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Abstract: Insect diversity is believed to be used as a bio-indicator of spring 

quality, this study aimed at determining the spring insect diversity around 

the Mutis Timau Nature Reserve. The study was conducted from June to 

August 2019. Insects were caught by using the yellow pan trap and hand 

sorting. The diversity of spring insects was determined based on the 

Shannon-Wiener diversity index (H'), species richness index (R1), species 

dominance index (D), and evenness index (E). The results showed that 16 

species belong to 11 families, and five orders of insects. The families 

included Gryllidae, Gryllotalpidae, Tetrigidae, Formicidae, Pompilidae, 

Apidae, Ochteridae, Veliidae, Hydrometridae, Nepidae, Coenagrionidae, 

Libellulidae, Carabidae, and Coccinellidae. The Shannon-Wiener species 

diversity index and the wealth index of the species of springs were classified 

as moderate (H '= 2.12 and R1 = 4.19). There was no type of spring insects 

dominated (D = 0.23). All springs insects were found to have almost the 

same level of evenness (E<1), with a value of 0.76. Abiotic factors such as 

pH and soil temperature were within the tolerance range of spring insects. 
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Introduction 
 

The Mutis Timau Nature Reserve (MTNR) 

is part of the Timau Mutis forest group. This forest 

area is precisely located in Fatumnasi and Tobu 

Districts in TTS; Miomaffo Barat and Mutis TTU 

Districts (http://bbksdantt.menlhk.go.id). MTNR 

has a high potential for flora and fauna. One of 

them is the potential for the high diversity of 

arthropods such as insects. About 80% of animal 

species on earth are insects (Azmi et al., 2019). 

Almost all natural, modified, and terrestrial, and 

aquatic ecosystems support insect communities, 

including the aquatic insects around the MTNR 

area. Aquatic insects are a group of arthropods 

whose life cycle is part of the water. These insects 

play an essential-essential role in the food chain in 

an aquatic ecosystem. In aquatic ecosystems, 

insects play a role in the nutrient cycle and are an 

essential component of the food chain in the water 

(Hasan et al., 2016). Aquatic insects are found in 

almost all types of aquatic habitats such as lakes, 

fast river flows, very salty swimming pools,  

phytotelmata, coastal waters, and river estuaries, 

acid peat swamps, groundwater, hot springs, and 

even pools of crude oil seeping from the ground, 

and also in springs (Mohd et al., 2012). 

Springs are crucial hydrological element of 

rivers and have significant ecological value as 

habitats with distinctive and naturally stable 

environmental conditions, and inhabited by 

distinctive fauna. The springs are unique and 

generally small, and very vulnerable to the 

anthropogenic transformations that have occurred 

in recent years in the ecological landscape, which 

have resulted in groundwater pollution and 

decreased quantity (Pakulnicika et al., 2016). As 

one of the most threatened ecosystems, the spring 

habitat has suffered from water quality damage due 

to river landscape modification for anthropogenic 

activities resulted in pollution. Some aquatic insect 

species are vulnerable and sensitive to 

environmental pollution, while others can live and 

reproduce in polluted water conditions (Popoola & 
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Otalekor, 2011). Thus, aquatic insects can be used 

as indicators to test water quality. 

Freshwater insects are rarely investigated by 

scientists and conversions, even though they are 

important for comprehensively determining water 

quality combined with physic and chemistry 

aspects. They are important as environmental 

health biomonitoring (Nuraeni et al., 2019). Based 

on the survey result, the researchers found several 

villages in the vicinity of the MTNR area and the 

team chose Tunua and Fatumnasi villages as 

sampling locations as these two villages were 

closed to the nature reserve. This research was 

aimed at determining the diversity of species of 

aquatic insects in several springs around MTNR. 

 

Material and Method 

 

Location  

The research was conducted in springs 

located in Tunua and Fatumnasi villages around 

TMNR (Picture 1). The separation and 

identification of insects were made in the Science 

and Mathematics UPT Laboratory of Widya 

Mandira Catholic University.  

 

 
Picture 1. The insect sampling locations of selected springs 

Note: MA = Mata air(springs) 

 

 
Research media 

The media used in this research were the 

insects caught by hand sorting and yellow-pan trap, 

detergent for destroying the sample, and 70% 

alcohol to attract and preserve the insects. This 

research also used a soil tester measure soil pH and 

temperature, GPS to determine the coordinates of 

locations, label paper for labeling insect specimens, 

and writing instruments. 

