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sampling stations where water samples were collected using the approach of
purposive sampling. Diatom found in both lakes are 36 species. In Lake Buyan found
28 species and in Lake Beratan found 17 species. There are eight species of diatoms
can be found in both of lakes. Melosira granulata species in Lake Buyan has the
highest percentage (18.1%) while in Lake Beratan the highest percentage is
Fragilaria tenera (30.5%). Denticula subtilis, D. tennuis, Fragilaria crotonensis, F.
tenera, Fragilaria sp., Navicula pupula, N. pygmaea and Pinnularia viridis is eight
species that can be found in both lakes. Among the eight species, Fragilaria sp. is the
species with the highest percentage.

1. Introduction

Diatoms are unicellular organisms. Diatom distribution range is very wide from marine to highlands waters (McLaughlin, 2012).
Diatom species mostly live as benthos in rocks, sand, silt and other organisms such as plants or aquatic animals. As plankton,
diatoms inhabit the surface of lakes, rivers, and seas (Buf & Bayer, 2002). Benthic diatoms are mostly Pennales order while the
pelagic ones mostly Centrales order (Hasrun et al., 2013) . As a microalgae organism, the size of diatoms are between 10-200
um with characteristic cell walls composed of silica that distinguish them from other unicellular organisms (Soeprobowati &
Hadisusanto, 2009).

Diatoms are producer organisms in aquatic ecosystems that need light to be able to carry out photosynthesis (Resosoedarmo et
al., 1985) (Nybakken Eidman, H. Muhammad., 1992). The existence of diatoms will be disrupted by water turbidity that prevents
light from penetrating water (Nybakken Eidman, H. Muhammad., 1992). Generally, diatoms will be in the limnetic zone
(Resosoedarmo et al., 1985). The condition of the aquatic environment influenced by the surrounding conditions, for example,
the source of water that flows into it. The conditions around the lake affect the chemical of water so that it will affect the presence
of diatom species. Human activities, especially agriculture, occur mostly around the lake.

Diatom species that are exclusive to particular bodies of water can be utilized to determine the location and cause of death of
drowning victims. When a person's body sinks or is drowned alive, the water will enter the lungs due to the process of breathing.
When water is inhaled, the diatoms in the water will enter the victim's body through the respiratory system. Therefore, diatoms
in the victim's body can be utilized as evidence to pinpoint the location of death (Peabody & Cameron, 2010).
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It is possible to determine the cause of death of a person whose body was discovered in water by studying diatoms in his body.
The similarity of diatoms species found in the waters where the victim's body was found provides evidence that the death of the
victim due to drowning. For example, if diatoms are found reach the bone marrow, It is possible to determine that the victim is
still alive when entering the water. because the diatom enters the lungs together with the inhalation water then follows the blood
stream to the bone marrow (Verma, 2013).

Diatoms species data in a water will greatly help the forensic analysis. The purpose of this research is to identify the
diatoms species in lakes Buyan and Beratan to provide a database of diatom species in the waters of the Bali Island.

2. Methodology

2.1. Water Sampling

Water sampling to determine the diatom species in lake Buyan and Beratan. Lake Buyan is located in the Sukasada sub_district
of Buleleng regency at an altitude of 1.210 m above sea level with an area of 3.9 km? and depth of 87 m. Lake Beratan is located
in Tabanan Regency, precisely in Baturiti District at an altitude of 1.231 m above sea level with a surface area of 3.85 km2, a
maximum depth of 20.0 m and an average depth of 12.8 m (Badan Pengendalian Dampak Lingkungan Wilayah II, 1998). Water
sampling conducted at 10 sampling stations on each lake (Fig. 1). Purposive sampling is used to collect water samples. Using a
bucket of up to 50 liters, collect surface water from the lake's edge around 2-3 meters away. Water is also taken in the middle of
the lake at a depth of 2-2.5 m using a paralon pipe at the top end given a tap. The water was filtered using a plankton net equipped
with a bottle. Sample bottle volume was 25 ml. Filtered water added 10 drops fixative Lugol and further observations were done
in the laboratory. At each sample site, water temperature, air temperature, turbidity, pH, and dissolved oxygen are recorded.

