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ABSTRACT: Andaman Sea in the Indo-Pacific Warm Pool (IPWP) is influenced by Indo-Australia
monsoon winds. Marine sediment cores in this area, BS36 (06°55’50.8”N; 96°07°28.51”E; Water depth
1147.1 meters) were acquired by Geomarin III research vessel and analysed its morphology for
nannoplankton occurences. Results from qualitative identification on marine sediment core in Andaman
Sea obtained 11 genus of nannoplankton marine algae in this area. Dominated genus discovered in this site is
Gephyrocapsa, Emiliania, and Helicosphaera. Although this research is qualitative and preliminary study
phase; however, this reference of modern nannoplankton taxonomy and features using Scanning Electron
Microscope (SEM) would enhance marine algae biodiversity along Andaman Sea of Indonesian waters

Keywords: Nannoplankton, morphology, sediment core, taxonomy, Andaman Sea

ABSTRAK : Kawasan Laut Andaman terletak di wilayah kolam panas Indo-Pasifik sangat dipengaruhi oleh angin
musim Indo-Australia. Conto inti sedimen laut di wilayah BS 36 (06°55'50.8” Utara; 96°7'28.51” Timur;
kedalaman laut 1147,1 meter) diambil menggunakan wahana kapal riset Geomarin Il dan dianalisis morfologi
nanoplankton yang ditemukan di wilayah ini. Hasil dari pemerian kualitatif dari conto sedimen inti di Laut Andaman
menghasilkan 11 genus nanoplankton sebagai alga laut yang dapat ditemukan pada lokasi ini. Genus yang sangat
menonjol di satu lokasi titik pengambilan conto sedimen inti yaitu Gephyrocapsa, Emiliania, dan Helicosphaera.
Meskipun kajian ini masih bersifat kualitatif dan tahap studi awal; namun acuan tentang taksonomi nanoplankton
modern dan kenampakan dari Scanning Electron Microscope (SEM) akan memperkaya biodivesitas alga laut di
sepanjang Laut Andaman dari peraivan Indonesia.

Kata Kunci: Nanoplankton, morfologi, conto sedimen inti, taxonomi, Laut Andaman

INTRODUCTION

Calcareous nannoplankton is a major
component of oceanic phytoplankton with ranging
size between 0.25 and 30 pum. This calcareous
nannoplankton belongs to the kingdom Protista, in
the phylum Haptophyta (Hay et al., 1967). The
evolution pattern of this group of marine organisms
and its present-day distribution all over the marine
world are extremely useful in various research
domains, as: marine biology, marine geology,
biogeochemistry and palaeontology. Since its
discovery, the calcareous nannoplankton proved
important for to hydrocarbon (Hay et al., 1967),
global climate change (Sprengel et al., 2002; Bolliet
et al., 2011), and biostratigraphy (Hendrizan et al.,
2014).

In addition, modern productivity of calcareous
nannoplankton is important to global climate change,
especially genus Emiliania and Florisphaera (Bolliet
et al., 2011). Blooming of Emiliania huxleyi is very
useful to reduce carbon cyle from Atmosphere into
the ocean (Riebesell et al., 2000; Delille et al., 2005).
Calcareous nannoplankton at Andaman Sea,
especially at Indonesian territory would be
convincing to explore further due to limited study
occur in this area. Andaman Sea is areas with
sediment source originated from Himalayan
mountain derived rivers, such as Irawady, Salween,
and Sittang rivers (Awasthi et al., 2014). This
Andaman Sea regarded as Mergui-North Sumatran
Basin, which is bounded by convergence of Mergui
Ridge with continental crust of Sunda Craton to the
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Figure 1.

location.

north, Asahan Arch to the east, Barisan Mountain to
the south, and the Mergui ridge to the west
(Tapponier et al., 1982).

Limited references occurred on coccolith that can
be used for modern nannoplankton study in the
Andaman Sea region. The latest publication on such
areas from nannotax web is a study of morphometric
changes of the genus Gephyrocapsa from two decades
ago (Matsuoka and Okada, 1990). Preliminary study
based on qualitative calcareous nannoplankton would
be not applied to predict paleoproductivity condition in
the Andaman Sea. However, this study is more
concerned on taxonomic evidence based on calcareous
nannoplankton assemblage in BS 36 (Andaman Sea)
core site. Simple microscope is not enough to observe
nannoplankton characteristics (Perch-Nielsen, 1985),
instead SEM images that were used for studying
characteristics of Andaman Sea nannoplankton. The
objective of this study is to provide recent
documentation of calcareous nannoplankton of
Andaman Seas (Figure 1). It is based on identification
of physical characteristics of coccolith assemblage.

