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ABSTRAK 

 

STRUKTUR KOMUNITAS SEMUT (Hymenoptera: Formicidae) DI 

RESORT WAY SEKAMPUNG HUTAN LINDUNG BATUTEGI 

PROVINSI LAMPUNG 

 

 

oleh 

 

 

MUHAMMAD YUSUF AL FAZA 

 

 
Semut sebagai kelompok hewan darat dengan jumlah individu paling dominan di daerah 

tropis memiliki peran dalam interaksinya dengan tumbuhan atau serangga lain, serta 

keberadaannya dipengaruhi oleh faktor lingkungan. Semut dapat ditemukan di berbagai 

habitat, salah satunya di Hutan Lindung Batutegi. Tujuan dari penelitian ini untuk mengetahui 

indeks keanekaragaman, kelimpahan relatif, dominansi, kekayaan, kesamaan, dan kemerataan 

spesies semut, faktor biotik dan abiotik yang memengaruhi keberadaan semut, dan 

perbandingan antar metode pengambilan sampel semut  berdasarkan jumlah individu dan 

spesies. Penelitian dilakukan pada Januari sampai Februari 2024. Semut dikoleksi dengan 

metode pitfall trap dan hand-collecting pada enam habitat berbeda (sempadan sungai, semak 

belukar, interior hutan, kebun rapat, kebun jarang, dan tepi irigasi). Data jumlah individu dan 

spesies semut dianalisis menggunakan indeks keanekaragaman Shannon-Wiener (H’), 

kelimpahan relatif (IKR), dominansi Simpson (D), kekayaan Margalef (R), kesamaan Jaccard 

(SJ), dan kemerataan Pielou (E). Analisis asosiasi semut dengan makrofauna lain dilakukan 

dengan tabel kontingensi 2x2, uji chi-square, dan indeks asosiasi Ochiai (IO). Korelasi antara 

faktor abiotik dengan indeks keanekaragaman, kelimpahan relatif, dan kemerataan semut 

dilakukan dengan analisis korelasi Pearson. Sebanyak 1994 individu dari 84 spesies semut 

telah diidentifikasi. Keanekaragaman spesies semut tergolong sedang (H’ = 2,963), dominansi 

spesies rendah (D = 0,127), kekayaan spesies tinggi (R = 10,92), kemerataan spesies labil (E 

= 0,67), dan kesamaan spesies antar habitat rendah dengan nilai SJ berkisar antara 0,13 – 

0,40. Nilai IKR tertinggi ada pada Anoplolepis gracilipes sebesar 32,29%. Faktor biotik yang 

memengaruhi semut yaitu adanya asosiasi semut dengan Lycosidae sebagai predator dan 

Gryllidae sebagai mangsa. Faktor abiotik yang sangat memengaruhi keberadaan semut adalah 

pH tanah dan kelembapan tanah. pitfall trap arboreal unggul dalam perolehan jumlah spesies 

dan pitfall trap terestrial unggul dalam perolehan jumlah individu, namun hand-collecting 

tetap perlu dilakukan untuk memperoleh semut yang tidak tertangkap pada pitfall trap. 

Implikasi dari penelitian ini adalah perlunya menjaga kelembapan tanah untuk mencegah 

menurunnya keanekaragaman spesies semut dan mencegah masuknya spesies semut 

kosmopolitan lain yang berpotensi merugikan ekosistem. 

 

Kata kunci: semut, komunitas semut, ekologi semut, pitfall trap, Hutan Lindung  

       Batutegi  
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I. INTRODUCTION 

 

 

 

 

1.1. Background Research 

 

Insects are one of the interesting aspects in biology as one of the most 

abundant fauna and have many species throughout the world. According to 

Jurzenski et al. (2012) there is still little utilization of insect species that 

have the potential to be used as biological indicators for assessing 

ecosystem changes. 

 

Ants as the most abundance terrestrial animals in tropical areas have an 

important role in the ecosystem, such as predators, herbivores, detritivores, 

and scavengers. The specific role of ants for each type in their interactions 

with plants or other insects, one of which is as prey for insectivores. Ants 

have developed into the most dominant animals in terrestrial ecosystems. 

According to Holldobler and Wilson (1990) in Rizal et al. (2020) of the 

750,000 species of insects in the world, 9,500 or 1.27% of them are ants. 

