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ABSTRACT

Diatomite Sangiran is diatom fossil rich sediment. The aim of this research was to study the diversity of fossil
diatoms from Sangiran, Indonesia based on morphological characteristics. Samples were taken from lower, middle,
and upper sediment layers based on their different physical features with three replications each. Diatomite
extraction was performed following modification of Setty (1966) and frustule counting was accomplished by census
method. There were total 50 species found in diatomite layers. The diversity analysis showed that highest species
richness (21-22), diversity (1.35-1.47), and evenness index (0.44-0.48) were belong to the lower layer. The highest
frustule abundance (9.66x107-1.43x10® frustules/gram) and dominance index (0.67-0.72) were belong to the
middle layer. On the other hand, highest centrales:pennales ratios (0.73-1.11) were belong to the upper layer. The
sediment layers signified an obvious indication of gradual changes from marine to freshwater environment.
Dendrogram analysis using MINITAB.v.15.1.2 software denoted similarity between lower sediment layer and the
younger layers was 72.12%; while similarity between middle and upper layers 92.63%.
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ABSTRAK

Diatomite Sangiran merupakan sedimen yang kaya fosil diatom. Tujuan penelitian ini adalah menganalisis
keanekaragaman fosil diatom dari Sangiran, Indonesia berdasarkan karakteriktik morfologis. Sampel diambil dari
lapisan bawah, tengah, dan atas berdasarkan ciri fisik yang berbeda dengan masing-masing tiga ulangan. Ekstraksi
diatomite dilakukan mengikuti modifikasi metode Setty (1966) dan penghitungan frustul dilakukan dengan metode
sensus. Total 50 spesies ditemukan dari ketiga lapisan diatomire. Analisis keanekaragaman menunjukkan kekayaan
spesies (21-22), indeks keanekaragaman (1.35-1.47), dan keseragaman (0.44-0.48) tertinggi dimiliki oleh lapisan
bawah. Kelimpahan frustul (9.66x107-1.43x10® frustul/gram) dan indeks dominansi (0.67-0.72) tertinggi dimiliki
oleh lapisan tengah. Rasio centrales:pennales (0.73-1.11) tertinggi dimiliki oleh lapisan atas. Lapisan-lapisan
sedimen tersebut mengindikasikan perubahan lingkungan secara berkala dari laut menjadi tawar. Analisis
dendrogram menggunakan software MINITAB.v.15.12 menunjukkan kemiripan lapisan bawah dengan dua lapisan
yang lebih muda adalah 72.12%, sedangkan lapisan tengah dan atas mempunyai kemiripan sebesar 92.63%.

Kata Kunci: diatom, diatomite, keanekaragaman, morfologi, Sangiran

INTRODUCTION of two orders, Pennales (bilateral symmetry) and
Centrales (radial symmetry). External box-like skeleton

Diatom is a group of unicellular golden brown  (frustule) of diatom comprise of two overlapping silica
algae inhabiting light-exposed zones of entire aqueous  valves. Classification of diatoms is based on frustule

and semi-aqueous environments. Diatom consist ~ shape and patterns-types of surface ornamentation
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such as pores, areolae, spines, ridges, etc. (Barron
1987). Dead diatom frustules form sediments at
the base of their habitats (lake, river, sea, ocean,
etc). These sediments still existed million years
later and become diatomite through fossilization.

Color indicates purity of diatomite. White
represents high purity of diatomite. Diatomite color
is commonly off-white to gray, it is rarely black.
Diatomite can be further described as chalk-like,
soft, friable, and very finely porous or very low in
density (floating on water until saturated) (Moyle
& Dolley 2003). According to Soeprobowati ez al.
(2010), diatoms can be fossilized as diatomite because
their silica contents are more than 90%. Diatomite
in Indonesia can be found at majority of fossil-
rich sites, such as Sangiran.

Fossil-rich site of Sangiran, known as Sangiran
Dome, is located in Central Java Province, 12-20
km north of Solo City. A series of mud volcano
eruptions made the Dome’s center breached out.
The Dome is subdivided into four formations:
Kalibeng, Pucangan, Kabuh, and Notopuro (Itihara
et al. 1985). Bettis et al. (2009) stated that nowadays
those formations are known as Puren, Sangiran,
Bapang, and Pohjajar. Research by Itihara er al.
(1985) showed that diatoms can be found at Sangiran
(Pucangan) Formation. Bettis ez 4/ (2009) and
Bettis ez al. (2004) studied the age of Sangiran
Formation using “°Ar/*Ar analysis resulting that
the age is between 1.66 and 1.90 + 0.02 million years.

Knowledge about diatom deposition in
sediment has many applications and uses, such as
for indication of petroleum deposit (Smol and
Stoermer 2010). Diatoms preserved in marine sediments
are commonly used to reconstruct paleoenvironments
and paleoceanographic events for Holocene and
Quaternary (Jordan & Stickley 2010). Van Den
Hoek e al. (1995) stated that diatom fossil assemblages
can be used to determine whether the sediments
are of marine or non-marine origin. To achieve this,

of course, it must be assumed that species had the
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same ecological preferences in the past that can be
observed today.

