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1. Introduction
Water is a chemical compound that essential for human life 
and other living creatures. The function of water for life 
cannot be replaced by other compounds and almost all human 
activities require water, ranging from personal and shelter 
hygiene, preparing food and beverages and other activities. 
The source of water mostly comes from groundwater, ranu 
(lakes) and rivers. Therefore, the quantity and quality of water 
resources must be maintained (Achmad 2004). 

Good or bad the water was due to activities in the 
vicinity. Often times there are activities that can degrade 
water quality, which in turn would disrupt the lives of aquatic 
biota. Changes in water conditions greatly affect the presence 
and ability of aquatic biota to survive in their habitat. The 
presence of the biota is largely determined by the physical 
and chemical conditions of the water, so that the community 
structure of aquatic biota will vary according to the conditions 
of physical and chemical parameters of water. It allows 
aquatic biota to serve as bioindicator of water quality changes 
(Wijaya 2009). 
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Ranu Pani and Ranu Regulo are lakes located in the Bromo 
Tengger Semeru National Park, East Java - Indonesia. This 
park is a conservation area and tourist destination. Ranu Pani 
is located close to population centers, so it is often used as a 
venue for various community activities, such as bathing, 
washing, bathing livestock, irrigate the fields and estuaries 
channel of household waste. While Ranu Regulo is located in 
a very remote area from residential so it is natural and 
beautiful. The behavior of the visitors, especially those 
camping at Ranu Regulo plays an important role in keeping it 
clean (Department of Forestry 2009). 

Lakes generally have high biodiversity, which include 
phytoplankton, zooplankton, benthos, fish and plants. 
Various human activities around the lake directly or 
indirectly will lead to changes in the quality of the aquatic 
environment. Damages and changes in the aquatic 
environment caused by human activity can be determined by 
looking at the existing aquatic biota. Good quality of water 
usually have many kind of aquatic biota and polluted waters 
with little aquatic biota (Fachrul 2007). Odum (1993) 
explains that the biotic components can provide an overview 
of the physical, chemical and biological waters. The study 
aims to determine the abundance and diversity of 
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phytoplankton, zooplankton and benthos in Ranu Pani and 
Ranu Regulo, to know the physical and chemical properties 
of water and to obtain bioindicator of the phytoplankton, 
zooplankton and benthos in order to assess water quality in 
both Ranu. 

2. Methods
2.1. Materials  
The materials used in this study were 4% Formalin, 70% 
alcohol, CuSO4, substrate soil, water samples Ranu Pani and 
Ranu Regulo, samples of phytoplankton, zooplankton and 
benthos. 

2.2. Methods 
Preliminary study was conducted in June 2011. This activity 
aims to determine the location of which will be used to 
observe the abundance and diversity of phytoplankton, 
zooplankton and benthos and physical and chemical 
properties of water Ranu Pani and Ranu Regulo. 

Table 1. Description of observation stations 
Stations Ranu Pani Ranu Regulo 

I The dock area and 
close to the Inns and 
office 

The dock area and 
campground 

II Siltation and trash 
piles 

The fishing 

III The dock area and 
close to the forest 

Near the forest 

IV Near the farm and 
temple 

Near the forest 

V Siltation and 
household sewerage 

Near the shelter 

2.3. Sampling 
Samples were taken at 7:00 until 10:00 am on 5 station 
observations. Phytoplankton and zooplankton were taken 
with 40 μm pore size plankton net. Withdrawals were made 
horizontally under the surface of the water as far as 2 meters 
at a constant speed of 10 cm/sec. Samples were obtained, 
poured into a 25 ml sample bottle and preserved with 4 drops 
of 4% formalin and 5 drops of CuSO4, labeled and sent to the 
laboratory for identification. 

Benthos samples were taken with Ekman Dredge. The 
samples contained in each substrate was poured into a bucket 
of water, then filtered with a filter that has a hole of 0.5 mm 
wide. Remained materials were sorted by hand and kept in a 
bottle. Samples were preserved in a bottle with 4% formalin 
or 70% alcohol, labeled and transported to the laboratory for 
identification. 

2.4. Measurement of Physical and Chemical Water 
Measurements of water temperature, acidity (pH) and 
brightness were conducted at the sites. Analysis of Dissolved 
Oxygen (DO), Biochemical Oxygen Demad (BOD), 
Chemycal Oxygen Demand (COD), TDS, TSS, Phosphate 
and Nitrate were performed in the Laboratory. 