 

Sample collection technique 

The insect sampling collection was through 

yellow pan trap and hand sorting. The yellow pan 

trap was the fast and easy way to catch the insects 

(Semiun, et al., 2020). The yellow pan trap was a 

yellow plastic bottle with a 6.5 cm diameter. The 

yellow plan trap was filled with aqua solution, 70% 

alcohol, and detergent so the trapped insects didn’t 

fly and die. The trap was set starting from 08.00 

a.m. for 24 hours. The insect's environmental factor 

measurement was done by measuring soil pH and 

soil temperature. Those abiotic factors were 

measured by using a soil tester.  

 

The separation and identification of insects 

The caught insects were separated and 

identified based on morphospecies in the Science 

and Mathematics UPT Laboratory of Widya 
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Mandira Catholic University. The identification 

process was done by using identification guidance 

books (Borror et al., 1992; Borror & White, 1970; 

Siwi, 2006) and internet browsing on the related 

websites. 

 

Data Analysis 

The data obtained in this study were variable 

data on insect quality and abiotic factors tabulated 

using Microsoft excel 2010. Data analysis was 

carried out quantitatively to determine the diversity 

of spring insects. The obtained and identified 

insects were grouped based on their families and a 

direct count of the individuals collected was carried 

out. These data were then analyzed to find diversity 

index, species richness index, dominance index, 

and evenness index referring to Semiun & Stanis 

(2016).  

 

Diversity Index 

The diversity index was calculated from the 

number of individual numbers or the frequency of 

the entire sample. The equation was then calculated 

by using the Shannon-Wiener Index. 

 

H’ = -Ʃpi ln pi; pi= ni/N 
Note: 

H’ = Diversity Index 
Pi = Proportion of number of individuals of type 

to-i with the total number of all             types of 

individuals 
ni = Number of individuals of - i species 

N = Total number of all individuals 

 

 

Species Richness (R1) 

The species richness was determined by 

using the Margalleft index (RI). The Margalleft 

index (RI) is an index that shows the richness of the 

types of a community, where the magnitude of this 

value is influenced by the number of types and 

individuals in that area. The magnitude of RI < 3,5 

indicates that species richness is low, RI = 3,5-5,0 

indicates that species richness is classified as 

medium and R>5,0 reveals that the richness index 

is high. 

 

R1 =
S − 1

lnN
 

Note: 

R1  = Index of species richness 

S  = Number of species (n1, n2, n3, …) 

N  = Number of individuals 

 

 

Simpson’s Dominant Index (D) 

 

The calculation of the dominance index uses 

the formula (Ludwig & Reynold, 1988 in 

Taradipha, 2018): 

D = ΣPi2 

Pi = 
𝑛𝑖

𝑁
 

Notes:  

ni : number of particular species 

N : Total number of species 

D : Dominance Index 

 

Species dominance has a dominance index value of 

0,00 <D <0,50 indicating low dominance, 0,05 <D 

<0,75 showing moderate dominance, and 0.75 <D 

<1.00 indicating high dominance. 

 

Species evenness 

The Shannon (E) was used to determine the 

evenness level of species (Magurran, 2004) 

According to Ludwig & Reynolds (1988), the 

evenness value ranged from 0-1. The value of E 

that is close to  0 indicates that a species is 

dominant in the community. If the value of E 

approaches 1, it reveals that all types have almost 

the same degree of evenness as follows: 

 

𝐸 =
H′

ln(S)
 

 

Note: 

H’ = Diversity Index 

S = Number of species  

 

Result and Discussion 
 

The Diversity of Spring Insects in Tunua and 

Fatumnasi Villages 

16 species from 14 families and five insects’ 

ordo with 36 total number of individuals were 

found in the spring of Tunua and Fatumnasi village 

(Table 1). These families include Gryllidae, 

Gryllotalpidae, Tetrigidae, Formicidae, 

Pompilidae, Apidae, Ochteridae, Veliidae, 

Hydrometridae, Nepidae, Coenagrionidae, 

http://dx.doi.org/10.29303/jbt.v21i3.2942
https://bugguide.net/node/view/106/tree
https://species.wikimedia.org/wiki/Hydrometridae
https://en.wikipedia.org/wiki/Nepidae
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Libellulidae, Carabidae, and Coccinellidae. 

Species diversity is the number of species found in 

a community. Based on the results of the diversity 

index calculation, a total value of 2.12 is obtained 

and classified as a medium category (H’ = 1-3). 