Many research in Sangiran focused on molluscs,
foraminiferans, vertebrates, and hominids fossils.
However, focused research on morphological
identification and diversity analysis of diatom fossil
are rare and the publications are difficult to be found.

The objective of this research was to study
diversity of diatoms fossil from Sangiran, Sragen,
Central Java, Indonesia based on the morphological
characteristics and to estimate sedimentation

process of the diatomite.
MATERIALS AND METHODS

This research was conducted on January-July
2013. Diatomite samples were taken from Pablengan
-Krikilan Village, Sangiran Dome, Sragen Regency,
Central Java, Indonesia. Preparation of samples
and slides was conducted in Microtechnique Laboratory
of Biology Department, Faculty of Mathematics
and Natural Science, Bogor Agricultural University,
Indonesia. Sample identification and counting was
conducted in Biomikro 1 Laboratory of Department
of Aquatic Resources Management, Faculty of
Fisheries and Marine Science, Bogor Agricultural
University, Indonesia.

Samples were taken from lower, middle, and
upper diatomite layers from Sangiran Formation
(Figure 1). The layers were differentiated based on
their physical features. The lower layer is a grey-
dark diatomite with high hardness because it were
mixed with other sediment of Sangiran Formation.
The middle layer is a white and less hard diatomite,
showing that this layer has high purity of diatom.
The upper layer is a white-brownish and less hard
diatomite mixed with alluvial sediment.

Samples taken from the three layers were
prepared following modification of Setty (1966).
Those samples were dried overnight at 125°C in an

oven and then cooled to room temperature. After
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drying and cooling, sample from lower layer were
seperated because of its high hardness. Samples from
upper and middle layers were taken out 200 mg
cach and added with 33 mL 7.5% hydrogen peroxide
(H,O,) using beaker glass 250 mL. This procedure
was conducted in afume hood. Samples were
boiled for 10 minutes in a hot waterbath. After samples
were cooled, 200 mL distilled water were added
to the samples and allowed to stand for 24 hours.
Supernatant were carefully discarded prior to
addition of 33 mL 12.5% hydrochloric acid
(HCI). The suspension were boiled back for 7.5
minutes. After boiling and cooling, 200 mL
distilled water were added before letting back to
stand for 24 hours. Supernatant were carefully
discarded and 200 mL distilled water were added
for 24 hours. Following that, 33 mL 12.5% nitric
acid (HNO,) and 200 mL distilled water were
added and stood back for 24 hours. Before the
supernatant were discarded and the residual
samples were transferred carefully into 1.5 L
beaker glass. Finally, 1.1 L distilled water were added
to the residue and let to stand for 24 hours. This
last step was repeated 5 times.

The extraction procedure for the lower layer

was different, particularly in terms of the acid

N

Figure 1. Diatomite Layers of Sangjran Structure of diatomite
sediment layers: (a) upper diatomite layer, (b)
middle diatomite layer, (c) lower diatomite layer,
(d) other part of Sangiran Formation.

liquid for lower layer sample were hydrogen
peroxide (H,0O,) 15% for 20 minutes, hydrochloric
acid (HCI) 25% for 15 minutes, and nitric acid
(HNO;) 25%. The remaining steps were the same
as the upper and the middle layer above.

Slides were prepared following modification
of Setty (1966). The residue of the prepared
sample was mixed with distilled water 40 mL. Then,
0.05 mL suspension were deposited on cover glass
and dried on hot plate. This volume represented
0.025 mg of the sediments. Then, a very small
drop of entellan mounting medium was added on
each corner of cover glass and patched carefully
on labeled object glass. Three cover glasses from
each sample were prepared as replications.

Diatom identification was completed using
Prescott (1954), Yamaji (1966), Desikachary (1986,
1988, 1989). Counting was carried out using census
method. Frustules in fair condition (seen at least >
50% of the original shape) and poor condition
were counted differently to reduce error counting
(fair frustule was counted as 1 and poor frustule as
1/2). Then, the obtained data of two counting
processes were merged into one data. Because
each replication represented 0.025 mg of the
sediment, number of frustule per gram were
acquired by formula:

Number of frustule per gram = counting
result x 40000

Frustule observation was completed using
Primo Star iLED microscope and AxioCam ERc
5s microscope camera at 400x magnification power.
Images of the observed diatoms were captured using
Axio Vision Rel. 5.8 software.

Data from identification and counting result was
analyzed according to number of species, abundance,
diversity, and evenness index using Shannon-
Wiener diversity index, and dominance index
using Simpson dominance index (Dash 2001).
Ratios of number of centrales:pennales (c:p) were

analyzed following Cooper (1995).
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According to Wilhm and Dorris (1968),
values of diversity index using In function are divided
into 3 categories, i.e low (H’< 2.3026), moderate
(2.3026< H’< 6.9078), and high (H’>6.9078)

The value of evenness index lies between 0
(minimum evenness) and 1 (maximum evenness)
(Dash 2001).

