, wherein the species domi-
nates the deep-basin (abyssal) assemblage (Fernando et
al., in press).

The present study is one of very few to report
increased abundance of F. profunda in the abyssal portion
of the SCS, and one of the few to propose the taxon’s pos-
sible resistance to dissolution (e.g. Gibbs et al., 2004).
The abundance of F. profunda in the surface sediments of
the deep portions of the SCS is probably a combined
result of its high abundance in the water-column and its
resistance to dissolution. Abundance in the water-column

106

is evident in the sediment-trap data of Peleo-Alampay et
al. (2000) and is supported by oligotrophic conditions in
the eastern and central portions of the SCS, as indicated
by the deep nutricline level and low chlorophyll data
(Wiesner et al., 1999; Liu et al., 2002). Based on the high
abundance values of the species at depths below the lyso-
cline and CCD, and the dissolution parameters investigat-
ed (CaCOj; content of the sediments and FDX), however,

F. profunda could be a dissolution-resistant species and is
a significant contributor of CaCO; at greater depths. A

likely explanation could be the fact that F. profunda coc-
coliths are made up of single calcite crystals, as opposed
to the coccoliths of other taxa in the investigated samples
in the SCS, which have smaller constituent crystal ele-
ments (Gibbs et al., 2004; J. Young and H. Andruleit,
pers. comms, 2007).
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