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Abstract— The research was carried out on the sediment of Middle Bandung Basin. Samples were taken from a depth of 20 meters to
10 meters, each meter a taken sample for analysis. The characteristics of the sample are greenish grey clay deposits with remnant
plant material. Research aims to identify climate change based on palynological data from the Pleistocene-Holocene Boundary. The
resulting of radiocarbon dating (14C), shows that age of the sample from the 18 m depth around 11820 years BP. Separation of pollen
from sediment used an acetolysis method. Palynomorphs are grouped according to their habitat that related to vegetation zone, i.e.,
lowland forest zone, submontane forest zone, lower montane forest zone, riparian/open herbaceous swamp vegetation, freshwater
algae, and Aquatic plant. The composition of pollen shows a succession of vegetation that reflection of climate changes. From
Pleistocene-Holocene boundary at least has been recorded seven times of the shift vegetation zone that is evidence of climate change.
The oldest sample at 20 m depth is the coldest temperature occurred in zone one at a depth of 20-19 meters that was dominated by
lower montane forest vegetation; the event was around Late Pleistocene. The opposite condition occurred in zone seven at 10 meters
depth; temperature becomes warmer that indicated by disappears of pollen submontane forest and dominated by lowland forest
pollen similar to the current condition. Climate change is also reflected by fluctuations the quantity pollen of open herbaceous swamp
vegetation.
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oceanic crust in Java, which includes the activities of the
. INTRODUCTION magmatic arc of central Java and volcanism. Depression

The significant climate changes have been done duringré@ched to ;he (;naxmu:]n in the Late PI'chn? aﬂd
the Quaternary period which associated with the last glacialQuaternary boundary, when magmatic occurred in the

ice. The Late Glacial interval, corresponding to the last middle of the Bandung Zone that the fqrmed dome arc
deglaciation periods that caused climate change [1], [2]'volcano. The events of structural depression that form the

Events of the ice age lasted is about 11,000 -12,000 year?andung basin were the controls to t.he formation of lakes
ago. Although Indonesia is in a wet tropical region with a!"d Swamps [7]. [8]. Th_e study area in Rancasan at a sub-
characterized by of two seasons of drought and rainy, butdIStrICt level Bandung City. Thg location is at an _al'utude O.f
some research evidence shows the existence of climat®/0 Masl. The type of vegetation at that altitude included in
change during that period. The paleoecological and the lowland forest vegetation. The lowland tropical

paleoclimate change from Rawa Danau west Java duringramforeSt_ grows  at _elevat|ons less _than 1.000 masl,
Late Quaternary [3]. Climate change can be assessed b)9haracter|zed by humid and W?rm condition, with a mean
pollen analysis [3]-[6], and the lake is the perfect location annual temeerature of 24.4 C°, the range of temperature
for this research. The sedimentation in the lake is relatively 200Ut 21-30°C [9], [10].

more stable than in the sea; lake has lower energy levels than

the ocean due to there is not influenced by tidal activity like Il. MATERIAL AND METHOD

on the sea. The main difference between the faces of marine Samples were taken at coordinates “40737.79" E and
and lacustrine is the range of depth that affects the06°57'52.20"S, in the middle part of Bandung Basin Fig.1and
development of surface waves and limits the distribution of Fig.2, it was drilled from 20 to1l0 meters depth, and each
textures [4]. The history of the formation of the Bandung meter was taken 10 grams of sediment for pollen analysis, so
Basin is a product of tectonic events in the subduction ofthere were 11 samples.
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Quarternary Geological Map of The Bandung Basin
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Fig. 2 Quaternary Geological Map of Bandung basin [13] red star is research location sample

The acetolysis method used for separate pollen is frommsal and subalpine/ericoid scrub forest at 3000-3600 masl
sediment and others material. Chemicals for acetolysis arg12]. Pollen identification refers to several studies [13]-[16]
sulfuric acid, glacial acetic acid, and acetic anhydride — — palynomorphs from the lake and surrounding that areas
chloride acid for removing calcium, potassium hydroxide for were grouped into four types, i.e. riparian and open
removing of humic acid and hydrofluoric acid for removing herbaceous swamp, aquatic vegetation plant, Pteridophyta
of silicate. Description and identification of pollen used and freshwater algae. Carbon datifif] was taken at 18 m
transmission microscope binocular CX 21 LED. The pollen depth of sample core.
of forest vegetation was grouped according to their habitat.

