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Abstract 

The diatom flora of the shallow lakes in border among Telaga Pengilon and Telaga Warna is poorly known. This study 

focuses on the composition of diatom assemblage in order to know the diversity and dominancy pattern for paleolimnological 

study. Total 103 taxa was observed, dominated by Eunotia formica 12,27%, Eunotia tropica 9,9%, Pinnularia gibba 4,3% 

and Frustulia saxonica 4,9%. Based on dominant species Eunotia formica occurring among the epiphyton and found in 

standing or slow-flowing dystrophic to olig

bilunaris var. linearis about 14,50% and it was commonly found in acidic, flowing or standing waters with 

lowest diversity index represent at 102cm indicate

Dieng area surronded by mountain area also has 31 eruptive history. The results of this research mention that in the border 

area has influence from both lakes so the pH fluctuated. 

Pengilon. 
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Introduction 

The vegetation and environmental history around Dieng

largely unknown until the end of 19
th

 century with research 

about creater lakes in Dieng from Van Bergen

Dieng is second highest plateau in the world after Nepal at 

about 2094 meter above sea level
1-4

. Dieng

characteristic with many freshwater ecosystems around that area 

such as lakes, creater (hydrothermal), valley, water spring and 

Vulcan complex
5
. The presence of fresh water is really 

important for irrigation source because Dieng plateau is a ri

agricultural area for potatoes, cabbages, tomatoes and other 

vegetables
2
. Pengilon and Warna lake were located in Dieng, 

Furthermore, these habitats are characterized by specific 

ecological conditions, which enable the development of 

characteristic diatomic microflora that is specialized for pH 

fluctuations. The pH of Warna was fluctuated depends on 

seasonal variations about 2.2-5.35 and during the dry season, the 

pH reached 1. Another, Pengilon lake has pH about 2

Research about lake really important because lake sediments 

provide primary archives containing important information 

about past environment. 

 

Diatom well known as Bacillariophyta characterized by a silica 

impregnated cell wall called frustule and the most common 

benthic primary producers that abundant in all aquatic habitat, 

the ornamentation from diatom's cell wall makes it easy for 

identification
8-10

. Diatom consider to be useful indicator of 

environmental change both in neo and paleolimnological study 
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The diatom flora of the shallow lakes in border among Telaga Pengilon and Telaga Warna is poorly known. This study 

focuses on the composition of diatom assemblage in order to know the diversity and dominancy pattern for paleolimnological 

axa was observed, dominated by Eunotia formica 12,27%, Eunotia tropica 9,9%, Pinnularia gibba 4,3% 

and Frustulia saxonica 4,9%. Based on dominant species Eunotia formica occurring among the epiphyton and found in 

flowing dystrophic to oligotrophic waters with specific pH 5.6-7,4. But, in the top soil dominated by Eunotia 

bilunaris var. linearis about 14,50% and it was commonly found in acidic, flowing or standing waters with 

lowest diversity index represent at 102cm indicated that there is no diatom recorded, it caused by volcanic activity because 

Dieng area surronded by mountain area also has 31 eruptive history. The results of this research mention that in the border 

area has influence from both lakes so the pH fluctuated. Overall, diatom assemblages were similar to those Warna and 

arna, Pengilon. 

The vegetation and environmental history around Dieng were 

century with research 

about creater lakes in Dieng from Van Bergen
1
. Basically, 

Dieng is second highest plateau in the world after Nepal at 

. Dieng has unique 

characteristic with many freshwater ecosystems around that area 

such as lakes, creater (hydrothermal), valley, water spring and 

. The presence of fresh water is really 

important for irrigation source because Dieng plateau is a rich 

agricultural area for potatoes, cabbages, tomatoes and other 

Pengilon and Warna lake were located in Dieng, 

Furthermore, these habitats are characterized by specific 

ecological conditions, which enable the development of 

omic microflora that is specialized for pH 

fluctuations. The pH of Warna was fluctuated depends on 

5.35 and during the dry season, the 

pH reached 1. Another, Pengilon lake has pH about 2.52-7.9
6-8

. 

mportant because lake sediments 

provide primary archives containing important information 

Diatom well known as Bacillariophyta characterized by a silica 

impregnated cell wall called frustule and the most common 

ucers that abundant in all aquatic habitat, 

the ornamentation from diatom's cell wall makes it easy for 

. Diatom consider to be useful indicator of 

environmental change both in neo and paleolimnological study 

because the silica preserved in the sediment and diatoms are 

extremely sensitive to many environmental variables, including 

light, pH, moisture, temperature, velocity, oxygen, salinity, and 

inorganic nutrients (carbon, phosphorus, nitrogen, silica, metal), 

organic carbon and organic nitrogen

is to enhance our understanding of diatom assemblages in 

border between Pengilon and Warna.