STUDY AREA

Tectonic setting of Andaman Sea considered as a
back-arc basin, iniatially formed in Late Cretaceous by
crustal extension of Sundaland (Tapponier et al., 1982;
Hall, 2002). Collision of India with Asia initiated
extrusion of Indochina causing clockwise rotation-
oblique subduction-NWSE wrench faults systems and
associated transtentional basins at the Andaman Sea
(Tapponier et al., 1982). the sediments deposited in the
west-central Andaman Sea probably until this BS36 site
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Study area of sediment BS36 in Andaman Sea.Map is yielded from
geomapp application (//http:geomapp.org); red square shows core

Irrawaddy catchment, western slopes
of the Andaman Islands, and
catchments of the Salween and
Sittang, and the Bengal shelf, with
the first two sources contributing
30-60% of the material (Awasthi et
al., 2014).

Andaman Sea is parts of the
Indo Pacific Warm Pool (IPWP) with
the sea surface temperature (SST)
higher than 28 C. The climate in this
region is affected by Australia-
Indonesia monsoon (Tapper, 2002;
Qu and Meyers, 2005; Kida and
Richards, 2009; Mohtadi et al.,
2011). Southeast monsoon in
Andaman Sea, particularly between
June-September, is characterized by
upwelling activity that reduces sea
surface temperatures by 1-2 C and
increases the number of chlorophyll (Mohtadi et al.,
2011). Northwest monsoon occuring between
December — March in the area is characterized by an
increase in the rainfall intensity, stable sea surface
temperatures and low chlorophyll concentration
throughout the eastern part of the Indian Ocean

METHODS

This study used marine sediment core, BS 36
(6 55°50.8"N; 96 7°28.51”E; length: 380 cm; water
depth 1147,.1 m) in Andaman Sea. Based on
megascopic description, BS36 composes of clay and
silt with darker color at the bottom than the upper part
and Foraminifera sand was observed between 332 and
350 cm (Figure 2). The sediment color is getting darker
into the bottom part of core BS36 in Andaman Sea and
some foraminifera and pteropod shell existed along the
core.

Calcareous nannoplankton analysis is collected on
certain layer of BS 36 marine sediment cores.
Nannoplankton is identified using Quanta 200
Environmental Scanning Electron Microscope (ESEM)
at Laboratory of First Institute of Oceanography (FIO)
of the State Oceanic Administration (SOA) in Qingdao,
China, using 15,000 to 40,000 magnifications.
Sediment samples are selected from clay residues and
mounted on SEM stubs. The samples then coated with
gold spray to avoid light dispersion using BALTEC
SCD 005 sputter coater for 5 — 10 minutes.
Determinations of nannoplankton genus are carried out
using Perch-Nielsen, (1985).



Sample code : BS36
latitude: 06°55'508" N
Longitude: 96°07°28.51" E
Water depth: 1147 m

LITHOLOGY

DEPTH (m)

Description

o

silt with brownish grey colour (5Y4/3) from 0-8 cm

_____ silt with grey colour (5Y3/2) which contains foraminifera shell

pteropod shell on 75 cm depth

clay with dark grey colour (5Y3/1) which contains
1 4 foraminifera shell

clay with dark grey colour (5Y3/1) which contains
_____ foraminifera shell

clay with dark grey colour (5Y4/3) which contains
foraminifera shell

————— foram sand with light grey colour (5Y4/3) which contains
foraminifera shell between 332 and 350 cm

clay with dark grey colour (5Y3/1) which contains
foraminifera

in general,sediment is getting darker to the bottom part,
but some part is getting lighter in the bottom part

Figure 2. The description of sediment core BS36 in
Andaman Sea. Color description used image
column of Munsell color chart.

RESULT
Samples from Andaman Sea contain 11

nannoplankton genus. All genus have uniform size
between 2.5-5um. The 11 genus are:

1) Syracosphaera, 2) Helicosphaera, 3) Gephyrocapsa,
4) Calciosolenia, 5) Discosphaera, 6) Reticulofenestra,
7) Umbilicosphaera, 8) Florisphaera, 9) Emiliania, 10)
Craticullithus, 11) Calcidiscus.

Eleven genus nannoplankton occur in Andaman
Sea (Table 1,2). Nannoplankton in core BS36 at
Andaman Sea show some genus such as
Rhabdosphaera, Coccolithus, Calciosolenia, and
Craticulithus does not exist at the lower part of core
started from 190 to 340 cm (Table 1, 2). Gephyrocapsa,
Emiliania, and Helicosphaera dominated in the entire
core length, number of that genus is 42%, 16%, and
11% respectively. Other genus except those 3
dominated genus are numbered between 1 and 5 % from
total number of nannoplankton assemblage at the
Andaman Sea.