* Bu (Buyan Lake), ° Be (Beratan Lake)

2.2. Identification of diatoms

Diatoms observation was done in Animal Taxonomy Laboratory of Biology Study Program, Faculty of Mathematics and Natural
Sciences, Universitas Udayana. Observation method refers to (Purnomo et al., 2015), (Suartini & Junitha, 2016). Identification
of diatoms using morphological characteristics and determination of species refered to (Taylor et al., 2007), (Bellinger & Sigee,
2010) and (Al-Yamani & Saburova, 2011). To determine the amount of each diatom species at each sample site refered to
(Purnomo et al., 2015) with formula:
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water volume in the botde collection
water volume were observed
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x number of diatom

3. Results and Discussion
Diatom found in both lakes are 36 species. In Lake Buyan found 28 species and in Lake Beratan found 17 species. There are
eight species of diatoms can be found in both lakes. Diatom species found in both lake are presented in Table 1. Diatom species
found at each sampling station in each lakes are presented in Table 2 and Table 3. Percentages of each species found in each lake
are presented in Fig. 2.

Table 1. Diatom species found in Lake Buyan and Beratan

No Species Buyan Beratan
1 Achnanthes sp. - +
2 Amphora ovalis + -
3 Cocconeis placentula - +
4 Cymbella cistula + +
5 Cymbella ventricosa + -
6 Cymbella aspera + -
7 Cymbella sp. + -
8 Denticula subtilis + A
9 Denticula tenuis + A
10 Diatoma sp.1 +
11 Diatoma sp.2 - +
12 Fragilaria crotonensis + +
13 Fragilaria tenera + +
14 Fragilaria subtilis + -
15 Fragilaria sp. i
16 Frustulia sp. + -
17 Gomphonema truncatum + -
18 Gomphonema venusta + -
19 Gomphonema affine + -
20 Gomphonema sp. + -
21 Gyrosigma acuminatum + -
22 Melosira varians - +
23 Melosira granulate + -
24 Navicula pupula A +
25 Navicula pygmaea + +
26 Navicula gastrula + -
27 Navicula cuspidata + -
28 Navicula sp. - +
29 Nitzschia closterium - +
30 Nitzschia sp. + -
31 Pinnularia viridis + A
32 Pinnularia subbrevistriata + -
33 Rhopalodia gibba + -
34 Surirella sp. - +
35 Synedra acus + -
36 Synedra ulna + -
Total 28 17

+ = found, - = not found, [_bund in both lake
Associated with the interests of forensics, which is an indicator of death due to drowning, the knowledge or information of
diatoms in a water is needed and will be very beneficial for the benefit of the forensics. Diatom species information found in a
waters can be used as supporting data in the forensic field, namely to determine the cause of death of drowning victims.
(Sasidharan & S, 2014) The presence of the same species of diatoms as that of the alleged drowning medium in the internal
organs of drowning victims is corroborative or even decisive evidence to support the death diagnosis.

Several genera found in this study are often found on examination of organs samples of drowning victims. Some of them
mentioned in (Wilianto, 2012), the genus Cocconeis especially C. placentula often found in liver samples, Gomphonema
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generally found in the intestine, Nitszchia in the duodenum sample, Navicula in the lungs samples, Diatoma and fragments of
Synedra ulna in bone marrow. (Malik et al., 2013) stated that the Cymbella found in the sternum, collarbone, femur and lungs.

Table 2. Number of each diatom species (sel/L) found at each sampling station in the lake Buyan