 

Materials and methods 

The study of the area is located on the Dieng Central Java in the 

border of Pengilon and Warna La

S07
o
12.904" E109

o
54.894" about 2088 meter above sea level. 

Stratigraphy sediment collection was obtained only from border 

area in Pengilon Lake, the three different location was selected 

for physical measurement, water quality was also checked w

multiple water checker. Temperature, pH, conductivity were 

recorded, stratigraphy sediment was collected with corer from 

50-160cm length. 

 

In the laboratory, digestion methods using Soeprobowati et al

modified from Battarbee
14

 the sample was either cl

acid digestion. Each sample was sliced and weighed about 1 gr, 

then digest with 50ml HCl 10% heat on a hotplate about 90

a fume cupboard until all organic material has been oxidized 

about 2 hours. Wait for 24 hours then removed acid and w

in 50ml distilled water these process repeat for several times. 

After repeated rinse, add the sample with 50ml H

heat again for 2 hours long, decant off supernatant and repeat 
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The diatom flora of the shallow lakes in border among Telaga Pengilon and Telaga Warna is poorly known. This study 

focuses on the composition of diatom assemblage in order to know the diversity and dominancy pattern for paleolimnological 

axa was observed, dominated by Eunotia formica 12,27%, Eunotia tropica 9,9%, Pinnularia gibba 4,3% 

and Frustulia saxonica 4,9%. Based on dominant species Eunotia formica occurring among the epiphyton and found in 

7,4. But, in the top soil dominated by Eunotia 

bilunaris var. linearis about 14,50% and it was commonly found in acidic, flowing or standing waters with pH 2.8-3.5. The 

d that there is no diatom recorded, it caused by volcanic activity because 

Dieng area surronded by mountain area also has 31 eruptive history. The results of this research mention that in the border 

Overall, diatom assemblages were similar to those Warna and 

in the sediment and diatoms are 

extremely sensitive to many environmental variables, including 

light, pH, moisture, temperature, velocity, oxygen, salinity, and 

inorganic nutrients (carbon, phosphorus, nitrogen, silica, metal), 

itrogen
11-13

. The aim of this study 

is to enhance our understanding of diatom assemblages in 

border between Pengilon and Warna. 

The study of the area is located on the Dieng Central Java in the 

border of Pengilon and Warna Lake with coordinate 

54.894" about 2088 meter above sea level. 

Stratigraphy sediment collection was obtained only from border 

area in Pengilon Lake, the three different location was selected 

for physical measurement, water quality was also checked with 

multiple water checker. Temperature, pH, conductivity were 

recorded, stratigraphy sediment was collected with corer from 

In the laboratory, digestion methods using Soeprobowati et al
7
 

the sample was either cleansed using 

acid digestion. Each sample was sliced and weighed about 1 gr, 

10% heat on a hotplate about 90
0
C in 

a fume cupboard until all organic material has been oxidized 

about 2 hours. Wait for 24 hours then removed acid and washed 

in 50ml distilled water these process repeat for several times. 

After repeated rinse, add the sample with 50ml H2O2 10% and 

heat again for 2 hours long, decant off supernatant and repeat 
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washing process at least four times in order to clean diatom 

frustules and removed CaCO3
7-9,14,15

. 

 

The cleaned valves were mounted onto slides with Naphrax and 

observed at 1000x magnification, to assess relative 

representation of all algae group 400 individual from each 

sample were counted, the identification process mainly using 

Gell et.al.
9
, Sonneman et al.

16
, Taylor et al.

11
, Krammer and 

Bertalot
17-19

. The Shannon Winner, Species Richness and 

Dominance Index, Bryan Curtis correlation were calculated to 

measures community structure and performed using PAST, A 

nonparametric test, for eample Kruskal Wallis as used to 

analysis of variance between each sample and Mann Whitney 

was used to compre means of Species richness, Shannon, 

dominancy. Based on Jongman et al.
20

 and Bere
21

 assuming that 

normality rarely happened in the nature for environmental study 

and nonparametric test help to avoid the distortion. 

 

Results and discussion 

The values of physical variables measured in the site location 

during the study period are shown in Table-1. The pH slightly 

down near Warna site, it caused by the influence from Telaga 

Warna that has pH around 3 
1
. Soeprobowati T.R.