The ant population in the world is quite stable throughout the seasons and 

years. The abundant and consistent presence makes ants a significant 

insect colony in the ecosystem. Ants are often used as biological indicators 

in various environmental assessment programs, such as forest fire 

evaluations, impacts on vegetation, logging activities, mining, waste 

disposal, and land use factors (Wang et al., 2000).
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Ants have an important ecological role in forest ecosystems, especially in 

the soil element cycle and soil aeration. Ants have a reciprocal relationship 

with other organisms and play an important role as invertebrate predators 

in the forest (Watanasit and Bickel, 2005). Because the ant community has 

intensive activities in digging continuously in the soil, this makes ants 

have an important role in the mineralization process (Bruhl et al., 1999 in 

Yulminarti, 2021). 

 

Based on the Decree of the Minister of Forestry Number 

SK.68/MenhutII/2010, the Batutegi Protected Forest is one of Indonesia's 

protected forests managed by the Protected Forest Management Unit 

(Kesatuan Pengelolaan Hutan Lindung) in the Batutegi area. There are 

various types of fauna in the Batutegi Protected Forest, including 55 

species of mammals, 54 species of reptiles, 75 species of insects, and 245 

species of birds that have been successfully identified. There are 346 

species in 59 plant families that grow in the Batutegi Protected Forest. 

Arecaceae is the most commonly found family in the Way Sekampung 

Resort, including Oncosperma horridum, Cocos nucifera, Calamus 

caesius, and Daemonorops longipes. In addition, there is Rafflesia arnoldii 

as one of the rare plant species (Alfandy et al., 2020; Huda, 2022). 

 

The existence of ant species in general cannot be separated from the 

existence of animals, plants, and the environment in their habitat, which 

are interconnected with each other. The existence of ants on the ground 

surface (terrestrial) and tree strata (arboreal) is quite diverse because these 

two areas have the availability of diverse food sources (Gusmasri et al., 

2018). 

 

This study was conducted to determine the structure of the ant community 

in the Batutegi Protected Forest of Lampung Province in various types of 

habitats based on ecological indices, associations with other macrofauna, 
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correlations between ants and environmental factors, and compares 

between three different ant sampling methods. 

 

1.2. Research Purposes 

 

This study aims to: 

1. Find out the abundance and species of ants in the Batutegi Protected 

Forest; 

2. Analyze the diversity, relative abundance, richness, similarity, 

evenness, and dominance of ant species in the Batutegi Protected 

Forest; 

3. Analyze the biotic and abiotic factors that influence the presence of 

ants in the Batutegi Protected Forest; and 

4. Compare between three different ant sampling methods based on the 

number of individuals, number of species, and the simiilarity of the ant 

species obtained. 

 

1.3. Benefit of the Research 

 

The result of this study is expected to provide  information of ant diversity, 

abundance, richness, similarity, and evenness in the Batutegi Protected 

Forest, the relationship between ants and biotic and abiotic factors, and the 

effectiveness of ant sampling methods that can be used as references for 

research and utilization of ants and soil arthropods in the future. 

 

1.4. Theoretical Framework 

 

Batutegi Protected Forest is thought to be a natural habitat for various 

types of ants to live. There are various types of habitats that support the 

life of ants, including riverside, bushes, forest canopy, dense farm, sparse 

farm, and irrigation side, because they are suitable for ants to nest and 

forage. The Batutegi Protected Forest area is thought to be an area with a 
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high abundance of ant species because there are abundant water sources, 

various types of animals, and fruits and flowers on plants. To obtain data 

on community structure, indices were used on the number and species of 

ants found, including the Shannon-Wiener diversity index, relative 

abundance index, Simpson dominance index, Margalef richness index, 

Jaccard similarity index, and Pielou evenness index with tabulation using 

Microsoft Excel 2010. To obtain data on the association of ants with other 

macrofauna tribes, a 2x2 contingency table, chi-square test, and Ochiai 

index were used. To obtain data on the correlation of abiotic factors with 

the ant ecological index, Pearson correlation analysis was used. 