Near zero value is obtained when numerous
species are present and maximum value 1 is in the
case of complete dominance (Dash 2001).

Dendrogram based on similarity among each
sediment layer was constructed using MINITAB.
v.15.1.2. Used variable of similarities were species

and its average frustule density.
RESULTS

Lower Diatomite Layer

Lower diatomite layer contained the largest
number of species among the layers. Total 34 number of
species, ranging from 21-22 species per replicate,
were found from lower diatomite layer (Table 1).
Figure 2 shows that lower diatomite layer has
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Middle Diatomite Layer
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species per replicate found from middle diatomite
layer (Table 1). Figure 3 shows that middle
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Figure 2. Diatom species and frustule amount found at lower diatomite layer of Sangiran Formation
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Table 1. List of diatom species from lower, middle, and upper diatomite layers.

Morphological Identification and Diversity Analysis of Fossil Diatoms

Species

Lower

Middle

Upper Species

Lower

Middle Upper

Amphora sp.

Caloneis sp.

Cocconeis scutellum
Coscinodiscus biangulatus
Coscinodiscus bulliens
Coscinodiscus curvatulus
Coscinodiscus kutzingi
Coscinodiscus lineatus
Coscinodiscus radiatus

Coscinodiscus rothii

Mastogloia ovata
Mastogloia quinquecostaia
Navicula anglica
Navicula compressicauda
Navicula directa
Navicula grippii
Navicula mannii
Navicula spl.

Navicula sp2.

Navicula sp3.

+

+

+

+

Coscinodiscus subtilis + + Navicula sp4. + + -
Cyclotella sp. + + Nitzschia acuta + + +
Cymatodiscus planetophorus - + Nitzschia antartica + + +

Denticula sp.

Nitzschia cocconeiformis

Diploneis crabro - - Nitzschia granulata - + -
Diploneis gemmatula + + Nirzschia paradoxa + - +
Diploneis gruendlerii - + Nitzschia sp. + - -
Diploneis smithii + + Pinnularia yarrensis + + +

Diploneis suborbicularis
Fragilaria spl.
Fragilaria sp2.
Gephyra media
Gramatophora merletta
Gyrosigma balticum

Lycmophora sp.

Progonoia sp.
Pseudoeunotia doliolus
Rhopalodia sp.
Schuettia annulata
Stictodiscus argus
Surirella sp.
Trachyneis sp.

0.68-0.77; while the evenness index ranged from
0.22-0.27. Dominance index of the layer ranged
from 0.67-0.72. Ratios of c:p from this layer ranged
from 0.57-0.80.

Upper Diatomite Layer

There were 26 number of species with 14-19
species per replicate found from upper diatomite
layer (Table 1). Figure 4 shows that upper diatomite
layer has Fragilaria spl. as the most abundant
species with average frustule amounted to
2.37x107 frustules/gram followed by Cyclotella sp.
as the second with average frustule amounted to
1.55x107 frustules/gram. The layer had diatom
abundance, counted by total frustule per replicate,

ranging from 4.49x107-1.19x10° frustule/gram.

The diversity index ranged from 1.03-1.11; while
the evenness index ranged from 0.35-0.42.
Dominance index of this layer ranged from 0.41-
0.45 and ratios of c:p ranged from 0.73-1.11.

DISCUSSION

Dendrogram of cluster variables of three
diatomite layers (upper, middle, and lower) was
constructed to show similarity among the layers.
Figure 5 shows that upper and middle diatomite
layers were closely similar in 92.63%. On the
other hand, lower diatomite layer was different
from two other layers with similarity 72.12%. It
indicates that the lower diatomite layer was

different from the younger layers.
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Figure 3. Species which has the most abundant frustules from middle diatomite layer: A) Fragilaria spl., B) Cosci-
nodiscus lineatus. Scale bars = 10 pm.
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Figure 4. Diatom species and frustule amount found at upper diatomite layer of Sangiran Formation.

Sedimentation  process always follows  the oldest. The layers could show different characters

superposition law. Upper layer is naturally formed ~ because of the differences in forming age.
last, consequently it is the youngest sediment Diatom fossil assemblages can be used to determine
compared to other layers (Soeprobowati 2010).  marine or non marine origin of the sediments

Given to this condition, lower diatomite layer is (Van Den Hoek er al. 1995). Lower diatomite layer
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Figure 5. Dendrogram of cluster variables of three

diatomite layers (upper, middle, and lower)

contained Coscinodiscus kutzingi as the most abundant
species and closely followed by Fragilaria spl.
According to Prescott (1954), most of Coscinodiscus
species belong to marine. Hasle ez al. (1996) stated
that most Fragilaria species belong to freshwater.
It means that lower diatomite layer origin could
be presumed as a mix environment of marine and
freshwater. Middle diatomite layer contained Fragilaria
spl. as the most abundant species and followed
distantly by Coscinodiscus lineatus. Therefore,
middle diatomite layer origin could be presumed
as freshwater slightly mixed with marine. Upper
diatomite layer contained Fragilaria spl. as the
most abundant species and Cyclotella sp. as the
second. Hasle ez 4l (1996) also stated that most
Cyclotella species belong to freshwater. Therefore,
upper diatomite layer origin could be presumed as
freshwater.