Zone of forest vegetation in West Jave divided into five, i.e., [ll.  RESULT AND DISCUSSION
the submontane forest at 1000-1400 masl, lower montane ; : .
! Sediment sample is dominated by gray clay,
forest | at 1400-1800 masl, lower montane forest Il at 1800- ot ;
2400 msl, upper montane forest/ericoid forest at 2400_3ooocharacterlst|cs of each sample are shown in Table 1
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TABLE 1.
CHARACTERISTICS OFSEDIMENT

No | The depth of| Characteristics
the sample
(m)
1 20 greenish grey clay (5Y 4/2) with a gravel-
sized fragment
2 19 greenish grey clay (5Y 4/2), homogenous
3 18 greenish grey clay (5Y 4/2), homogenous
4 17 greenish grey clay (5Y 4/2), homogenous|
5 16 greenish grey clay (5Y 4/2), homogenous|
6 15 greenish grey clay (5Y 4/2), homogenous|
7 14 greenish grey clay (5Y 4/2), homogenous
8 13 greenish grey clay (5Y 4/2), homogenous|
9 12 greenish grey clay (5Y 4/2), with gravel-
pebble-sized and remnants plant which fpre
roots and dried leaves
10 11 greenish grey clay (5Y 4/2), with a gravel-
sized fragment
11 10 greenish grey clay (5Y 4/2), with a gravel-
sized fragment

The result of carbon dating from 18 m depth is about
11,820 + 220 years BP. The composition of pollen was not
only shown pollen which produces by aquatic plant and
lowland forest but also from montane forest vegetation (Fig.
3). Pollen that came from lowland forest produced by the
plant which inhabitant at an elevation below 1000 meters
which consist ofDipterocarpus, Cycas, Elaeocarpus and
some species from Euphorbiaceae. Vegetation of
submontane forest zone occupies at elevation 1000-1400 m
consist ofQuercus, Castanopsis, Altingia exelsa, Celtis and
Cupressus. While pollen of lower montane forest was
dominated by Podocarpus neriifolius, Podocarpus
imbricatus, Casuarina yunghuniana, Engelhadrtia, and
Thuya. Riparian group plant dominated by Araceae,
Cyperaceae, Asteraceae. The riparian vegetation grow:
between the aquatic and the terrestrial ecosystem, which is
transition zone or semiterrestrial environment — the most
Araceae has grown along river flows [17]. The riparian
pollen is generally from herbaceous and was found in high
number. Aquatic plant dominated Biypha angustifolia,
Nymphoides sp, and Eichorrnia crassipes. Based on pollen
dominant could divide into seven type vegetation as follow:

A. Lower Montane Forest Zone

At interval 20-19 m depth, the lower montane forest
pollen was highest which dominated Byuya Orientalis
Taxodium, and Alnus followed by pollen from submontane
forestQuercus andCastanopsis. In this zone, lowland forest
pollens the lowest in quantity. Air temperature at the lower
montane forest in West Java is about 13.0°C [12]. The
condition showed at that time air temperature was more
refreshing because based on the position of elevation plac
at 670 msal generally inhabited by a plant of lowland
tropical rainforest. The data annual temperature average a
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SSalabintana Submontane forest down to date
Preridium aquilinum is a Pteridophyta that grows in

the Bandung Basin is about 23.7 °C [18]. The cold condition
was occurring before 11820 years BP, slightly older than
that, at the position of samples were deeper 1-2 m than the
position of the carbon dating sample. The sedimentation of
the sample at that 20 m depth could be around the last ice
age event so that the effect of the last ice age in the
Pleistocene-Holocene boundary is reflected in the pollen
record. In this zone pollen of open herbaceous swamp &
Riparian was dominated, at that time the culmination of the
development of it.

Contrary to pollen from the aquatic plant in thabheavas
not well developed, it could be related to cold of air
temperature which makes the lake's water surface was
shrinking Fig.3 and Fig 4. That condition supported by
Type Angustifolia pollen, which is a wetland species which
grows well in shallow marshes, lakes, and ponds. The most
common type ofPteridophyta found here isPlatycerium
bifurcatum; it grows in dry and cold conditions. The
data illustrate that the temperature at that time was cold and
dry, and the body of waters in the lake was shallow.