 

Fig. 1. Study site and detalils of sampling location 
(Modified from Google Maps, 2011) 

2.5. Identification of Aquatic Biota 
Water and substrate samples obtained from the field were 
brought to the laboratory in order to identify the type of 
phytoplankton, zooplankton and benthos. Phytoplankton 
specimens were identified using the books written by 
Edmonson (1959), Mizumoto (2001), Davis (1955), Silva 
(1999), Loch (2003), Bold and Wyne (1985) and John et al. 
(2005). Zooplankton specimens were identified using the 
books written by Edmonson (1959), Davis (1955), James and 
Alan (2001), Work (2005) and Shiroza (2006). Benthos 
specimens were identified using the books written by 
Edmonson (1959) and Zwart et al. (1995). 

2.6. Data Analysis 
Determination of the abundance of plankton (phytoplankton 
and zooplankton) done by segwick rafter. Plankton 
abundance was calculated using the following formula:  
N = nx (Vr / Vo) x (1/Vs)  [1] 
N :  Number of individuals per liter 
n :  Number of individuals observed 
Vr :  Volume of water filtered 
Vo :  Volume of water was observed (at segwick rafter 1 ml) 
Vs :  Volume of filtered water 
 Diversity of aquatic biota analyzed with Shannon-Weaver 
diversity index (H'). 
H’ = - ∑ pi lnpi [2]
H' : Shannon-Weaver diversity index 
pi :  the proportion of the i species in the total sample 

3. Results and Discussion
According to Table 1, it can be known that 17 genera of 

phytoplankton was found in Ranu Pani while 16 genera of 
phytoplankton was found in Ranu Regulo, with the highest 
abundance was occupied by genus Dictyosphaerium. Genus 
Dictyosphaerium abundance in Ranu Pani is higher (11.002 
individuals/l) than in Ranu Regulo (454 individuals/l). There 
are 13 genera of Zooplanktons were found in Ranu Pani while 
10 genera was found in Ranu Regulo. Highest zooplankton 
abundance in both Ranu were occupied by genus Arcella. 
Abundance of genus Arcella in Ranu Pani is 384 individuals/l 
higher than in Ranu Regulo with 31 individuals/l. Benthos 
that were caught in Ranu Pani consisting of 7 families, with 
the highest abundance is from family Bulimidae. Benthos 

Ranu Pani Ranu Regulo 

N 
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found in Ranu Regulo consists of 3 families, with the highest 
abundance is Coenagrionidae.  

Table 1. Abundance of aquatic biota 
No. Genus Ranu Pani  Ranu Regulo  
A. Phytoplankton (individu/l) (individu/l) 
1. Anabaena 50 27 
2. Chroococcus 53 27 
3. Closterium 0 9 
4. Cosmarium 7 16 
5. Crucigeniella 73 0 
6. Cylindrotheca 43 0 
7. Cymbella 109 125 
8. Diatomella 0 2 
9. Dictyosphaerium 11.002 454 
10. Fragilaria 64 19 
11. Frustulia 12 14 
12. Microcystis 465 0 
13. Navicula 74 93 
14. Oscillatoria 65 35 
15. Peridinium 0 10 
16. Pinnularia 9 4 
17. Selenastrum 6 0 
18. Spirogyra 48 19 
19. Staurastrum 6 59 
20. Staurodesmus 11 19 
B. Zooplankton (individu/l) (individu/l) 
1. Anuraeopsis 0 1 
2. Arcella 384 31 
3. Branchionus 49 0 
4. Chaetonotus 10 9 
5. Chollotheca 25 0 
6. Ciclopoid 17 0 
7. Floscularia 0 14 
8. Keratella 51 0 
9. Lepadella 1 6 
10. Monostyla 0 10 
11. Nauplius 28 2 
12. Paramecium 4 5 
13. Polyarthra 10 0 
14. Trichocherca 72 4 
15. Tropocylops 4 0 
16. Undinula 5 2 
C. Benthos (individu) (individu) 
1. Aeshnidae 0 5 
2. Asselidae 0 5 
3. Bulimidae 93 0 
4. Coenagrionidae 3 50 
5. Gammaridae 1 0 
6. Glossiphoniidae 22 0 
7. Gomphidae 1 0 
8. Hirudidae 14 0 
9. Syrphidae 1 0 

Table 2. Diversity index of aquatic biota 

No. Aquatic Biota Diversity Index 
Ranu Pani Ranu Regulo 

1. Phytoplankton 0.55 1.87 
2. Zooplankton 1.54 1.89 
3. Benthos 0.96 0.57 

According to Table 2, diversity index of phytoplankton 
and zooplankton in Ranu Pani is lower than diversity index of 
phytoplankton and zooplankton in Ranu Regulo. Diversity 
index of benthos in Ranu Pani is higher than Ranu Regulo. 
The low value of diversity index of phytoplankton and 
zooplankton in Ranu Pani and high value of diversity of 
benthos in Ranu Pani may be caused by the condition of areas 
that were close to human settlements and agricultural lands, 
where the domestic and agricultural waste are directly 
discharged into Ranu Pani causing the water of Ranu Pani to 
contain many organic ingredients higher than in Ranu 
Regulo. Analysis of physical and chemical factor indicates 
that all parameters of physical and chemical except DO in 
Ranu Pani is higher than Ranu Regulo (Table 3). Generally, 
water of Ranu Pani can be categorized as water quality class 
II and Ranu Regulo water can be categorized as water quality 
class I based on Government Regulation No. 82/2001.  