The existence of diatom can be described by
several approaches, such as diversity and richness.
Diversity indices usually consist of diversity, evenness,
and dominance index (Dash 2001 and Magurran
1988). This study revealed that order of layers
from least to highest in diversity and eveness index
were middle (0.68-0.77; 0.22-0.27), upper (1.03-
1.11;0.35-0.42), and lower layer (1.35-1.47;0.44-
0.48); which were considered to be low values.
The order in dominance index was lower (0.29-
0.32), upper (0.41-0.45), and middle layer (0.67-

0.72). Lower and upper layers were considered to
have low dominance, while middle layer has high
dominance. Frustule abundance of lower, upper,
and middle layers were 5.30x107-5.88x107, 4.49x107
-1.19x10%, and 9.66x107-1.43x10°%, respectively.
In species richness, the lowest was found in the
upper layer (26 species), followed by middle layer
(27 species), then lower layer (34 species). There
were total 50 species found from the three
diatomite layers. The light microscopic illustration of
all diatom taxa is in Figure 6, 7, and 8.

Ratios of centrales:pennales can indicate planktonic
or benthic habitats. Lower ratio indicates a tendency
to benthic habitat; in contrast, higher ratio tends
to be more planktonic habitat (Cooper 1995).
Lower diatomite layer has the lowest c:p ratios
(0.38-0.40), middle layer has ratios 0.57-0.80,
and upper layer has the highest ratios (0.73-1.11).
Therefore, order of layers based on habitats was
lower layer (more benthic), middle layer (more
benthic-planktonic), and upper diatomite layer
(more planktonic).

Each part of the diatomite layers from
Sangiran Central Java showed different characters.
This is an indication of environmental change.
First, lower layer is originated from more benthic
marine mixed with freshwater diatoms which has
the highest indices of diversity, evenness, and
species richness while it has lowest dominance
index and frustule abundance. Then, middle layer
was characterised by more benthic-planktonic
freshwater slightly mixed with marine diatoms
which has highest dominance index and frustule
abundance. Meanwhile, the middle layer has a fair
species richness but lowest in  diversity and evenness
index. Finally, upper layer contains more planktonic
freshwater diatoms with lowest species richness
but fair in diversity, evenness, dominance, and
frustule abundance. However, the dendrogram
show a high similarity between the upper and

middle layer comparing to the lower layer.
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Figure 6. Alphabetical list of diatom taxa from middle diatomite layer

Remarks: 1. Caloneis sp.; 2. Coscinodiscus biangulatus; 3. Coscinodiscus curvatulusi4. Coscinodiscus lineatus; 5. Coscinodiscus radiatus; 6.
Coscinodiscus rothii; 7. Coscinodiscus subtilis; 8. Cyclotella sp.; 9. Cymatodiscus planetophorus; 10. Denticula sp.; 11.  Diploneis gem-
matula; 12. Diploneis gruendlerii; 13. Diploneis smithii; 14. Diploneis suborbicularis; 15. Fragilaria spl.; 16. Fragilaria sp2.; 17.
Gephyra media; 18. Lycmophora sp.; 19. Navicula mannii; 20. Navicula spl.; 21. Navicula sp4.; 22. Nitzschia acuta; 23. Nitzschia
antartica; 24. Nitzschia granulata; 25. Pinularia yarrensis; 26. Stictodiscus argus; 27. Surirella sp. Scale bars = 10 pm

show a high similarity between the upper and
middle layer comparing to the lower layer.

Result shows an obvious indication of
environment change of sediments from marine to
freshwater. However, Itihara er 2/ (1985) stated

that Sangiran Formation is an allochthonous
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sediment. Allochthonous sediment is formed by
erosions of uplifted hinterland and the geological
materials (such as foraminifera and diatom) were
drifted and preserved in lowland (Zaim Y 15 July

2013, personal communication). Therefore, more
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Figure 7 Alphabetical list of diatom taxa from lower diatomite layer