B. Submontane Forest Zone-1st

In the interval a depth of 18 to 17 meters, the quantity of
submontane forest pollen increases that replaced the pollen
of lower montane forest. The presenceGaftanopsis and
Quercus take the place ofPodocarpus imbricatus and
Podocarpus neriifolius pollens, beside it in this zone found
Pinus merkusii and Celtis sp. Pinus merkusii in West Java
grows in the lowland forest until submontane forest zone.
The species is the only member of the geRusus that
crosses the equator [19], the area characterized by annual
climate is always warm and humieltis sp come from
submontane forest zone type-1, which grows at 1000-1400
masl. Until nowPodocarpus neriifolius grows in the same
zone as the Bukittunggul mountain, that is located in the
north part of Bandung [20{astanopsis andQuercus are the
genus of Fagaceae which are important plants in the sub-
montane forest zone in West Java, both of them exist in the
[9]. The

mountain forest to the subalpine zone; it is the most common
type of spore here. The change of plant type composition of
lower montane forest to the submontane forest is the
evidence of an increase in temperature from the previous,
this changes happened was about 11820 years BP, but it still
cooler than the current situation of Bandung basin. The
temperature of the submontane forest zone is 18.7°C [12]. At
that time the presence of freshwater algae and aquatic plant

increased too.

C. Lowland Forest Zone-1st

At a depth of 16m there is an anticlimax of pollen of
lower montane forest, so does the submontane forest

vegetation decreases drastically. The decreased pollen of

lower montane forest does not as much as lower montane

Ef)ollen. This indicates that the temperature conditions were

getting warm and moist. That fact supported by an increase
In riparian vegetation that previously decreased mainly
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Fig. 3 Pollen and spores

From the Araceae which grows optimally in humid

conditions at temperatures ranging from 21-27°C [21], and E- Lowland Forest Zone-2ed

the most common pollen is a member of the Family Araceae. The existence of pollen lower montane forest zone covers
Increasing of air temperatures clearer at a depth of the 15 mil3- 12 m depth. The composition of pollen at 13 m depth
samples caused the pollen from the lowland forest waswas dominated by lowland tropical rainforest followed by
increased significantly, so it could be said that forest submontane and lower montane forégaucaria sp was the
condition has reentered the lowland forest zone which most pollen in this position. The shift of the forest vegetation
characterized by founBipterocarpus sp and Araucaria sp. from the submontane to the lowland forest indicated the
Genus Dipterocarpus often found in altitudes range 800 - temperature rise from 18.7°C to be 21-30°C. [9], [10]. Pollen
1000 masl. Polypodium is the most common genus of of open herbaceous swamp vegetation dominated by
Pteridophyta that found in this zone; it has good adaptability Polygonum barbatum. Athyrium esculentum is the most

so doesn't specifically indicated of temperature and humidity.commonly Pteridophyta which found here, it grows in
In general, lowland tropical rainforest develops at an averagevalleys on the banks of rivers, in protected areas and wet, on
temperature of 21-30°C [9], [10]. It is the factthat time soils rich in organic matter, can live from a height of 350-
temperature is warmer than before. The increase of1600 maslEntering the 12 m depth both submontane forest
temperature caused the open herbaceous swamp vegetaticgtnd lower montane forest pollen was decreasing

more developed than before. significantly, which reinforces the fact of increasing
temperature Fig.5. At this depth found pollen of
D.  Submontane Forest Zone-2ed Elaeocarpus, Cycas, and Dipterocarpus, that are
After a significant rising in temperature, at a depth of 14 characteristic of plants from the tropical lowland rainforest.
m, the guantity pollen of submontane forest The pollen of aquatic plants consistsNyimphaea alba and

increases dramaticallyas a sign of a decrease inOttelia alismoides; both are typical of a shallow water pond
temperature, followed by decreased lowland forest pollen. or lake. The Isosceles is shallow water fern that is the type of
Castanopsis, Quercus from Submontane forest dominated Pteridophyta. All species are reflecting a shallow water
this zone followed byPodocarpus imbricatus, Taxodium sp, environment of the lake.
from the lower montane forest, at that time a temperature
change which causes the change of plant structure from
lowland forest to submontane forest, the air temperature The pollen of the lower montane forest increased
returns to around 18.7°C. In many placémdocarpus significantly followed by submontane forest pollen. The data
imbricatus found growing from an altitude of 1800 masl are evidence that plants developing in this zone are plants of
[22]. Altingia exelsa also found which characteristics of this lower montane and submontane forest. The phenomenon
zone in West Java [12], [23]. The existence of that specieswas caused by climate change that indicated the decrease in
until now can be found in Gede Pangrango mountain, Westtemperature from about 23-28°C become 13-18.7°C, that
Java [9]. Pollen of aquatic plant which dominant in this cooler than before, At a sample depth of 11 m, the
depth isPistia stratiotes, it grows well in clean water lake, Podocarpus was genus increased significantly than
this species indicated that the lake environment in that timepreviously, especially thBodocarpus neriifolius that grows
was right. Platycerium bifurcatum one species of on the lower montane forest, while the open herbaceous
Pteridophyta which dominated in this zone, these data wasswamp vegetation has not undergone significant changes.
proved that the temperature was cooler and drier than beforeQuercus sp and Castanospis argentea which came from
submontane forest found in few quantities.