6
 reported that 

pH in Warna slightly down and fluctuated depend on seasonal 

variation. pH in Telaga Pengilon varied about 6.8-7, the mean 

value of pH showed slightly alkaline. However, the difference 

in pH among the three sites described below was not statiscally 

significant. 

 

Table-1: Physical characteristic of Pengilon Lake. 

 Site 1 Site 2 Site 3 

Coordinate 

S 07
0
12.903" 

E 109
0
 

54.934" 

S 07
0
12.973" 

E 109
0
 

54.040" 

S 07
0
12.904" 

E 109
0
 

54.894" 

Elevation 2086 asl 2077 asl 2088 asl 

pH 6.7 7.9 7 

Conductivity 70 120 120 

Turbidity 30 50 50 

Temperature 

(celcius) 
19,8 20,2 21,5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: Map of study area
22

. 
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A total 103 diatom species belonging to 25 genera that are 

distributed among the genus Achanthes, Achantidium, 

Brachysira, Chamaepinullaria, Cocconeis, Cymbopleura, 

Denticula, Diploneis, Encyonema, Eunotia, Fragillaria, 

Frustulia, Gomphonema, Hantzschia, Luticula, Navicula, 

Neidium, Nitzschia, Peronia, Pinnularia, Rhopallodia, 

Sellaphora dan Stauroneis. Of the 103 species were observed 

(Table-2) only 10 species were consider as the dominant (>2% 

abundance). Eunotia highly dominant with 53,2% abundance, 

the percent abundance of Pinnularia about 16%. Five genera 

contribute about 81,7% total abundance, these were Eunotia 

with 53,2%, Frustulia 6%, Navicula 2,4%, Nitzhia 4,1% and 

Pinnularia bout 16%. Every site was dominated by one to five 

species with relative abundance >10%. The most common 

abundant species was Eunotia formica (Ehrenberg) about 

12,2%. Other common taxa included in assemblages 

composition such as Eunotia tropica (Husdtedt), 

gibba (Ehrenberg), Frustulia saxonica (Rabenhorst), 

bilunaris var. linearis (Ehrenberg), Pinnularia hemipteriformis

(Krammer), Pinnularia viridiformis (Nitzsch).

 

Four diversity indices used were Dominance, Shannon Wiener, 

Simpson, Evenness to find out the interrelationship among the 

site (Table-2). Simpson index is used to access the dominance, 

Based on Shannon Winner index reported that a

site has high diversity index (0.06-3.8) and Dominant index 

about (0.02-0.5) also Evaneses index about (0.2

 

Shannon diversity and evenness (relative species abundance) 

presented small variation between all samples. The value of 

evenness around 0 indicated that only one species is dominance. 

Eunotia formed up 80% of the total organism, the abundance of 

this species with a resulting decrease Shannon index. We can 
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A total 103 diatom species belonging to 25 genera that are 

Achanthes, Achantidium, 

Brachysira, Chamaepinullaria, Cocconeis, Cymbopleura, 

Denticula, Diploneis, Encyonema, Eunotia, Fragillaria, 

Frustulia, Gomphonema, Hantzschia, Luticula, Navicula, 

Neidium, Nitzschia, Peronia, Pinnularia, Rhopallodia, 

Stauroneis. Of the 103 species were observed 

2) only 10 species were consider as the dominant (>2% 

abundance). Eunotia highly dominant with 53,2% abundance, 

the percent abundance of Pinnularia about 16%. Five genera 

ndance, these were Eunotia 

with 53,2%, Frustulia 6%, Navicula 2,4%, Nitzhia 4,1% and 

Pinnularia bout 16%. Every site was dominated by one to five 

species with relative abundance >10%. The most common 

(Ehrenberg) about 

2,2%. Other common taxa included in assemblages 

(Husdtedt), Pinnularia 

(Rabenhorst), Eunotia 

Pinnularia hemipteriformis 

(Nitzsch). 

Four diversity indices used were Dominance, Shannon Wiener, 

Simpson, Evenness to find out the interrelationship among the 

2). Simpson index is used to access the dominance, 

Based on Shannon Winner index reported that all of stratigraphy 

3.8) and Dominant index 

0.5) also Evaneses index about (0.2-1). 

Shannon diversity and evenness (relative species abundance) 

presented small variation between all samples. The value of 

ness around 0 indicated that only one species is dominance. 