Remarks: 1. Amphora sp.; 2. Caloneis sp.; 3. Cocconeis scutellum; 4. Coscinodiscus kutzingi; 5. Coscinodiscus lineatus; 6. Coscinodiscus radiatus; 7. Coscinodiscus
rothii; 8. Coscinodiscus subtilis ; 9. Cyclotella sp.; 10. Denticula sp.; 11. Diploneis gemmatula; 12. Diploneis smithii ; 13. Diploneis suborbicularis; 14.
Fragilaria spl.; 15. Gramatophora merletta; 16. Gyrosigma balticum; 17. Mastogloia ovata; 18. Mastogloia quinquecostata; 19. Navicula anglica; 20.
Navicula compressicauda; 21. Navicula directa; 22. Navicula grippii; 23. Navicula mannii; 24. Navicula spl.; 25. Navicula sp2.; 26. Navicula sp4.;
27. Nitzschia acuta; 28. Nitzschia antartica; 29. Nitzschia cocconeiformis; 30. Nitzschia paradoxa; 31. Nitzschia sp.; 32. Pinularia yarrensis; 33.
Progonoia sp.; 34. Trachyneis sp. Scale bars = 10 pm.
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Figure 8. Alphabetical list of diatom taxa from upper diatomite layer

Remarks: 1. Cocconeis scutellum; 2. Coscinodiscus biangulatus; 3. Coscinodiscus bulliens; 4. Coscinodiscus curvatulus; 5. Coscinodiscus linea-
tus; 6. Coscinodiscus radiatus; 7. Coscinodiscus rothii ; 8. Coscinodiscus subtilis; 9. Cyclotella sp.; 10. Cymatodiscus planetophorus; 11.

Diploneis crabro; 12. Diploneis smithii; 13. Diploneis suborbicularis; 14. Fragilaria spl.; 15. Fragilaria sp2.; 16.

Gramato-

phora merletta ; 17. Navicula anglica; 18. Navicula sp3.; 19. Nitzschia acuta ; 20. Nitzschia antartica; 21. Nitzschia paradoxa ; 22.
Pinularia yarrensis ; 23. Pseudoeunotia doliolus; 24. Rhopalodia sp.; 25. Schuettia annulata; 26. Surirella sp. Scale bars = 10 pm.

research is needed to analyze how the erosions

affecting the diatomite sedimentation.

CONCLUSION

A total of 50 species were found from

diatomite layers of Sangiran. Diversity analysis
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showed that highest species richness, diversity,
and evenness index were found in lower layer.
Highest frustule abundance and dominance index
were in the middle layer. However, upper layer
had the highest centrales:pennales ratios. The
obvious indication of

layers showed an

environment change from more benthic marine
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SUGGESTION

More

interpretation of diversity indices for fossil

study is necessary to analyze
diatoms. This is because most of diversity indices
interpretations are of modern and live plankton.
More research is also needed to analyze how
erosions of uplifted hinterland affecting the

diatomite sedimentation.

ACKNOWLEDGEMENTS

Special thanks are due to Prof. Yahdi Zaim
from Geology Department of Bandung
Technology Institute, Dr. David Williams from
Natural History Museum London, Dr Tri
Retnaningsih  from Biology Department of
Diponegoro University, Dr. Triadiati, Dra Taruni
Sri Prawasti MSi, Nina Ratna Djuita MSi. from
Biology Department of Bogor Agricultural
University and Mr. Bob Yuris Chandra, especially
Dr. Nurlisa A Butet who patiently edited the
writing. Sincerely thanks to all staffs of Sangiran
Museum, Microtechnique Laboratory, and
Biomicro 1 Laboratory of Aquatic Productivity

and Environment Division, for the great help.

REFERENCES

Barron, JA. 1987. Miocene to Holocene Planktic
Diatoms. Cambridge (GB): Cambridge
University Press.

Bettis, EA III, Zaim Y, Larick RR, Ciochon RL,
Suminto, Rizal Y, Reagan M, Heizler M.
2004. Landscape development preceding
Homo erectus immigration into Central
Java, Indonesia: the Sangiran Formation

Paleoclimatol,
doi:10.1016/

Lower Lahar. Paleogeogr,
206:115-131.
j.paleo.2004.01.016.
Bettis, EA III, Milus AK, Carpenter SJ, Larick R,

Zaim Y, Rizal Y, Ciochon RL, Tassier-

Paleoecol.

Surine SA, Murray D, Suminto ez a/. 2009.
Way out of Africa: Early Pleistocene
paleoenvironments inhabited by Homo
Java. |  Human
doi:10.1016/

erectus

Evol.56:11-24.

jhevol.2008.09.003.
Cooper, SR. 1995. Cheapsake Bay watershed

historical land use: impact on water quality

in Sangiran,

and diatom communities. Eco/ Ap. 5
(3):703-723.

Dash, MC. 2001. Fundamentals of Ecology. 2™ ed.
New Delhi (IN): Tata McGraw-Hill.
Desikachary, TV. 1986. Atlas of Diatoms: Marine

Fossil Diatoms from India and Indian Ocean

Madras (IN): Madras
Foundation.

Desikachary, TV. 1988. Atlas of Diatoms: Marine
Diatoms of The Indian Ocean Region.
Fascicle V. Madras (IN): Madras Science
Foundation.

Desikachary, TV. 1989. Atlas of Diatoms: Marine
Diatoms of The Indian Ocean Region.
Fascicle VI. Madras (IN): Madras Science
Foundation.