Sampling station

No Species
Bul Bull Bulll BulV BuV BuVI BuVII BuVIII BulX BuX Total
1 Amphora ovalis 4 9 8 3 1 0 3 1 4 4 37
2 Cymbella cistula 11 14 0 1 1 6 1 1 9 11 55
3 C. ventricosa 9 1 1 1 5 19 9 3 8 8 64
4  C. aspera 8 8 1 1 6 14 0 1 16 9 64
5 Cymbella sp. 9 1 1 0 1 0 0 0 0 0 12
6  D. subtilis 1 5 1 0 0 1 1 1 3 3 16
7 D. tenuis 0 10 5 0 0 3 0 0 1 6 25
8  F. crotonensis 23 14 14 25 25 13 29 23 33 14 213
9 F. tenera 33 24 10 6 0 5 6 5 10 2 101
10 F. subtilis 14 23 1 0 1 8 3 3 4 6 63
11 Fragilaria sp. 16 54 25 16 10 19 14 1 9 5 169
12 Frustulia sp. 1 4 0 0 0 2 3 3 0 4 17
Gomphonema
13 venusta 3 4 0 1 0 2 0 0 8 2 20
14  G. truncatum 5 14 0 0 3 5 0 1 11 2 41
15 G affine 0 1 1 0 1 0 0 1 3 0 7
16  Gomphonema sp. 6 14 1 0 1 1 0 0 0 0 23
Gyrosigma
17 acuminatum 0 0 1 0 0 0 0 0 0 0 1
18  Melosira granulata 31 78 10 31 9 8 16 50 40 35 308
19 Navicula pupula 1 4 3 1 0 0 0 0 0 0 9
20 N pygmaea 0 1 0 0 0 0 0 0 0 0 1
21 N. gastrula 0 0 0 0 0 0 0 0 0 1 1
22 N. cuspidate 0 3 0 0 0 0 0 0 0 1 4
23 Nitzschia sp. 5 0 0 0 0 0 0 0 0 0 5
24 Pinnularia viridis 6 9 1 0 1 4 0 0 0 7 28
25  P. subbrevistriata 5 5 1 0 1 3 3 1 6 10 30
26  Rhopalodia gibba 3 4 1 0 0 1 3 0 5 1 18
27  Synedra acus 36 20 6 15 18 0 11 10 38 15 169
28 S. ulna 34 61 4 6 8 5 16 16 31 23 204
Total 264 385 96 107 92 119 118 121 239 169 1705

Note: Bul (S8°14'35,0" E115°08'34.0"), Bull (S8°1422,0" E115°08'15.0"), Bulll (S8°14'18,0" E115°07'40.0"), BulV
(S8°14'25,0" E115°07'04.0"), BuV (S8°14'35,0" E115°06'30.0"), BuVI (S8°14'42,0" E115°07'20.0"), BuVII (S8°15'03,0"
E115°06'50.0"), BuVIII (S8°15'02,0" E115°0720.0"), BulX (S8°15'05,0" E115°07'43.0"), BuX (S8°14'44,0"
E115°08'04.0").

Table 3. Number of each diatom species (sel/L) found at each sampling station in the lake Beratan

Sampling station

No Species Total
Bel Bell Belll BelV BeV BeVI BeVII BeVIII BelX BeX
1 Achnanthes sp. 1 0 0 0 0 0 0 0 0 0 1
Cocconeis
2 placentula 1 1 3 4 1 1 1 0 0 0 12
3 Cymbella cistula 1 0 0 1 0 3 0 1 3 0 13
4 Denticula subtilis 1 0 0 0 0 0 0 0 0 0 1
5 D. tenuis 3 0 1 0 0 0 0 0 0 0 4
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6  Diatoma sp.1 0 1 3 0 0 0 1 0 0 1 5
7 Diatoma sp.2 0 0 3 0 0 0 0 0 0 1 4
Fragilaria
8 crotonensis 51 11 90 19 3 3 9 10 1 3 200
9  F. tenera 34 119 111 78 109 141 74 131 248 126 1171
10 Fragilaria sp. 49 128 141 106 120 215 90 259 304 226 1638
11 Melosira varians 28 46 56 91 61 71 15 111 163 161 803
12 Navicula pupula 3 1 3 0 0 0 1 0 0 1 9
13 N. pygmaea 0 0 0 0 0 0 0 0 1 0 1
14 Navicula sp. 3 4 5 0 0 1 6 1 3 0 23
15 Nitzschia closterium 1 1 4 0 1 3 0 0 0 0 10
16  Pinnularia viridis 0 1 0 0 0 0 0 0 0 0 1
17 Surirella sp. 1 0 0 0 0 0 0 0 0 0 1
Total 177 313 420 299 295 438 197 513 723 519 3897