 

Table 1. The Diversity of Spring Insects in Tunua and Fatumnasi Village 
 

Order Family Species ∑ H' 

Orthoptera Gryllidae Tarbinskiellus portentosus 1 0.099542 

Orthoptera Gryllidae Acheta sp. 4 0.244136 

Orthoptera Gryllotalpidae Gryllotalpidae orientalis 1 0.099542 

Orthoptera Tetrigidae Belalang coklat kecil 1 0.099542 

Hymenoptera Formicidae Iridomyrmex sp. 16 0.360413 

Hymenoptera Pompilidae Pepsis sp. 1 0.099542 

Hymenoptera  Apidae  Apis sp. 1 0.099542 

Hemiptera Ochteridae Kepik hitam kecil 1 0.099542 

Hemiptera Veliidae Microvelia sp. 1 0.099542 

Hemiptera Hydrometridae  Hydrometra sp. 2 0.160576 

Hemiptera Nepidae  Nepa sp. 1 0.099542 

Odonata Coenagrionidae Ischnura senegalensis 2 0.160576 

Odonata Libellulidae  Orthetrum sabina 1 0.099542 

Odonata Libellulidae  Crocotermis sp. 1 0.099542 

Coleoptera Carabidae Dicaelus sp. 1 0.099542 

Coleoptera Coccinellidae  Paranaemia vittigera 1 0.099542 

      36 2.12 

Note: H’ = Diversity Index Shannon-Wiener 

 

Orthoptera and Hemipthera ordo was found 

with the highest number of species, i.e., four 

species each. The Orthoptera ordo found 

included Tarbinskiellus portentosus, Acheta 

sp., Gryllotalpidae orientalis, and family 

of Tetrigidae (small brown grasshoppers). Those 

four types of insects were crickets and 

grasshoppers. Crickets are insects that reach 

around 3000 species which are widely spread (Al-

Saffar & Augul, 2018). Insects included in this 

group are generally phytophagous thus disturbing 

the plants, especially herbaceous plants (Sultana et 

al., 2016). Grasshopper is a type of insect from 

Ortophthera ordo with many species reaching 

20.000 (Prakoso, 2017). Some members of 

Ortophera are known as plant eaters. Still, some of 

them act as decomposer, predators of other insects, 

and pets. Therefore they are potentials to be used 

as indicators of environmental quality (Semiun & 

Mamulak, 2019).  

The found Hemiptera ordo included the 

families of Ochteridae (Small black ladybugs), 

Microvelia sp., Hydrometra sp., and Nepa 

sp.Ochteridae is a semi-aquatic insect species, lives 

in the quiet coastal area, especially on mud and 

dunes. Ochterida insects are predators, which 

mostly eat fly larva (Diptera), springtails 

(Collembola), and aphids. Ochterid insects are very 

vulnerable to habitat disturbance thus they can be 

used as bioindicators of water quality. The water 

quality is quite good if these insects are living in it. 

Microvelia sp. belongs to the family Veliidae. This 

family is globally distributed and is a group of 

semi-aquatic predatory insects. Currently, about 60 

genus and more than 960 species of Veliidae are 

known (Moreira & Barbosa, 2011). Hydrometra 

sp. is a type of aquatic insect distributed throughout 

the country. The Hydrometra genus measures 9-12 

mm. It has a very long and slender body, legs, and 

head, its eyes are bulging and located at the back of 

the middle head area (buggide.net, August 2019). 

The Hemiptera ordo is the type of Nepa sp. The 

habitat of this insect is in shallow freshwater, and 

http://dx.doi.org/10.29303/jbt.v21i3.2942
https://species.wikimedia.org/wiki/Libellulidae
https://bugguide.net/node/view/179/tree
https://bugguide.net/node/view/106/tree
https://en.wikipedia.org/wiki/Apidae
https://species.wikimedia.org/wiki/Hydrometridae
https://en.wikipedia.org/wiki/Nepidae
https://species.wikimedia.org/wiki/Libellulidae
https://species.wikimedia.org/wiki/Libellulidae
https://bugguide.net/node/view/179/tree
https://bugguide.net/node/view/106/tree
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it is also found submerged in vegetation (Cowan & 

Cowan, 2016). 

Iridomyrmex sp. is the highest number of 

species found with a total of 16 individuals. This 

species is a type of black ant which widely spread 

and is most commonly found in semi-arid and arid 

climates. The habitat of this species is generally in 

the soil, and also be found in open places, under the 

stone, barks, and woods (Hetterick & Shattuck, 

2011). The research conducted by Azmi et al., 

(2019) found that ant group were mostly found in 

the forest. The abundance of ants is influenced by 

the type of vegetation, soil structure, and land-use 

patterns. The species diversity index in one place 

differs from another depending on the biotic and 

abiotic factors. The observations (Table 1) show 

that the diversity index of spring insects is 

moderate (H '= 1- 3), which indicates that the 

number of individuals is not diverse. A community 

is said to have high species diversity if the 

community is composed of many species with an 

abundance of species the same or almost the same. 

Conversely, if the community is composed of very 

few species, the species diversity is low (Surani et 

al., 2018), making the community unstable 

(Chenchouni, 2015).      