Eunotia formed up 80% of the total organism, the abundance of 

this species with a resulting decrease Shannon index. We can 

see from our results that the diversity and evenness in this site 

from the 80cm are much higher than another site about 3.8 

(Figure-2).  This site has 87 taxa as a greater number of species 

present, the individuals in the community are distributed more 

equitably among these species. Site 80 was different among 

each site, the species richness, diversi

with another, the site was charactherized by 

 

The lowest diversity is shown in site 102cm with 0.69. The 

lowest Eveness is site 60 about 0.28. This site has several 

species tolerant. Different levels of disturbance have different 

effects on diversity, both of sides are dominated with Eunotia 

but in the site 102-110cm only 6 taxa that represent there are 

fewer than another site, no diatom recorded in this zone only 

broken frustule. According to the Evenness’s index the value 

range from 0.2-1, it indicated that species are not evenly 

distributed. The species compotition changed about 0.6312 

based on Whittaker beta diversity. Beta diversity was used to 

analysis diversity species along environmenta

 

Based on Kruskal-Wallis analysis the result is no significant 

difference between each site with (p>0.05) it caused by each site 

have same dominant species, based our result 

and Eunotia tropica were the dominant species (Figure

Mann Whitney pairwise comparison of species was significa

high (Kruskal-Wallis, p>0,05) on every site (Table

significant difference between site was observed. However, 

broken frustule from 6 species found in site 102cm, and these 

value significantly low than another site, indicated that the 

diatom assemblages had disturbance factor from environment. 

These site totally difference with another site based on diatom 

abundance. Further analysis was needed to investigate the 

difference each site. 

Figure-2: Diversity Index. 

88 96 102 110 122 130 138 144 150
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see from our results that the diversity and evenness in this site 

e 80cm are much higher than another site about 3.8 

2).  This site has 87 taxa as a greater number of species 

present, the individuals in the community are distributed more 

equitably among these species. Site 80 was different among 

ecies richness, diversity were higher compared 

with another, the site was charactherized by Eunotia tropica. 

The lowest diversity is shown in site 102cm with 0.69. The 

lowest Eveness is site 60 about 0.28. This site has several 

levels of disturbance have different 

effects on diversity, both of sides are dominated with Eunotia 

110cm only 6 taxa that represent there are 

fewer than another site, no diatom recorded in this zone only 

the Evenness’s index the value 

1, it indicated that species are not evenly 

distributed. The species compotition changed about 0.6312 

based on Whittaker beta diversity. Beta diversity was used to 

analysis diversity species along environmental gradient
23

. 

Wallis analysis the result is no significant 

en each site with (p>0.05) it caused by each site 

have same dominant species, based our result Eunotia formica 

were the dominant species (Figure-2). 

parison of species was significantly 

Wallis, p>0,05) on every site (Table-3). No 

significant difference between site was observed. However, 

broken frustule from 6 species found in site 102cm, and these 

ificantly low than another site, indicated that the 

had disturbance factor from environment. 

These site totally difference with another site based on diatom 

Further analysis was needed to investigate the 
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Simpson
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Telaga Warna and Telaga Pengilon was similar based on 

dominance species, both of lakes were dominated with Eunotia 

and Pinnularia species, even though the charactheristic between 

the lakes are different. Telaga Warna extremely acidic lake with 

ph around 3 and rich of sulfure, Telaga Pengilon actually alkali 

lake with clear water. Soeprobowati et al.
6
 reported 8 species 

Eunotia and 6 species Pinnularia, from these research Telaga 

Pengilon was dominated Eunotia with 28 taxa followed by 

Pinnularia 17 taxa. Eunotia is a large genus that comprises 

around 200 species, Eunotia has biggest world-wide distribution 

area, many species are restricted to tropical areas
24,25

. 

 

Eunotia formica most dominant in all samples except in the top 

sediment. Other common species were Eunotia monodon var. 

tropica, Eunotia zygodon, Frustulia saxonica, Eunotia sulcata, 

Pinnularia gibba, Pinnularia viridiformis, Pinnularia viridis 

with percent abundance ≥2% were distributed frequently. 

Mostly dominance species in each stratigraphy is Eunotia 

formica, the characteristic of Eunotia formica are valves lunate 

dorsiventral and symmetrical to the transapical axis. Apices are 

weakly capitate, with acutely rounded to cuneate ends. The 

main characteristic is the central valves bigger than apical with a 

more or less pronounced it. Ecology reference occurring among 

the epiphyton and found in standing or slow-flowing dystrophic 

to oligotrophic waters with specific pH 5.6-7,4
11

. 