DISCUSSIONS

Taxonomy of nannoplankton genus from Andaman Sea

Detailed taxonomy and characteristics of nanno
plankton assemblages from Andaman Sea is explained
below:

1. Genus Syracosphaera (Figure 3A,C, O)

Caneosphaera Gaarder in Gaarder & Heimdal,
1977

Gaarderia Kleijne, 1993

Description: Syracosphaera has two flanges that
look like placolith

Locality in the core BS36: This genus of
Syracosphaera at Andaman Sea occurred in 4
samples, intermittent occurrence down the core.

Remarks: Proximal coccolith of Syracosphaera is
characterized by a central wall and three shields
(Perch-Nielsen, 1985).

Distribution: -

2. Genus Helicosphaera (Figure 3B.1, Q)
Helicosphaera Kamptner, 1954

Description: Helicosphaera is a bolt-like coccolith
and its sub-genus can be identified by the presence/

Table 1. List of nannoplankton assemblage at core BS36

Nannoplankton/ 0 10 25 35 45 55 65 85 | 100 | 115 | 130 | 150 | 165 | 175 | 190
Depth (cm)

Emiliania 1 1 2 1 2 1

Gephyrocapsa 3 1 1 1 2 1 7 1 3 1 1
Helicosphaera 2 1 1 1
Craticulithus 2 1

Calciosolenia 1 1 1

Calcidiscus 1

Reticulofenestra 1 1

Florisphaera 1

Discosphaera 1

Syracosphaera 1 2

Umbilicosphaera

Calcareous Nannoplankton (marine algae) Analysis in Subsurface Sediments of Andaman Sea 93
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Table 2. Other list of nannoplankton assemblage at core BS36

Depth (cm)

Nannoplankton/ 220 | 235 | 250 | 265 | 280 | 300 | 320 | 330 | 340

Emiliania

Gephyrocapsa 1

Helicosphaera 1

Craticulithus

Calciosolenia

Calcidiscus

Reticulofenestra

Florisphaera

Discosphaera

Syracosphaera 1

Umbilicosphaera

absence of separate bars, bar orientations and
flange shape

Locality in core BS36: Occurred in 7 samples,
intermittent in the upper part of the core.

Remarks: Helicosphaera species can be
distinguished by their outline, by the presence or
absence, shape and size of the terminal flange, or
by details of the fine structure and/or angle of the
central bridge (Perch-Nielsen, 1985).

Distribution: Helicosphaera spp. occurred in high
nutrient condition of well-mixed upper water
column at South Atlantic and Soutern Ocean
(Boeckel et al., 2006). Helicosphaera seem most
commonly and consistently in hemipelagic
sedimen and are not found in pelagic sediments;
they are restricted to or seem to prefer upwelling
areas (Perch-Nielsen, 1985).

Genus Gephyrocapsa (Figure 3D,G,K)
Gephyrocapsa Kamptner, 1943

Description: Gephyrocapsa is found to have a
distinctive bridge in the middle that characterized
this genus. Such slits are also found in species of
Gephyrocapsa.

Locality in core BS36: This genus is the most
common genus at Andaman Sea, which occurred
along the core until 320 cm.

Remarks: Two species of Gephyrocapsa are
commonly used for biostratigraphic purpose: G.
caribbeanica with First Occurrence (FO)/ (base
CN13b) and Gephyrocapsa oceanica appears in
base CN14 (Perch-Nielsen, 1985).

Distribution: Gephyrocapsa have dominated in the
Atlantic Ocean, with the exception of tropical areas
where various other species reach high abundances
(MclIntyre & Bé, 1967; Okada & Honjo, 1973).

Marfasran Hendrizan, et al.

Species of Gephyrocapsa included Gephyrocapsa
oceanica dominating the flora in marginal seas
along the western Pacific (Okada, 1983).

Genus Calciosolenia (Figure 3E)
Anoplosolenia Deflandre, 1952;
Scapholithus Deflandre 1954

Description: Calciosolenia is a coccosphere with
trapezoid murolith and longitudinal bars in central
area.

Locality in core BS36: Calciosolenia was
distributed in 2 samples of 85 and 130 cm.

Remarks: Coccosphere with rhombic muroliths
(scapholiths); monomorphic or dimorphic is placed
in a separate genus ( Deflandre, 1952; 1954).
However, the coccolith structure of the two species
is identical and their affinity is not in dispute
(Young et al., 2003); therefore these two species of
monomorphic and dimorphic scapholiths are
included into one genus of Calciosolenia.

Distribution: Specimen of Calciosolenia was found
off North Carolina coast in a water depth below 75
m (Marshall, 1969).