 
 

II. LITERATURE REVIEW 

 

 

 

 

2.1. Ant (Formicidae) 

2.1.1. Ant Classification 

According to ITIS (Integrated Taxonomic Information System) 

(2023), the classification of ant is as follows: 

 

Kingdom : Animalia 

Phylum  : Arthropoda 

Class  : Insecta 

Order  : Hymenoptera 

Family  : Formicidae (Latreille, 1809) 

 

2.1.2. Ant Morphology 

Ants body is divided into three large parts, the head, mesosoma, and 

gaster, with one small part (petiole) between the mesosoma and 

gaster (Borror et al., 2005). The exoskeleton in ants is composed of 

chitin. On the head, there is a pair of segmented and jointed 

antennas, as sensory organs that detect chemical compounds, touch, 

and vibrations (Taszakowski et al., 2023). A pair of mandibles in 

ants generally function as defense and clamping. Ants have 

compound eyes consisting of many lenses, collectively forming a 

mosaic image in their vision, and have three simple eyes (ocelli) as 

as light-detecting organs and natural compasses connected to the 
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compound eyes. Ants rely more on antennas as sensory organs than 

eyes (Schwarz et al., 2011). 

 

The mesosoma is the middle part of the ant, consisting of the thorax 

and propodeum (the first segment of the abdomen) which are fused. 

The mesosoma has three pairs of jointed legs. The leg structure of 

ants varies from species to caste level. At the species level, 

differences in the structure of ant legs are due to adaptation to the 

habitat, while at the caste level they are due to differences in roles in 

the colony (Endlein and Federle, 2015). The petiole is part of the 

abdomen in the form of a segment that is flatter than the gaster, 

consisting of one or two nodes with varying shapes depending on the 

type (Lapolla and Barden, 2018). The morphological structure of 

ants can be seen in Figure 1. 

 

 

Figure 1. Ant morphology. 
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Some types of ants have two pairs of wings in the queen and male 

castes which function to find mates and suitable habitats for nesting. 

The wings of the queen ant can be removed or remain attached if it 

has been fertilized by the male (Ito et al., 2021). 

 

2.1.3. Ant Anatomy 

Ants have a complex internal organ system that regulates digestion, 

circulation, reproduction, and sensing. The digestive organs in ants 

consist of the crop, proventriculus, midgut, hindgut, and rectum. The 

crop functions as a temporary storage place for food before being 

channeled to the proventriculus. The proventriculus functions as a 

valve or filter that regulates the entry of food into the midgut. The 

midgut functions to absorb nutrients in food obtained through the 

catabolism process by digestive enzymes. The remaining food that 

has been processed in the midgut will be channeled to the hindgut to 

absorb water and ions that have not been absorbed in the midgut, and 

the formation of feces which will then be excreted through the 

rectum (Figure 2) (Zheng et al., 2021). 

 

 

Figure 2. Ant anatomy (Laffitte, 2005). 

 

The organs in the circulatory system and blood circulation in ants 

consist of the trachea, aorta, vessels, and heart. Ants obtain oxygen 
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through the trachea which is then bound to the hemolymph. The 

heart in ants is tube-shaped, functioning to flow hemolymph to the 

aorta which is then distributed throughout the body. The organs in 

the ant nervous system consist of the brain, ganglia, sensory organs 

(eyes, antennae), and nerve fibers. The brain functions as a center for 

processing sensory information, regulating physiological responses 

and behavior. Ganglia in ants are spread across each body segment 

which functions to coordinate certain activities or reflexes that are 

connected to nerve fibers in the sensory and motoric organs 

(Falibene et al., 2011). 

 

2.1.4. Ant Life Cycle 

As holometabolous animals, ants undergo complete metamorphosis. 

In general, the life phase of ants begins from eggs. Eggs hatch 1-3 

weeks after oviposition. Ant larvae do not have limbs so they are 

immobile and require the help of the queen or worker ants to obtain 

nutrition. Before entering the pupal phase, ant larvae shed their skin 

3-4 times with a duration of 2-3 weeks. In the pupal phase, 

reorganization and maturation of organs occur in ants for 1-3 weeks 

to reach the imago phase (Mongkolsamrit et al., 2012; Verza et al., 

2017). 