  

Species Richness, dominance Index, evenness 

Index 

Species richness is determined by using the 

Margalleft Richness Index which is influenced by 

the number of species and the number of 

individuals in a habitat. The magnitude of R1 <3.5 

indicates low species richness, R1 = 3.5- 5.0 

indicates medium species richness and R> 5.0 is 

high. The index value of spring insect species 

richness was found to be 4.19. Based on the 

criteria, the wealth index of spring insects found 

was classified as moderate (Table 2). 

Species dominance has a dominance index 

value of 0.00 < D < 0.50 indicating low dominance, 

0.05 < D < 0.75 indicating moderate dominance, 

and 0.75 < D < 1.00 indicating high dominance. 

The results of the calculation of the dominance 

index of spring insect species were 0.23. Based on 

the criteria, this result indicates low dominance or 

no dominant insect species. 

 
Tabel 2. Species Richness, Dominance index, and Evenness Index of Insects in 

Tunua and Fatumnasi Springs  
 

Indeks Value Category 

Species Richness (R1) 4,19 Moderate 

Dominance index (D) 0,23 Low 

Evenness Index (E) 0,76 Stable community 

 
The evenness value ranges from 0 to 1 

(Ludwig & Reynolds, 1988). E value that is close 

to 0 indicates that a species becomes dominant in 

the community. If the value of E is close to 1 it 

shows that all species have almost the same level 

of evenness. The results of the calculation of the 

evenness index (E) of spring insects were found to 

be 0.76 (E close to 1). These results indicated that 

the evenness of species was almost the same and 

no species dominated. Species richness of spring 

insects refers to the number of species found in an 

ecosystem. The total number of species in a 

community depends on the sample size and time 

(Ludwig & Reynold, 1988). Based on the criteria 

of Ludwig and Reynolds (1988), the species 

richness of spring insects is moderate with a value 

of 4.19 (R1 = 3.5-5.0). The species richness of 

insects in springs can be determined by the 

abundance of food and other resources found in the 

spring. 

The analysis results of spring insects’ 

species evenness index (E) are close to value 1. It 

interpreted that each type of insect gets the same 

opportunity in a community (Rozzhiansha et al., 

2019). However, suppose the value of the species 

evenness index is close to value 0. In that case, it 

indicates that the composition of insect species is 

not evenly distributed due to the dominating 

species, so community instability. In this study, 

there were no dominant spring insect species (D= 

0.23/low) thus that the spring habitat in this 

research was relatively stable. The springs located 

in Tunua and Fatumnasi villages have unique 

characteristics. Tunua village has a lower elevation 

than Fatumnasi village with an average of 1261 m 

above sea level, while Casuarina equisetifolia 

http://dx.doi.org/10.29303/jbt.v21i3.2942
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spruce trees dominated Tunua village spring. It is 

commonly called mountain pine. There are also 

other plants such as banyan, palm, and bamboo. 

Meanwhile, in Fatumnasi village the 

character of spring plants varies from cultivated 

plants such as mango, koesambi, mountain pine, 

ampupu, and banyan. Human activities have 

influenced Fatumnasi village. The community ties 

cattle near the spring, so there is a lot of cow dung. 

In addition, there are washing and farming 

activities. The community grows carrots, sweet 

potatoes, rice near the spring. The measured abiotic 

factor conditions include soil pH and temperature. 

The average pH in Tunua Village was 6.5 (Acid), 

while in Fatumnasi Village the pH was 7 (neutral). 

The pH range supports the growth and 

development of spring insects. The temperature 

range of the Tunua springs is 18 – 21 °C, while 

Fatumnasi is 18-19 °C. The effective temperature 

ranges for insects to live are as follows: minimum 

temperature 15°C, optimum temperature 25°C, and 

maximum temperature 45°C. Insects have a certain 

temperature range in which they can live. Outside 

this range, insects will die of cold and overheating 

due to disruption of physiological processes. 

 

Conclusion  

 

The spring insect families found in Tunua 

and Fatumnasi villages around the Mutis nature 

reserve include Gryllidae, Gryllotalpidae, 

Tetrigidae, Formicidae, Pompilidae, Apidae, 

Ochteridae, Veliidae, Hydrometridae, Nepidae, 

Coenagrionidae, Libellulidae, Carabidae, and 

Coccinellidae. The diversity of spring insects 

found was categorized as moderate (H' = 1-3), with 

a value of 2.12. The species richness (richness 

index) of spring insects was classified as moderate 

(R1 = 3.5 - 5.0), with a value of 4.19. There were 

no dominant insect species (D= 0.23), with almost 

the same level of evenness (E = 0.76). 
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