SPECIES RICHNESS AND DIVERSITY OF FAMILY Formicidae (ANTS) IN DIFFERENT ECOLOGICAL HABITATS: A COMPARATIVE STUDY OF URBAN AND VEGETATIVE AREAS IN KORONADAL CITY, PHILIPPINES
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Urbanization and habitat modification significantly impact biodiversity, particularly among insect communities such as Formicidae (ants). Ants play crucial ecological roles, including soil aeration, nutrient cycling, and seed dispersal, making them essential bioindicators of environmental health. However, Species richness and composition can be altered due to changes in habitat caused by urbanization. The goal of this study was to compare the Formicidae species richness, diversity and similarity in vegetative and urban habitats of Koronadal City. Experimental field research using pitfull traps, and manual collection methods, was conducted in selected urban and vegetative sites, and species richness, diversity, and Shannon-Weiner, Simpson’s diversity indices, Margalef’s richness index were employed for the estimation of species richness, diversity, whereas statistical comparisons were made by t-test. Sorensen’s similarity index was employed to evaluate species oerlap between habitats. Statistical analysis verifying large difference (p < 0.001), the findings indicated tht species diversity was greater in vegetative habitats compared to the urban habitats. Similarity analysis revealed that while vegetative areas had distinct species niches, urban areas shared more species. This highlights how important natural habitats are to the preservation of biodiversity. Findings suggest that ant diversity and dispersal are greatly affected by habitat type. Lower plant cover, pollution, and habitat fragmentation could be the reasons for lower diversity in metropolitan settings. The research highlights the importance of conserving vegetative habitats in bid to maintain biodiversity.
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INTRODUCTION

Ants have existed on Earth for about 140 to 160 million years, predating humans, with their earliest known origins being in Cretaceous period. Ants serve to enhance soil quality and contribute to decomposition (Watansit & Bickel, 2000). Ants also act as biological indicators because of their symbiotic associations with plants and animals. In spite of their vital ecological functions the effects of urbanization and habitat fragmentation on ants was poorly known, especially from biodiversity perspective. As the International Union for Conservation of Nature (IUCN, 2024) reported, mitigating biodiversity loss, especially in urban areas, was at the heart of meeting Sustainable Development Goal 15, which have sought to stop biodiversity loss and restore ecosystem. Although they are of ecological importance, the precise effects of urbanization and fragmentation of habitats on ants remained unexplored.
Ants are most vulnerable to habitat loss and fragmentation, usually being one of the earliest species to be impacted by such environmental stress (Tschinkel, 2006). Urbanization, primary cause of habitat fragmentation, was a serious threat to ant populations by modifying their habitats and disturbing ecological processes (Foley et. al., 2005) Ant diversity have included an immense range of species, everyone of ewhich have important ecological functions like nutrient cycling, seed dispersal, and soil aeration. (Joy & Joseph, 2014). have identified 19 ant species in the

Thommankuthu Vegetative and Idukki District, India, with higher diversity in agricultural areas (H’=1.04412) than in Vegetative (H’=1.02115), highlighting the Western Ghats as a prime habitat. Ramakrishnan (2016) had recorded ten ant species across nine genera in Kanchipuram, Tamil Nadu, with Formicidae being dominant. Mondejar and Nuñeza (2019) had documented 29 species in Mt. Kalatungan Range, Philippines, including four endemics and six invasive species, noting significant habitat-related diversity differences (p=0.04). Begum et al. (2021) had found 40 species in Karnataka’s semi-arid region, with the highest diversity in vegetative and human habitats (H’=3.40-3.50). Kumar et al. (2022) had identified nine species in Hisar, Haryana, where residential areas had the highest species richness (D’=2.77), while grasslands and horticultural fields had lower diversity due to food scarcity and pesticide use.
While there are literature determining the diversity and species richness of family Formicidae in other countries and regions, there is still, however, a research gap regarding the biodiversity and species richness of Formicidae (ants) species in the local area. Due to the scarcity of research in Koronadal City, this research would set out to fill this gap in knowledge by assessing the biodiversity, and species richness in the region. This study aims to assess the species richness and diversity of the family Formicidae (ants) in different ecological habitats such as urban and vegetative areas in Koronadal city.
Specifically, the study : (1) determined the species richness and diversity of the Formicidae (ants) in relation to different ecological habitats; (2) compared the species richness and diversity of the Formicidae (ants) between different ecological habitats; and (3) determined the similarity of species among Formicidae (ants) in relation to different ecological habitats. This study is relevant as it examines and assesses the species richness, diversity of family Formicidae (ants) in different ecological habitats, offering recommendations for informing conservation strategies for urban and vegetative areas planning and environmental preservation.
MATERIALS AND METHODS
Materials