 

The imago phase of ants is divided into two types, fertile and sterile 

type. In the fertile type, wings are formed on the imago, while in the 

sterile type, wings are not formed. The imago phase in ants has 

variations that will determine the role of the ant in the colony 

(Mongkolsamrit et al., 2012). Fertile imago is divided into two, 

queen (fertile female) and male. The queen can survive up to 20 

years, while males live for 2-3 months. Sterile imago (workers) live 

for 1-3 years (Kramer et al., 2016). 
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2.1.5. Social Structure and Behavior of Ants 

As social insects, ant colonies have an organized castes. The social 

structure of ants according to Patel and Bhatt (2020) is characterized 

by the presence of castes, roles, and division of labor in the colony, 

including: 

1. Queen, the fertile female ant whose job is to produce offspring 

during her lifetime. The queen is larger than the other ants in the 

colony. The queen has wings after the pupal phase and these 

wings can be removed after being fertilized by a drone (male); 

2. Drone, the fertile male ants. The males have wings and play a 

role in fertilizing the queen. Drones will die shortly after 

fertilizing the queen; 

3. Workers, the sterile female ants. Workers are responsible for 

finding food, caring for the queen, larvae, and maintaining the 

nest. In some species, worker ants have more specific roles. 

Minor worker ants are small in size and play a role in finding 

food, caring for larvae, and cleaning the nest. Major worker ants, 

which are large in size, play a role in expanding the nest, 

catching prey, and guarding the nest; and 

4. Brood (eggs, larvae, pupae), the ants that cannot yet play a role 

in the colony and still need care from the queen and workers.  

 

Ant colonies have a hierarchical structure, with a queen at the top 

and workers occupying different positions based on age and 

specialization. When a colony reaches a certain size or the right 

conditions, it can produce new queens and male ants to migrate and 

mate. When the females are fertilized, they will fly to a suitable 

place to form a new colony and continue the ant life cycle (Holman 

et al., 2010). 
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2.1.6. Ant Ecology 

Ants have various roles in the ecosystem. Ants play a role in plant 

reproduction as seed dispersers because ants collect seeds to the nest, 

eat the outer layer of seeds, remove the remaining seeds, and cause 

seed germination from the remaining seeds that are discarded 

(Lengyel et al., 2009). Ants play a role in the nutrient cycle by 

collecting organic compounds such as dead insects and plant 

fragments which are then decomposed by microorganisms, enriching 

the soil with nutrients. Although ants are not primary pollinators like 

butterflies or bees, some species play a role in pollinating certain 

plants when worker ants search for nectar in flowers (Lengyel et al., 

2014). 

 

Ants that nest in the soil act as ecosystem engineers because they 

carry and move the availability of resources and change the soil 

environment. This behavior helps improve soil aeration, increases 

nitrogen, phospor, and potassium elements in the soil, and allows air 

and water to penetrate more easily so that soil fertility increases and 

helps increase plant growth (Brener and Werenkraut, 2017; Lima et 

al., 2022). Ant nests in the soil can help stabilize the soil and reduce 

erosion in some ecosystems during heavy rain (Li et al., 2019). 

 

Ants can act as indicators of environmental change and ecosystem 

fertility. Changes in ant populations or the composition of ant 

species in an ecosystem can provide information about ecosystem 

dynamics. The presence of ants as colonial animals can affect the 

distribution and abundance of other organisms in the ecosystem, 

making them suitable candidates for biological control (Forbes and 

Northfield, 2017). 
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2.2. Environmental Factors that Affecting the Existence of Ants 

2.2.1. Biotic Factors 

a. Interspecific Interaction 

The existence of ants is influenced by relationships with other 

organisms. The population of an ant colony is controlled by 

predators including spiders, birds, and insectivores. The presence 

of organisms that are beneficial to ants such as vegetation and 

leaf macrofauna causes symbiosis and improves the life of the 

ant colony. Ants compete between species and with other 

arthropods in obtaining food and territory (Palmer et al., 2010). 

 

b. Intraspecific Interaction 

Social insects such as ants are very sensitive to the presence and 

behavior of other individuals in their colony. Interactions 

between colony members, including aggression, cooperation, and 

division of labor, can impact the existence and success of the 

colony (Joseph, 2017). 

 

2.2.2. Abiotic Factors 

a. Temperature 

The ideal temperature for ants to grow and develop ranges from 

20 – 30
o
C with a minimum tolerance temperature for survival of 

10
o
C and a maximum of 34

o
C (Diamond et al., 2013). Extreme 

temperatures for ants can limit colony activity and development 

(Parr and Bishop, 2022). 