Table 3. Comparison of Physical and Chemical Factors with 
Water Quality Standards 

Parameters Unit 

Maximum allowable 
(*) Result 

I II III Ranu 
Pani 

Ranu 
Regu

lo 
Temperature 0C - - - 18.36 17.76 
TDS mg/l 1000 1000 1000 176.5 54.9 
TSS mg/l 50 50 400 56.5 22.5 
pH mg/l - 6-9 6-9 6.51 6.45 
BOD5 mg/l 2 3 6 2.62 2.05 
COD mg/l 10 25 50 10.68 7.13 
DO mg/l 6 4 3 5.23 5.49 
PO4 mg/l 0.2 0.2 1 0.71 0.40 
NO3 mg/l 10 10 20 1.14 0.55 
Brightness Cm - - - 54.8 108.6 

* : Water quality standards based on Government
Regulation Number 82 Year 2001 

-   :  Parameter is not required 

Dictyosphaerium abundance in Ranu Pani is 11.002 
individu/l with phosphate levels 0.71 mg/l and nitrate levels 
1.14 mg/l higher than Dictyosphaerium abundance in Ranu 
Regulo, ie 454 individu/l with phosphate levels 0.40 mg/l and 
nitrate levels 0.55 mg/l. Results of research conducted by 
Prihantini et al. (2008), showed that the average number of 
abundance genus Dictyosphaerium in several lakes in Jakarta, 
Depok and Bogor are quite high. Total abundance of 
Dictyosphaerium in Babakan Lake is 82.197 individu/l with 
phosphate levels 0.28 mg/l and nitrate 12.75 mg/l. 
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Dictyosphaerium abundance in Ulin-Salam lake is 60.101 
individu/l with phosphate levels 0.16 mg/l and nitrate 16.94 
mg/l. Lindo Lake is 6187 individu/l with phosphate levels 
0.17 mg/l and nitrate 21.24 mg/l. 

Arcella abundance in Ranu Pani is 384 individuals/l 
higher than in Ranu Regulo, which is 31 individuals/l. The 
high abundance of zooplankton in the waters of Ranu Pani 
may be caused by the high abundance of phytoplankton in the 
waters. Phytoplankton in the trophic structure acts as primary 
producer. Phytoplankton use light energy to synthesize sugars 
and other organic compounds, which are then used by the 
primary consumer. Primary consumers in aquatic form of 
zooplankton that eat phytoplankton (Campbell et al. 2004). 

Highest abundance of benthos in Ranu Pani is 
Bulimidae. The high abundance may be due to the availability 
of food in this water. Organic materials such as household 
waste and manure can get into Ranu alongside with rain water 
and water from houses. In Ranu Regulo, highest abundance of 
benthos is Coenagrionidae. Edmondson (1959) states that 
Coenagrionidae can live in warm water and even in very cold 
water but they cannot live in water that is very dirty. 
According to Government Regulation No. 82/2001, Ranu 
Regulo water can be categorized as water quality class I 
(Table 3). 

4. Conclusions
1. There are 17 genera of phytoplanktons were found in

Ranu Pani, while 16 genera were found in Ranu Regulo
with the highest abundance of genus Dictyosphaerium.
There are 13 and 10 genera of zooplankton were found in
Ranu Pani and Ranu Regulo row, with the highest
abundance of genus Arcella. Benthos are found in Ranu
Pani consisting of 7 families with the highest abundance
of family Bulimidae and there are 3 families in Ranu
Regulo with highest abundance of family Coenagrionidae.

2. Diversity of phytoplankton and zooplankton in Ranu Pani
is lower than Ranu Regulo, while benthos biodiversity in
Ranu Pani is higher than Ranu Regulo.

3. Water quality in Ranu Pani is lower than Ranu Regulo
based on Government Regulation No. 82/2001. Generally
water of Ranu Pani can be categorized as water quality
class II and Ranu Regulo can be categorized as water
quality class I.

4. Genus Dictyosphaerium (phytoplankton), genus Arcella
(zooplankton) and family Bulimidae (benthos) can be
used as bioindicator for water quality class II. Family
Coenagrionidae can be used as bioindicator for water
quality class I.
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