 

The most frequently ditom species had a generally widespread 

distribution. The layer relatively less diversity and species 

richness were characterized by 102. On the another hands, every 

site relatively similar with diversity around 3. But the 

composition of diatom abundance slightly different between 

upper layer and bottom layer. The upper layer was domiinated 

by Eunotia bilunaris var.linearis (Figure-3). Basically, Eunotia 

bilunaris is acid species with pH 2,8-3,5. The result indicated 

that the water around telaga warna and Pengilon mixtured 

during rainy season, the sampling site actually located in the 

area between Telaga Warna and Pengilon. Dieng has average 

rainfall quite higher around 3,217.5mm/year, wet months start 

from September to March. 

 

Kihara et al
26

 reported that there were 11 taxa Eunotia species in 

the Yakumogahara Moor in the Mountain Range Japan. Another 

year Kirara et al
27

 reported that Eunotia species Yakumogahara 

Moor increased became 19 taxa, but Eunotia proportion has 

lower than previous research in the high Moor of Honshu. 

Puusep et al.
28

 reported that Eunotia was dominant in the Lake 

Ķūzi, Vidzeme Heights (Central Latvia) around the lakes 5300-

2500 cal. BP and its facilitated acidification process of the soil 

sediment. Hobbs et al
29 

reported that in the Beowulf Spring, 

Yellowstone America is dominated by Eunotia. Eunotia rea/lly 

abundance in Indonesia because large genus that comprises 

around 200 species and more than 100 Eunotia were found in a 

tropical area. Eunotia well distributed around the world because 

their ability to tolerate with environmental condition such us 

large pH range about 2,9-8
30-32

. 

 

Table-2: Mann Whitney pair wise comparison of species site. 

 
0 60 66 74 80 88 96 102 110 122 130 138 144 150 

0 
 

0,67 0,89 0,89 0,67 0,67 0,67 0,89 0,89 0,89 0,67 0,89 0,67 0,89 

60 0,67 
 

0,67 0,67 0,67 0,89 0,89 0,89 0,67 0,89 0,67 0,67 0,67 0,67 

66 0,89 0,67 
 

0,89 0,89 0,67 0,67 0,67 0,89 0,67 0,89 0,89 0,89 0,89 

74 0,89 0,67 0,89 
 

0,89 0,67 0,67 0,89 0,89 0,89 0,89 0,89 0,89 0,89 

80 0,67 0,67 0,89 0,89 
 

0,67 0,47 0,67 0,89 0,67 0,89 0,89 0,89 0,89 

88 0,67 0,89 0,67 0,67 0,67 
 

0,89 0,89 0,67 0,89 0,67 0,67 0,67 0,67 

96 0,67 0,89 0,67 0,67 0,47 0,89 
 

0,89 0,67 0,67 0,67 0,67 0,67 0,67 

102 0,89 0,89 0,67 0,89 0,67 0,89 0,89 
 

0,89 0,89 0,89 0,89 0,47 0,67 

110 0,89 0,67 0,89 0,89 0,89 0,67 0,67 0,89 
 

0,67 0,89 0,89 0,89 0,89 

122 0,89 0,89 0,67 0,89 0,67 0,89 0,67 0,89 0,67 
 

0,67 0,67 0,67 0,67 

130 0,67 0,67 0,89 0,89 0,89 0,67 0,67 0,89 0,89 0,67 
 

0,89 0,89 0,89 

138 0,89 0,67 0,89 0,89 0,89 0,67 0,67 0,89 0,89 0,67 0,89 
 

0,89 0,89 

144 0,67 0,67 0,89 0,89 0,89 0,67 0,67 0,47 0,89 0,67 0,89 0,89 
 

0,89 

150 0,89 0,67 0,89 0,89 0,89 0,67 0,67 0,67 0,89 0,67 0,89 0,89 0,89 
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Figure

 

The most interesting result from this result is Eunotia tropica 

has highest abundance than Eunotia tropica 

Vietnam
29

, Previous study from Hudstedt Eunotia tropica was 

found in Toba lake (Sumatra, Indonesia) and Borneo 

(Kalimantan, Indonesia). In Java, Eunotia tropica was found in 

Telaga Warna and Rawa Pening just lower abundance. 

Morphologhy of Eunotia tropica almost similiar 

Eunotia zygodon but Eunotia tropica more longer and widely 

round apical, while the length of valvae of 

shortheer and narrow in the apical. 

 

Conclusion 

The difference about ecology factor between Pengilon Lake and 

Warna lake has an influence of taxa diatom with tolerant of pH 

fluctuation. Based on cluster analysis the zonation between 

topsoil and another stratigraphy show that the habitat its further 

subdivided spatially (Figure-3). Another anal

dominant species between each stratigraphy similar except 

topsoil, Based on the domination index the highest value is 

dominated by Eunotia and Pinnularia. 
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Figure-3: Diatom abundance in Telaga Pengilon. 
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