 

b. Humidity 

Humidity levels affect ant distribution. While some ant species 

can adapt to dry conditions, others require stable humidity levels 

to survive. Low humidity limits the foraging activity of ants and 

high humidity inhibits the ability of ants to maintain the nest 

(Elahi, 2005). 
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c. Rainfall 

According to Heller et al. (2008) the distribution of ants 

increases in high rainfall and decreases in low rainfall. Drought 

conditions can limit the availability of food and water resources, 

thus affecting ant populations. 

 

d. Soil pH 

Most types of ants live and nest in soil with neutral pH. Soil pH 

can affect the type of vegetation present, and vegetation diversity 

affects food preferences and foraging patterns of ants (Agrawal 

et al., 2015). 

 

e. Light Intensity 

Light intensity and photoperiod (day length) can affect ant 

activity patterns and foraging behavior. Ants often avoid direct 

sunlight and choose shaded areas to avoid dehydration 

(Stukalyuk and Maák, 2023).  

 

f. Abiotic Disturbances 

Abiotic disturbances that affect the existence of ants include 

natural phenomena such as floods, fires, erosion, and changes in 

soil quality, both naturally and through human intervention 

(anthropogenic) (Latumahina et al., 2015). 

 

2.3. Batutegi Protected Forest, Tanggamus 

 

Based on the Decree of the Minister of Environment and Forestry Number: 

SK.68/Menhut-II/2010 dated January 28, 2010, Batutegi Protected Forest is 

a protected forest located in Tanggamus, Lampung with an area of 58,174 

hectares. Astronomically, Batutegi Protected Forest is located at 104°27’ - 

104°54’ East Longitude and 5°5’ - 5°22’ South Latitude. Geographically, 
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Batutegi Protected Forest is located in Tanggamus Regency, West Lampung 

Regency, Pringsewu Regency, and Central Lampung Regency. The Batutegi 

Protected Forest area covers part of the area in Register 22 of Way Waya 

Protected Forest, Register 39 of North Kota Agung Protected Forest, and 

Register 32 of Bukit Ridingan Protected Forest. 

 

Batutegi Protected Forest is divided into two zones, core zone and 

agroforestry (utilization) zone. Core zone, covering an area of 10,827 

hectares, serves as a water source protection area. Meanwhile, the 

agroforestry zone has an area of 47,334.46 hectares, consisting of an area 

with a permit of 11,103.65 hectares and a specific area of 36,230.81 

hectares. The function of each zone is adjusted to the laws and regulations 

governing the utilization of protected forests, with the aim of making it a 

limited utilization planning area. The division of zones in Batutegi Protected 

Forest aims to improve the efficiency of forest management (Ruchyansyah, 

2014). 

 

Batutegi Protected Forest Management is divided into six resort areas: Datar 

Setuju Resort, Ulu Semong, Banjaran, Batulima, Way Waya, and Way 

Sekampung (Figure 3) (Ruchyansyah, 2014). Way Sekampung Resort is 

part of the core zone and is surrounded by the Way Rilau River. This area 

has an ecosystem with various types of plants that act as resources for 

wildlife. This condition makes this area very suitable for research because it 

has natural resources that can be utilized by various wildlife (Ruchyansyah, 

2014). 
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Figure 3. Map of Batutegi Protected Forest Resorts (Ruchyansyah, 2014). 

 

The average annual rainfall in Batutegi Protected Forest is 2,378.8 mm, with 

the lowest value recorded in August at 83.4 mm, and the highest in 

December at 320.6 mm. The climate of this protected forest is included in 

the tropical rainforest climate category, with the lowest temperature above 

18°C. Batutegi Protected Forest is included in the C2 agroclimate zone 

because it has a rainy season that lasts for six consecutive months and a dry 

season that lasts for two months (Ruchyansyah, 2014). 

 

 



 
 

III. RESEARCH METHODOLOGY 

 

 

 

 

3.1. Time and Place of Research 

 

This research was conducted in January to February 2024 at the Way Rilau 

Research Station and farms that managed by GAPOKTAN Wana Tani 

Lestari, Batutegi Protected Forest, under Yayasan Inisiasi Alam 

Rehabilitasi Indonesia (YIARI) program, assisted by Heri Pranata, Hendra 

Saputra, and Cipto (YIARI staff). Ant identification was conducted at the 

Zoology Laboratory, University of Lampung. 