Note: Bel (S8°16'32,0" E115°10'02.0"), Bell (S8°16'52,0" E115°09'56.0"), BelIlI (S8°17'01,0" E115°1022.0"), BelV (S8°16'50,0"
E115°1028.0"), BeVI (S8°1626,0"
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Fig. 2. Percentage of each species in lake Buyan and Beratan
A= lake buyan, B= lake Beratan
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The number of diatom species discovered at each lake Buyan and Beratan sample site varied. The largest proportion (18.1%) of
Melosira granulata was discovered in lake Buyan. and Fragilaria sp. is the species identified in the highest proportion (40.03%)
in lake Beratan.Number of diatoms species different in each sampling station likely influenced by different environmental factors
in each station. Referring to Table 1, there are 8 species of diatoms that can be found in Buyan and Beratan lakes. The percentage
of the diatom species to the total diatom found in each lake is presented in Fig. 2.
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Fig 3. Percentage of eight diatom species found in both lake

Based on Figure 3, Fragilaria sp. is one of the species found in both lakes and has the highest percentage. The species can also
be found at each sampling station in both lake. Eight species found in lake Buyan and Beratan are also found in other lakes on
Bali Island. Fragillaria tenera was found in lake Tamblingan (Suartini et al., 2015) and Fragillaria sp. found in lake Batur
(Suartini & Junitha, 2016). In Lake Batur, Fragillaria sp. also has the highest percentage compared to other species found in the
lake. (Taylor et al., 2007) states that this species is a species that is often found or cosmopolitan in rivers and lakes.

The conditions of each sampling station in each lake are varied. The environmental factors data from lakes Buyan is presented
in the Table 4 and in lake Beratan is in Table 5.

Table 4. Environmental factor in Lake Buyan

. Samling station Mean
Environmental factor
Bul Bull Bulll BulV BuV BuVI BuVII BuVIII BulX BuX
Water temperature (°) 21 21 21 21 21 21 22 21 21 22 21.2
Water pH 7.5 8 8 8 8 7.5 8 7.5 7.5 7.5 7.75
Water Disolved oxygen
(mg/1) 9.4 8.6 8.4 8.6 8.3 8.8 8.7 8.5 7.9 7.9 8.51
Water Turbidity (cm) 100 160 170 150 200 160 165 150 150 150 1555
Air temperature (°) 273 258 24.1 248 252 269 30.2 26.5 264 251 2623
Humidity (%) 63 60 68 53 62 57 44 60 61 65 59.3
Table 5. Environmental factor in Lake Beratan
Environmental Sampling station Mean
factor Bel Bell Belll BelV BeV BeVI BeVII BeVIII BelX BeX
Water temperature (°) 20 20 21 22 21 22 22 21 21 22 21.2
Water pH 6 5.5 6 5.5 6 5.5 6 7 6.5 6.5 6.05
Water Disolved oxygen
(mg/1) 8.1 7.2 8.3 7.8 8.6 8.2 8.2 8.2 8.2 8.1 8.09
Water turbidity (cm) 200 180 195 210 180 190 200 170 190 190 190.5
Air temperature (°) 24.2 25 257 25 248 24 22.7 21 22 263 24.07
Humidity (%) 64 57 57 61 69 63 69 73 74 62 64.9

The environmental factors assessed in lakes Buyan and Beratan are still conducive to the survival of diatoms. The range of
measured temperature at lake Buyan is 21 °C -22 °C (Table 4) and 20 °C -22 °C in lake Beratan (Table 5). (Hefni Effendi, 2013)
stated that the range of temperatures where diatoms can grow well is 20 °C -30°C. So it can be said that the temperature range in
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both lakes still supports diatom live. Diatom also needs an oxygen for respiration. Water dissolved oxygen in lake Buyan is 7.9-
9.4 mg/L and in lake Beratan is 7.2-8.6 mg/L (Soeprobowati & Hadisusanto, 2009) the needed dissolved oxygen concentration
for diatoms is 7-12 mg/L, while some species may survive in concentrations as low as 6.5 mg/L.

4. Conclusion

Diatom found in both lakes are 36 species. In Lake Buyan found 28 species and in Lake Beratan found 17 species. Melosira
granulata species in Lake Buyan has the highest percentage (18.1%) while in Lake Beratan the highest percentage is Fragilaria
tenera (30.5%). Denticula subtilis, D. tennuis, Fragilaria crotonensis, F. tenera, Fragilaria sp., Navicula pupula, N. pygmaea
and Pinnularia viridis is eight species that can be found in both lakes. Among the eight species, Fragilaria sp. is the species with
the highest percentage.
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