Hassle, GR, EE. Syvertsen, KA. Steidinger, &

1996. Identifying  Marine
Diatoms and Dinoflagellates. Tomas R,
editor. California (US): Academic Press,
inc.

Itihara, M, Sudijono, D. Kadar, T. Shibasaki, H.
Kumai, S. Yoshikawa, F. Aziz, T. Soeradi,
Wikarno, & AP. Kadar AP. 1985. Geologi
and  Stratigraphy of the Sangiran Area.

Science

Region.

K.Tangen.

[Bandung]: Geological Research and
Development Centre.

Jordan, RW, & CE. Stickley. 2010. Diatoms as
Indicators of Paleoceanographic events, in
Smol JP and Stoermer EF, editors, The
Diatoms: Aplications for the Envoronmental
and Earth Sciences. 2™ ed. Cambridge

(GB): Cambridge University Press.

257



Khustina et 4l.

Magurran, AE. 1988. Ecological Diversity and Its
Measurement. Cambridge (GB): Cambridge
University Press.

Moyle, PR, & TP. Dolley. 2003. Contributions
to industrial-mineral research. With or
without salt — a comparison of marine and
continental-lacustrine diatomite deposits.
Bull USGS. 2209(4):1-7.

Prescott, GW. 1954. The Freshwater Algae. lowa
(US): WMC Brown Company Publishers.

Setty, MGAP. 1966. Preparation and method of
study of fossil diatoms. J Micropaleo 12:511
-514.

Smol, JP, & EF. Stoermer. 2010. The diatoms:
Aplications for the environmental and earth

Cambridge (GB):

Cambridge University Press.

sciences. 2™ ed.

258

Soeprobowati, TR., & SD. Tandjung, Sutikno,
Hadisusanto S, Gell P. 2010. Stratigrafi
diatom danau

Rawapening: Kajian

paleolimnologi sebagai landasan
pengelolaan danau. Di dalam: Prosiding
seminar limnologi V; Bogor, 28 Juli 2010.
Bogor: Puslit Limnologi Lembaga Ilmu
Pengetahuan Indonesia (LIPI). him 102-115.

Van Den Hoek C, DG. Mann, & HM. Jahns
1995. Algae an Introduction to Phycology.
Cambridge (GB): Cambridge University
Press.

Wilhm, JL, & TC. Dorris. 1968. Biological
parameters for water criteria. Biosci 18
(6):477-481. doi:10.2307/1294272.

Yamaji, I. 1966. Hlustrations of The Marine Plankiwon of

Japan. Osaka (JP): Hoikusha Publishing



	5_Yuyu_rev.pdf
	Bakry,  F., N. Pa de la Reberdiere, S. Pichot & C. Jenny.  2007. In liquid medium colchicine treatment induces non chimerical doubled-diploids in a wide range of mono- and interspecific diploid banana clones.  Fruits 62(1): 3-12.


	6__Edi Mir-rev.pdf
	PENDAHULUAN

	BAHAN DAN CARAKERJA

	HASIL

	Struktur dan komposisi 

	Paling tidak 4 tipe vegetasi hutan terdeteksi di kepulauan Natuna Besar yaitu hutan pegunungan, hutan gambut, hutan kerangas, dan hutan bukit kapur. Kerapatan pohon di masing-masing tipe hutan bervariasi dari 353 sampai 622 individu / ha, dengan kerapatan tertinggi tercatat pada hutan kerangas dan terendah pada hutan pegunungan bagian atas (Tabel 1). 

	Gambar 5 dan Gambar 6 menunjukkan distribusi jumlah individu dan ukuran pohon, tercermin dalam luas bidang dasar, yang dihitung berdasarkan jumlah jenis pohon. Berdasarkan kedua gambar tersebut dapat dikatakan bahwa pohon-pohon besar hanya mewakili beberapa spesies, sedangkan individu-individu yang berukuran lebih kecil mengandung lebih banyak jenis.

	Tabel 1. Jumlah suku, jumlah jenis, kerapatan (K) dan luas bidang dasar (LBD) yang terdapat di setiap tipe hutan.

	Gambar 7. Indeks kesamaan antar tipe hutan dan petak dari pulau lain sebagai pembanding. (Bnk= Bangka; AB= Peg. Atas; CJ= Peg. Bawah ; DI= ; EG= Kars; Gambut; FH= kerangas).

	Tabel 3. Nilai penting suku rata-rata beberapa suku di daerah penelitian dan proporsinya di setiap tipe hutan.

	Nilai penting

	Tabel 4 . Nilai penting beberapa jenis utama pada setiap tipe hutan.

	dan Syzygium aemum yang pada tingkat suku merupakan yang paling utama, tetapi pada tingkat jenis hanya menduduki pada peringkat 2 dan 5. 