 

3.2. Equipments and Materials 

 

This study used pitfall traps to trap ants, sieves and tweezers for ant 

collection, plastic bottles to store specimens, fish-eye lenses to measure 

the percentage of canopy cover, 3 in 1 soil meters to measure temperature, 

pH, and soil moisture, 2 in 1 digital thermometers to measure temperature 

and air humidity, identification books (“Wajah-wajah Semut Eksotis di 

HPPB” by Herwina et al. (2018), “A Guide to the Ants of Jambi (Sumatra, 

Indonesia)” by Nazarreta et al. (2021), and “Introduction to The Study of 

Insects 7
th

 Edition” by Borror et al. (2005)), and Oppo Reno 8 smartphone 

for specimen documentation and to find out coordinates via the available 

GPS. The materials used included water, sugar, liquid detergent, 70% 

alcohol, ants and other macrofauna trapped in the pitfall trap.
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3.3. Research Methods 

3.3.1. Research Location and Procedure 

This study was conducted on six types of habitats divided into two 

management zones in the Batutegi Protected Forest, the core zone 

(forest canopy, bushes, and riverside at the Way Rilau Research 

Station) and the agroforestry zone (dense farm, sparse farm, and 

irrigation side at the GAPOKTAN Wana Tani Lestari farm). 

Riverside are land that is close to the river flow, bushes are land 

that is only overgrown with weeds and shrubs, forest canopy are 

land that is overgrown with tree strata with dense canopy cover, 

dense farm are plantation areas with dense distances between 

plants, sparse farm are plantation areas with wide distances 

between plants, and irrigation side are areas on the edge of artificial 

water flows to irrigate plantation crops. The division of areas into 

various types of habitats is expected to show differences in ant 

types between types of habitats (Saefullah et al., 2015).  

 

For each type of habitat, a transect line was determined purposively 

with a length of 100 meters, then a pitfall trap plot was made 

measuring 20 x 20 meters at both ends and in the middle of the 

transect, and 10 hand-collecting plots were made measuring 1 x 1 

meter every 10 meters on the right and left sides of the transect 

alternately (Figure 4) (Adonovan et al., 2016; Gesriantuti et al., 

2016). 
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Figure 4. Ant sampling plot map at Way Sekampung Resort, Batutegi Protected 

    Forest. 

 

3.3.2. Sampling Methods 

Ant sampling was carried out using three methods: epigaeic pitfall 

traps to trap ants on the ground surface, arboreal pitfall traps to trap 

ants on trees, and hand-collecting to catch ant directly. In each plot, 

three epigaeic pitfall traps were installed with a depth of 15 cm 

(Sheikh et al., 2018) and three arboreal pitfall traps at a height of 

150 cm from the ground surface with trap models referring to 

Lasmar (2023) and Matevski et al. (2020) (Figure 5). The fixative 

solution used in each pitfall trap was a mixture of 200 ml of 35% 

alcohol; 2 ml of liquid detergent; and 2 tablespoons of granulated 

sugar (Sheikh et al., 2018; Achury et al., 2023). The traps were 

installed at 16.00 - 18.00 WIB with a distance of 5 meters for each 

trap (Figure 6). Arboreal pitfall traps were installed on trees with a 

height of more than 150 cm purposively. Specimens were taken 24 
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hours after installation (Schmidt and Solar, 2010) at 06.00 and 

18.00 WIB with two repetitions (Agus and Septianjaya, 2021). 

 

 

Figure 5. Arboreal Pitfall Trap (A) and Epigaeic Pitfall Trap (B). 

 

 
Figure 6. Pitfall trap placement pattern on plots at Way Sekampung  

   Resort, Batutegi Protected Forest. 

 

The hand-collecting method is carried out by catching ants and 

other macrofauna directly using tweezers. This method is carried 

out during the day (11.00 - 12.00 WIB) in each type of habitat with 

a time allocation of 6 minutes in each plot (Ahmad et al., 2019). A 

series of sampling procedures were carried out twice at the same 

location and plot. 

 

3.3.3. Specimen Preservation 

Preservation was carried out by placing ants and other trapped 

macrofauna in collection bottles containing 70% alcohol which 

were categorized based on the plot and sampling method with the 

label "A" for arboreal pitfall traps, "E" for epigaeic pitfall traps, 

and "HC" for hand-collecting. 
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3.3.4. Ant Identification 

Ants were identified to species taxa. Identification was carried out 

by photographing the specimen clearly from the side and matching 

the morphology of the specimen with reference identification 

books (Herwina et al., 2018; Nazarreta et al., 2021), scientific 

articles, and antwiki. 