F. Lower Montane Forest Zone-2®
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Castanopsis argentea one of indigenous species in Java
Island has an essential role in mountain ecosystems; thi<>- Lowiand Forest Zone 3rd
species grows optimally at 1500 masl [24}copodium This is a critical zone at 10-meter depth for changes in
phlegmaria andSalvinia natans are Pteridophyta members vegetation composition. The pollen from the submontane
present in this zond.ycopodium phlegmaria is a fern of the  forest disappears altogether, and the pollen from the

epiphytic type that is very drought resistant, whe&shgna lower montane forest that has previously dominated was
natans are floating ferns, especially in shallow and stagnant declined sharply, whereas the pollen from the lowland forest
water. this is same as pollenMymphoides indica which the increased significantly from the fewest number in zone six

plant characterized by growing in shallow, stagnant water become dominant in this zonRinus merkusii found in this

and edges of lakes, can adapt until up to 1900 masl, thos@one; it is a type of plant that grows well in the lowland and

data illustrate that water surface of the lake was shallow ~ submontane forest zonesMicrolepia strigosa is a
pteridophyte with a widespread from lowland until

2508



submontane forest zone in the wet area, the existence of it
indicates that the condition was humid, similar\Vidtaria
elongata is an epiphytic fern in trees, living in a humid 4
environment, spreading from an altitude of 5-1050 masl,
very commonly found in the lowland forest zone. The pollen
of aquatic plants consists ddymphaea alba and Ottelia
alismoides; both are typical of a shallow water pond or lake.
Pollen of open herbaceous swamp vegetation decreased, gs]
well as aquatic pollen has decreased significantly. In this
position, the air temperature was similar to the current
condition at the temperature of the lowland forest zone with
an average of 23.7°C [12]. Such conditions correspond to thg7]
climatic data of a Statistical Agency of Bandung City which
record from 2015. The average of humidity was 74,5% and (8]
range of temperatures 23.20°C-24.50°C [20].
(9]
V.
Based on an analysis of the composition and quantity of
pollen of forest plants, herbaceous pollen, Pteridophyta
spores and freshwater algae, known that climate changeélo]
have occurred. From depth interval 20-10m it is found 19
seven shifted of forest zones, two times lower montane
forest, two times submontane forest and three times lowland
forest. It is evidence of climate change. The fact of climate (12]
change is supported by fluctuations in the quantity of aquatic
pollen, composition of open herbaceous swamp vegetation[13]
and Pteridophyta spores. The coldest conditions occurred in
the first zone, at 20 -19 meters depth, based on carbon datin&‘”
the event more than 11800 years BP ago, may be due to thgg
effects of the last glacial that occurred in the late Pleistocene
was an ongoing process. The warmest temperature occurreti6l
at 10 meters depth which similar to the current condition. 17]
Based on recorded of aquatic pollen plants and freshwatel[
algae, there were changes of lake water level.

CONCLUSIONS

(18]
ACKNOWLEDGMENT

We would like to sincerely thank the Rector of
Universitas Padjadjaran who has provided financially for our (19]
research by HIU-RKDU program. Many thanks to two
anonymous labor for their assistance during research at
Paleontology Laboratory. We also put into words our [20]
gratitude to two anonymous students who have helped us[Zl]
taking and preparing the samples.

REFERENCES

J. T. Faith and T. A. Surovell, “Synchronous extinction of North
America’s Pleistocene mammals$toc. Natl. Acad. ci., vol. 106,

no. 49, pp. 20641-20645, 2009. [23]
C. Zimmermann, G. Jouve, R. Pienitz, P. Francus, and N. |. Maidana,
“Late Glacial and Early Holocene cyclic changes in paleowind
conditions and lake levels inferred from diatom assemblage shifts in
Laguna Potrok Aike sediments (southern Patagonia, Argentina),” [24]
Palaeogeogr. Palaeoclimatol. Palaeoecol., vol. 427, no. 4, pp. 20-31,

Jun. 2015.

S. van der Kaars, D. Penny, J. Tibby, J. Fluin, R. A. C. Dam, and P.
Suparan, ‘“Late Quaternary palaeoecology, palynology, and

22
(1] [22]

(2

(3

2509

palaeolimnology of a tropical lowland swamp: Rawa Danau, West-
Java, IndonesiaPalaeogeogr. Palaeoclimatol. Palaeoecal., vol. 171,

no. 3-4, pp. 185-212, 2001.

P. G. Sly, R. L. Thomas, and B. R. Pelletier, “Comparison of
sediment energy-texture relationships in marine and lacustrine
environments,’Hydrobiologia, vol. 91, no. 1, pp. 71-84, 1982.