Genus Discosphaera (Figure 3F, S)
Discosphaera Haeckel, 1894

Description: trumpet-like spines, where the
coccolith bases are broadly elliptical, with normal
rhabdosphaeraceae-type rim, radial and lamellar
cycles

Locality in core BS36: Discosphaera occurred in a
sample of 85 cm

Remarks: -
Distribution: -



Figure 3. Nannoplankton collection from SEM images which found in Andaman Sea. A, C, O. Syracosphaera; B, 1, Q.
Helicosphaera; D, G. K. Gephyrocapsa; E. Calciosolenia; F, S. Discosphaera; H. Reticulofenestra; J, R.
Umbilicosphaera; L. Florisphaera; M, N. Emiliania; P. Craticullithus; T. Calcidiscus
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Genus Reticulofenestra (Figure 3H)
Reticulofenestra Hay, Mohler & Wade, 1966

Description: Coccoliths with a circular to elliptical
outline, central-area open or closed; central area
grill delicate, but quite often preserved.

Locality in core BS36: Reticulofenestra was
discovered at 5 samples at the upper part and the
bottom part of the core.

Remarks: Typical Reticulofenestrawith a relatively
wide central area spanned by a net disappear in
Early Oligocene (Perch-Nielsen, 1985). The
species within Reticulofenstra are distinguished by
the overall size and by relative size of the central
opening, as well as by the relative width of the wall
(Perch-Nielsen, 1985). the genus Crenalithus has
often been used as a synonym of small
Reticulofenestrain modern and Quaternary studies
(Young et al., 2003).

Distribution: -

Genus Umbilicosphaera (Figure 3J,R)
Geminilithella Backman,1980;
Cycloplacolithella Haq, 1980

Description: Umbilicosphaera is a round shaped
with small opening in the central part (1/3 or less of
coccolith diameter).

Locality in the core BS36: This genus occurred
only at the bottom part of the core

Remarks: -

Distribution: -

Genus Florisphaera (Figure 3L)
Florisphaera Okada & Honjo, 1973

Description: Florisphaera is formed from several
coccolith plates arranged in a rectangle structure
with zig-zag form in the shorter side.

Locality in core BS36 : This genus is only found at
a sample of 115 cm

Remarks: -

Distribution:  Florisphaera species especially
Florisphaera profunda was found in the Atlantic
and the Pacific tropical to transitional watermasses
(Okada & Bukry, 1977 in Perch-Nielsen, 1985

Genus Emiliania (Figure 3M, N)
Emiliania Hay & Mohler, in Hay et al., 1967

Description: the coccolith with T/I shape or slits
occur between all distal shields, however it is not
always in proximal shield, the size of Emiliania is
very small between 2 and 4 pm.

Marfasran Hendrizan, et al.

Locality in core BS36: one of dominant genus
occurred in 9 samples between depths of 35 and
300 cm.

Remarks: Emiliania is differentiated with
Pseudoemiliania by occurrences of slits on the
distal shield; Pseudoemiliania has only slits
between some of the shield elements rather than T-
or I-shaped elements (Perch-Nielsen, 1985).
Emiliania in these study areas shows several types
of slits dispersion with I- and T-shaped in the distal
shield; some specimen has a close gap of slit
features.

Distribution: Emiliania were found in the
Capricorn basin in areas of a water depth above 40
m and dominated the assemblage to more than 95%
in areas between the coast and 60 km offshore
(Heckel, 1973).

10. Genus Craticullithus (Figure 3P)
Craticullithus Brown, 2010

Description: Craticullithus is a placolith that is
characterized by wide central extensive central area
with mesh-like structure.

Locality in core BS36: this genus occurred only in
2 samples at the upper part of the core.

Remarks: this genus is a Rare specimen,
spherical,and monomorphic coccospheres (Gibbs
et al., 2014

Distribution: -
11. Genus Calcidiscus (Figure 3T)
Calcidiscus Kamptner, 1950

Description: Calcidiscus is characterized by
circular or sub-circular; central area closed or
with narrow opening.

Locality in core BS36: Calcidiscus only found at 1
sample of 130 cm.

Remarks: Coccoliths have circular to sub-circular
outline. Proximal shield is characterized by
birefringent, distal shield non-birefringent with
curved sutures, and shields easily separated.

Distribution: ~ Calcidiscus  is  cosmopolitan
coccolithopore (Renaud et al., 2002). Specific
species of Calcidiscus live in the coastal areas of
Lisbon bay (Silva et al., 2009).

CONCLUSION

Qualitative identification of sediment core at
Andaman Sea yields 11 nannoplankton genus based on
taxonomy and detailed morphological description of of
the marine algae, especially calcareous nannoplankton
using Scanning Electron Microscope (SEM) images.



Our finding shows the importance of SEM images in
nannofossil study. Nannofossils that are commonly
found in Andaman Sea are Gephyrocapsa, Emiliania,
and Helicosphaera. Those dominant nannoplankton
shows several features of Gephyrocapsa, Emiliania, and
Helicosphaera appear at Andaman Sea.
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