 

3.3.5. Ecological Indices Measurements 

The ant data obtained was tabulated using Microsoft Excel 2010. 

According to Magurran (2004) the ecological index is a 

measurement of the biodiversity of a community of living things in 

an ecosystem. The ecological indices used in the tabulation include 

the following. 

a. Shannon-Wiener Diversity Index (H’) 

The Shannon-Wiener diversity index can be computed using a 

formula according to Magurran (1988). 

 

     ∑        

 

   

 

 

H’ = Shannon-Wiener diversity index 

pi = ni/N 

ni = number of individuals of each ant species 

N = total individual of all ant species 

 

The Shannon-Wiener diversity index is divided into three 

criteria, low if H' ≤ 1, moderate if 1 < H' < 3, and high if H' ≥ 3 

(Sidomukti and Wardhana, 2021). 

 

b. Relative Abundance Index (RAI) 

The relative abundance index can be computed using a formula 

according to Krebs (1989). 
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RAI = relative abundance index 

ni = number of individuals of each ant species 

N = total individual of all ant species 

 

A species is categorized as a dominant taxa if RAI ≥ 5%; sub-

dominant if 2% < RAI < 5%; and non-dominant if RAI ≤ 2% 

(Elisabeth et al., 2021). 

 

c. Simpson’s Dominance Index (D) 

The Simpson’s dominance index can be computed using a 

formula according to Magurran (1988). 

 

  ∑  
  

 

D = Simpson’s dominance index 

   = proportion of individuals in species i 

 

Species dominance is classified as low if D < 0.5; medium if 0.5 

< D ≤ 0.75; and high if 0.75 < D ≤ 1 (Odum, 1993). 

 

d. Margalef’s Species Richness Index (R) 

The Margalef’s index can be computed using a formula 

according to Magurran (1988). 

 

   
   

   
 

 

R = Margalef’s species richness index 

S = number of ant species 

N = total individual of all ant species 
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Species richness is classified as low if the R value < 3.5; 

moderate if 3.5 < R < 5; and high if R > 5 (Magurran, 1988). 

 

e. Jaccard Similarity Index (SJ) 

The Jaccard similarity index can be computed using a formula 

according to Magurran (1988). 

 

    
 

       
 

 

SJ = Jaccard similarity index 

a = number of species found in habitat A 

b = number of species found in habitat B 

j = number of species found in both habitats 

 

The maximum SJ value is 1. If the SJ value is closer to 1, then 

the similarity of ant types between one habitat and another is 

relatively high (Magurran, 1988). 

 

f. Pielou’s Evenness Index (E) 

The Pielou’s evenness index can be computed using a formula 

according to Magurran (1988). 

 

   
  

   
 

 

E = Pielou’s evenness index 

H’ = Shannon-Wiener diversity index 

S = number of ant species 

 

The ant community is classified as stable if the value is 0.75 < E 

≤ 1; classified as unstable if the value is 0.5 < E ≤ 0.75; and 

classified as depressed if the value 0 < E ≤ 0.5 (Adelina et al., 

2016). 
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3.3.6. Analysis of Biotic Factors in Ant Habitat 

Biotic factors in ant habitats are determined by analyzing the 

association of ants with other macrofauna trapped in pitfall traps in 

several stages, as follows: 

a. Arrangement of Family Pairs using 2x2 Contingency Table 

Ant (Formicidae) was paired with other macrofauna families 

using a 2x2 contingency table (Table 1) based on Ludwig and 

Reynolds (1988) as follows. 

 

Table 1. 2x2 contingency table 

Family A 

  Present Absent Total 

F
am

il
y
 B

 Present a b a+b=m 

Absent c d c+d=n 

Total a+c=r b+d=s N = a+b+c+d 

 

a = Number of observation plots containing A and B families 

b = Number of observation plots containing Family B 

c = Number of observation plots containing Family A 

d = Number of observation plots that Family A and B were   

    absent 

 

b. Statistical Analysis using Chi-Square Test 

Determination of the presence or absence of association is done 

using the chi-square test by comparing the calculated x
2
 value 

with the x
2
 table in the chi square table with a significance level 

of 0.05 and a degree of freedom value of 1, so that the chi-

square value is 3.841. If the calculated x
2
> x

2
 table then there is 

an association, and if the calculated x
2
 <x

2
 table then there is no 

association. The formula for determining the calculated x
2
 

according to Ludwig and Reynolds (1988) is as follows. 
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c. Determining the Level of Association using the Ochiai  

Index (IO) 

The Ochiai index can be computed using a formula according 

to Ludwig and Reynolds (1988). 