R. S. Thompson and K. H. Anderson, “Past climate and vegetation
changes in the southwestern United Statésgéssed June, vol. 8, p.
2007, 2005.

Y.-F. Yao, X.-Y. Song, A. H. Wortley, Y.-F. Wang, S. Blackmore,
and C.-S. Li, “Pollen-based reconstruction of vegetational and
climatic change over the past~ 30 ka at Shudu Lake in the Hengduan
Mountains of Yunnan, southwestern ChinB|’0S One, vol. 12, no.

2, p. e0171967, 2017.

M. A. C. Dam, “The late Quaternary evolution of the Bandung basin,
west Java, IndonesiaThesis VU Amsterdam, 1994.

F. Safrina and L. F. Winantris, “Fluktuasi Muka Air Danau Bandung
Purba, Berdasarkan Data Palinomorf pada Daerah Derwati, Bandung,
Jawa Barat.”

M. M. Dahlan, Istono, and C. Wibowo, “Structure and Distribution of
Rasamala ( Altingia excelsa Noronha ) and Jamuju ( Dacrycarpus
imbricatus Blume de Laub .) in Gunung Gede Pangrango National
Park . Case Study of Cimande and Selabintana Reki$BAR, vol.

40, no. 1, pp. 1-14, 2018.

D. Y. P. Tnget al., “Vegetation and floristics of a lowland tropical
rainforest in northeast AustralisBlodivers. data J., no. 4, 2016.

S. Bronto and U. Hartono, “Potensi sumber daya geologi di daerah
Cekungan Bandung dan sekitarnyladones. J. Geosci., vol. 1, no. 1,

pp. 9-18, 2006.

J. R. Flenley, “Late pleistocene and holocene vegetation of West Java,
Indonesia,”Palaeogeogr. Palaeoclimatol. Palaeoecol., vol. 111, pp.
182-183, 1994.

J. H. McAndrews, A. A. Berti, and G. Norris, “Key to the Quaternary
pollen and spores of the Great Lakes region,” 1973.

T.-C. Huang, “Pollen flora of TaiwanTaipei, Taiwan UP vi, 297p..

Keys Geog, vol. 2, 1972.

T.-C. HuangSpore flora of Taiwan (Pteridophyta). National Taiwan
Univ., 1981.

K. Faegri, P. E. Kaland, and K. Krzywinskiextbook of pollen
analysis,, no. Ed. 4. John Wiley & Sons Ltd., 1989.

M. A. C. Dam and P. Suparan, “Peta geologi kuarter cekungan
Bandung.” Pusat Penelitian dan Pengembangan Geologi, Bandung,
Indonesia, 1992.

I. Gumilar, H. Z. Abidin, L. M. Hutasoit, D. M. Hakim, T. P. Sidiq,
and H. Andreas, “Land Subsidence in Bandung Basin and its Possible
Caused Factors,Procedia Earth Planet. Sci., vol. 12, pp. 47-62,
2015.

A. Susilowati, H. H. Rachmat, and I. Z. Siregar, “Genetic diversity of
resin yielder Pinus merkusii from West Java-Indonesia revealed by
microsatellites marker,” inlOP Conference Series; Earth and
Environmental Science, 2018, vol. 122, no. 1, p. 12060.

Badan Pusat Statistik Kota Bandung, “Kota Bandung Dalam Angka,”
2016.

B. A. Nugroho and Y. Santika, “Exploration and Inventory of
Araceae Genera in Silui Mountain and Uluisimbone Forest, Kolaka
Regency, South-East Sulawedjbdiversitas, J. Bial. Divers,, vol. 9,

no. 4, pp. 288-291, Oct. 2008.

R. G. A. Bramasto, “Penyebaran, regenerasi dan karakteristik habitat
jamuju (Dacrycarpus imbricatus Blume) di Taman Nasional Gede
Pangarango,” Institut Pertanian Bogor, 2008.

S. Susiarti and M. Rahayu, “Diversity of Indonesian Medicinal Plant
in The lowland Forest, Bodogol and Its Surrounding of Mount Gede-
Pangrango National Park, West Java,”|®P Conference Series:

Earth and Environmental Science, 2018, vol. 166, no. 1, p. 12021.

N. M. Heriyanto, R. Sawitri, and D. Subandinata, “Kajian Ekologi
Permudaan Saninten (Castanopsis argentea (Bl.) A. DC.) di Taman
Nasional Gunung Gede Pangrango, Jawa BaBat, Plasma Nutfah,

vol. 13, no. 1, pp. 34-42, 2016.