	PEMBAHASAN

	Struktur hutan

	Nilai penting suku

	Dari seluruh suku yang tercatat ada 3 suku yaitu Myrtaceae, Moraceae dan Euphorbiaceae yang terdapat pada semua tipe hutan dengan proporsi kerapatan dan ukuran pohon (tercermin dalam luas bidang dasar) yang bervariasi. Suku Myrtaceae dan Moraceae cenderung lebih melimpah dan dominan pada hutan pamah (gambut dan kerangas). Di lain pihak suku Euphorbiaceae hampir merata di semua tipe hutan, baik kerapatan maupun ukuran pohon. Keberadaan Euphorbiaceae nampaknya berkaitan dengan banyaknya jenis anggotanya yang mempunyai daya adaptasi terhadap berbagai kondisi lingkungan (cf Riswan, 1982) sehingga mampu tumbuh dan berkembang pada berbagai tipe hutan. Lima suku lainnya yang terdapat pada 4 tipe hutan yaitu Dipterocarpaceae dan Dilleniaceae cenderung melimpah dan dominan pada hutan pegunungan, sedangkan Fabaceae dan Clusiaceae melimpah pada hutan kars dan Lauraceae melimpah pada hutan pegunungan.

	 Nilai penting jenis

	DAFTAR PUSTAKA

	Alhamd, L. & Z. Fanani. 2005. Pola persebaran jenis tumbuhan di hutan dataran rendah desa Munse, P. Wawonii, Sulawesi Tenggara. Lap. Teknik. Pusat Penelitian Biologi-LIPI. hal. 40-46.

	Anwar, J. SJ.Damanik, N.Hisyam & AJ. Whitten, 1984. Ekologi Ekosistem Sumatera. Gajah Mada University Press,


	9-Fatimah-rev.pdf
	Fatimah1 TP. Priyatno1, SH. Fadlillah3, Hermanto3, M. Baroya1, Mahrup1, Wawan1, D. Sasongko3, Y. Suryadi1, & TS. Kadir2

	ABSTRACT

	INTRODUCTION


	10-Nik-rev.pdf
	INTRODUCTION

	MATERIALS AND METHODS

	RESULTS

	Figure 2.  Diatom species and frustule amount found at lower diatomite layer of Sangiran Formation 

	DISCUSSION

	CONCLUSION 

	SUGGESTION 

	ACKNOWLEDGEMENTS 

	REFERENCES


	12-Dewi-rev.pdf
	RESULTS

	Diversity of plant

	Diversity of medicinal plant

	Diversity of birds

	Diversity of mammals

	Diversity of herpetofauna

	Diversity of fish

	Diversity of insect

	Diversity of parasites of small mammal


	13-DIDIK-rev.pdf
	Aftab, T., M.M.A. Khan, M. Idrees, M. Naeem, & Moinuddin. 2011. Optimizing Nitrogen Levels Combined with Gibberellic Acid for Enhanced Yield, Photosynthetic Attributes, Enzyme Activities, and Artemisinin Content of Artemisia annua. Frontiers of Agriculture in China 5(1): 51-59.

	Andersen, F., N.M. Douglas, D. Bustos, G. Galappaththy, Gao Qi, M.S. Hsiang, R. Kusriastuti, K. Mendis, G. Taleo, M. Whittaker, R.N. Price, & L.Seidlein. 2011. Trends in Malaria Research in 11 Asian Pacific Countries: an Analysis of Peer-Reviewed Publications Over Two Decades. Malaria Journal 10:131-138.

	Duke, MV., RN. Paul, HN. Elsohly, G. Sturtz, & SO. Duke. 1994. Localization of Artemisinin and Artemisitene in Foliar Tissues of Glanded and Glandless Biotypes of Artemisia annua L. International Journal of Plant Science 155: 365372.

	Ferreira, JFS., JC. Laughlin, N. Delabays, & PM. de Magalhaes. 2005. Cultivation and Genetics Of Artemisia annua L. for Increase Production of The Antimalarial Artemisinin. Plant Genetic Resources 3(2): 206-229.

	Firdaus, R. 2008. Evaluasi Daya Hasil Artemisia (Artemisia annua L.) Hasil Mutasi di Dataran Tinggi, Dataran Sedang, dan Dataran Rendah. Skripsi. Departemen Agronomi dan Horti-kultura, Faperta IPB.

	Affecting Yield of the Antimalarial Drug Artemisinin. Science 327: 328-331. 

	Gusmaini & H. Nurhayati. 2007. Potensi Pengembangan Budidaya Artemisia annua L. di Indonesia. Perspektif6(2): 57-67. 

	Hartatik, W. & LR. Widowati. 2006. Pupuk Kandang. In Simanungkalit, R.D.M., D.A. Suriadikarta, R. Saraswati, D. Setyorini, & W. Hartatik (Eds).Pupuk Organik dan Pupuk Hayati. Balai Besar Sumberdaya Lahan Pertanian. Badan Penelitian dan Pengembangan Pertanian.

	Hause, B., W. Maier, O. Miersch, R. Kramell, & D. Starck. 2002. Induction of Jasmonate Biosynthesis in Arbuscular Mycorrhizal Barley Roots. Plant Physiology 130: 1213-1220. 