 

      
 

√      √     
 

 

IO = Ochiai index 

a = Family A and B were present 

b = Family A present, Family B absent 

c = Family A absent, Family B present 

 

The maximum value of the Ochiai index is 1. The association is 

very low if IO < 0.22; moderate if 0.23 < IO ≤ 0.48; high if 

0.49 < IO ≤ 0.74; and very high if the index value is 0.75 – 1 

(Indriyanto, 2006). 

 

3.3.7. Analysis of Abiotic Factors in Ant Habitat 

Abiotic factors that affect the presence of ants are air temperature, 

soil temperature, soil moisture, air humidity, and soil pH (Putra et 

al., 2017). Data on the percentage of canopy cover were taken 

using the Smartphone Hemispherical Photography method with a 

Spherical densiometer grid by positioning the lens vertically at the 

center of the observation location, calculating the number of 

corners on the grid covered by the canopy and multiplying it by 

1.04 (Beeles et al., 2022). 

 

Abiotic factor analysis was carried out using the Pearson 

correlation analysis method to determine whether there is a 

significant relationship between two variables (Bone et al., 2023). 

The Pearson correlation coefficient on the variable is assumed to 

be between -1 and 1. If the coefficient is negative, the correlation 
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between the two variables is negative and vice versa (Sari and 

Aunurohim, 2013). The variables used in this method are abiotic 

factors and ant ecological index and are processed in SPSS 26. 

 

The interval scale of the correlation coefficient according to 

Sarwono (2011) is as follows. 

0  = No correlation 

0.01 – 0.25 = very weak correlation 

0.26 – 0.50 = sufficient correlation 

0.51 – 0.75 = strong correlation 

0.76 – 0.99 = very strong correlation 

1  = perfect correlation  
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3.4. Research Flowchart 

 The research flowchart can be seen in Figure 7. 

 

 

 

Figure 7. Flowchart of ant community structure research at Way Sekampung  

          Resort, Batutegi Protected Forest. 



 

V. CONCLUSION AND SUGGESTION 

 

 

 

 

5.1. Conclusion 

 

In conclusion, this study has several findings. 

1. 1994 individuals from 84 ant species have been identified, with 691 

individuals from 75 species found in the core zone and 1303 

individuals from 25 species in the agroforestry (utilization) zone; 

2. The diversity of ant species is classified as moderate (H’ = 2.963); the 

highest relative abundance in A. gracilipes with an RAI value of 

32.29%; low species dominance (D = 0.127); high species richness (R 

= 10.92); unstable evenness (E = 0.67); and the similarity of ant 

species between habitat types is classified as low (SJ value ranging 

from 0.13 – 0.40); 

3. Biotic factors that greatly influence the existence of ants in terms of 

association with other macrofauna that trapped in pitfall traps are the 

association between ants and Lycosidae as predators and Gryllidae as 

prey for ants. Abiotic factors that greatly influence the existence of 

ants are soil pH with a correlation value of 0.852 and soil moisture 

with a correlation value of 0.754.; and 

4. The epigaeic pitfall trap method is efficient in obtaining the number of 

individual ants, and the arboreal pitfall trap is efficient in obtaining the 

number of ant species. Hand-collecting method is still needed to obtain 

ant species that are not caught in the pitfall trap..
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5.2. Suggestion 

 

More research is needed on the association between vegetation types and 

ant ecological indices at the research location to see if there is a significant 

relationship between plants and ant diversity. Research on the structure of 

ant communities using other sampling methods also needs to be done to 

enrich the data and find out if there are other ant species that can be 

obtained using methods other than pitfall traps and hand-collecting. The 

implication of this study is the need to maintain soil moisture from leaf 

litter to prevent a decrease in ant species diversity, and prevent of other 

cosmopolitan ant species that have the potential to harm the natural 

ecosystem. 
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