	Jha, P., M. Ram, MA. Khan, U. Kiran, Mahmooduzzafar, & MZ. Abdin. 2011. Impact of Organic Manure and Chemical Fertilizer on Artemisinin Content and Yield in Aretimisa annua L. Industrial Crops and Products 33: 296-301.

	Kapoor, R., V. Chaudhary, & AK. Bhatnagar. 2007. Effects of Arbuscular Mycorrhiza and Phosphorus Application on Artemisinin Concentration in Artemisia annua L. Mycorrhiza 17: 581-587.

	Keshavarzi, MHB. & SMM. Nik. 2011. The effect of Biological Fertilizer on Protein Content in Artemisia annua L. Leaves. Annals of Biological Research 2(5): 596-601. 

	Kjær, A., K. Grevsen, & M. Jensen. 2012. Effect of External Stress on Density and Size of Glandular Trichomes in Full-grown Artemisia annua, the Source of Anti-Malarial Artemisinin.  AoB PLANTS: 1-12. 

	Koide, RT. 1991. Nutrient Supply, Nutrient Demand, and plant Response to mycorrhizal Infection (Tansley Review). New Phytologist 117:365-386. 

	annua L.) According to the Altitude Variants. HAYATI 18(1): 16-20.  

	Lambers, H., JA. Raven, GR. shaver, SE. Smith. 2007. Plant Nutrient-Acquisition Strategies Change with Soil Age. Trends in Ecology and Evolution 23(2): 95-103. 

	Laughlin, JC., GN. Heazlewood, & BM. Beattie. 2002. Cultivation of Artemisia annua L. In C.W. Wright (eds): Artemisia: 159-195pp. Taylor and Francis, London.  

	Maes, L., FCW. van Nieuwerburgh, Y. Zhang, D.W.Reed, J. Pollier, S.R.F. van de Casteele, D. Inze, P.S.Covello, D.L.D. Deforce, & A. Goossens. New Phytologist 189:176–189. 

	Malik, AA., J. Ahmad, S. Suryapani, MZ. Abdin, S.R. Mir, & M. Ali. 2012. Volatiles of Artemisia annua L. as Influences by Soil Application of organic residues. Research Journal of Medicinal Plant 6(6): 433-440. 

	 Marschner, H. 1995. Mineral Nutrition of Higher Plants (second eds.). Academic Press. 

	Özgüven, M., B. Şener, I. Orhan, N. Şekeroğlu, M. Kirpik, M. Kartal, I. Peşin, & Z. Kaya. 2008. Effects of Varying Nitrogen Doses on Yield, Yield Components, and Artemisinin Content of Artemisia annua L. Industrial Crops and Products 27: 60-64.

	Rapparini, F., J. Llusiá, & J. Penuelas. 2006. Effect of Arbuscular Mycorrhizal (AM) colonization on Terpene Emissiion and Content of Artemisia annua L. Plant Biology 10: 108-122. 

	WHO. 2000. WHO Expert Committee Report on Malaria (Twentieht Report).  WHO Technical Report Series 892. 

	WHO. 2006. WHO announces pharmaceu-tical companies agree to stop marketing single-drug artemisinin malaria pills. WHO. 2008. World Malaria Report 2008. 

	Widyatmoko, D., TM. Ermayanti, AA. Lelono, & W. Rahman. 2013. Pengembangan Teknik Budidaya Artemisia annua L. dan Peningkatan Ploidi untuk Perbaikan Kandungan Bahan Aktif Artemisinin. Laporan Akhir Tahunan Kegiatan Kompetitif Tahun 2013. 

	Willcox, M., G. Bodeker. G. Bourdy, V. Dhingra, J. Falquet, JFS. Ferreira, B. Graz, H-M. Hirt, E. Hsu, PM. de Magalháes, D. Provendier, & CW. Wright. 2002. Artemisia annua as a Traditional Herbal Antimalarial. In Willcox, M., G. Bodeker, P. Rasoanaivo, J. Addae-Kyereme (eds): Traditional Medicinal Plants and Malaria. CRC Press. 43-59 pp. 

	Yeboah, S., R. Akromah, & C. Quansah. 2012. Organic and Inorganic Fertilizer Application on the Growth and Yield of artemisia annua L. in the Humid Tropics of Ghana. African Journal of Agricultural Research 7(2):177-182. 

	Zeng, Y., LP. Guo, BD. Chen, ZP. Hao, JY. Wang, LQ. Huang, G. Yang, XM. Cui, L. Yang, Z.X. Wu, ML. Chen, Y. Zhang. 2013. Arbuscular Mycorrhizal Symbiosis and Active Ingredients of Medicinal Plants: Current Research Status and Prospectives. Mycorrhiza 23(4): 253-265.


	16_rossa-rev.pdf
	Steel, RGD. & JH. Torrie.  1980.  Principles and Procedures of Statistics: a Biometrical 

	Approach. Second Edition. New York: McGraw-Hill Kogakusha.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