The researchers utilized the necessary materials in this study, including containers, forceps and brushes. The researchers employed baiting methods using sugar solution, cookies and honey solution to attract ant specimens. The measuring tapes for marking off the boundaries and taking distances and collected specimens were collected into a plastic containers for preliminary storage. Additionally, the researchers used a tie box and sticks to establish quadrats, ensuring systematic and accurate sampling of ant populations within designated areas.
Research Design

This study utilized an experimental field research design. The study investigated the species richness and diversity of ants in urban and vegetative areas of Koronadal City, focusing on the impact of urbanization on these ecological significant insects. Utilized random sampling techniques with quadrats, the research compared various ecological parameters influencing ant communities across different habitats. The Shannon-Wiener diversity index and Simpson’s diversity index were applied to evaluate species diversity, Margalef’s species richness index for species richness, and Sorensen’s similarity index for similarity of species between ecological habitats and locations. These indices provide insights into the ecological effects of habitat alteration. Data collection used GPS units for precise site location, field guides to identify species, measuring tapes for charting boundaries, and identification keys to ascertain the type of ant found at every site.
Study Sites
This study was undertaken in the chosen places in Koronadal City, South Cotabato, in the southern part of the Philippines, have undergone tremendous urbanization and development in recent decades (figure 1). This urban growth has resulted in habitat fragmentation, especially impacting surrounding natural for vegetative and agricultural purposes. The selected places of study were categorized into three particular areas (Paraiso, Sto.

Nino, and Mambucal in both urban and vegetative zones in Koronadal City, South Cotabato. Random Quadrat sampling was employed to determine locations where each quadrat is 5 m x 5 m in size, the normal quadrat size used in biodiversity research in ants.

Urban Locations
Urban locations in Koronadal City was chosen based on locations with intense human activity, infrastructure development, and modification of habitat. The urban place was delineated as an area with developed surfaces, like roads, buildings, and living areas. Locations with minimal green areas was incorporated to determine diversity of ants in fragmented habitat.

Vegetative Locations
Vegetative locations was selected according to ecological factors such as high vegetation density, canopy cover, and little human disturbance. A vegetative region was a region with continuous natural vegetation, sparse infrastructure, and low human use. Areas remote from urbanization and cultivation land was given priority. Accessibility was also taken into consideration to provide uniform data collection with minimal environmental impact.
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Figure 1. Map of the three locations in Koronadal City Urban Areas (left) and Vegetative Areas (right)
Note: location 1 (Paraiso); location 2 (Sto. Nino), and location 3 (Mambucal)

Entry Protocol and Permit
Prior informed consent was obtained by the researchers to conduct the study at the selected locations in Koronadal City. Moreover, the researchers obtained a permit at the City Environment and Resources office, in accordance with Republic Act No. 9147, for the procurement of specimens. In obtaining the required permits, the researchers drafted a formal letter to the school principal, CENRO and Barangays setting forth the objectives, procedures, and advantages of the research study. This provided access to the site chosen in Koronadal City, South Cotabato.

Collecting Phase
The researchers took samples of ants every two days for a week during 5:30 AM to 7:00 AM and 4:00 PM to 5:00 PM at each of the sites, with a total of three sessions. Ants were gathered by employing baiting techniques, which are sugar solution, cookies, and honey solution, to attract, and the ants collected were placed in glass vials with 70% ethanol according to the routine process of insect collection by Parris (2019).

Identification of Species
The researchers used the Picture Insect application as a pre-identification to ascertain the selective species. According to Manderfield (2022), Picture Insect was developed for the purpose of insect identification and claims to be able to identify more than 4,000 species, with the app usually providing a species-level identification. Then, the researchers applied the NC STATE Agriculture and Life Sciences and family Formicidae Identification (2023) that provided the reference and validation of the pre-identified species via the Picture Insect app.

Biodiversity

Shannon-Weiner Diversity Index
The Shannon-Weiner diversity index was employed to find species diversity on the basis of both abundance and richness, with a focus on the unpredictability of forecasting the species of a randomly chosen area. This index especially effective in comparing ecosystems since it captures both dominance and rarity. An increased Shannon index implies higher diversity and a more uniform species distribution, and lower value implies fewer species or dominance by a few (Bobbitt, 2023).

Simpson’s Diversity Index
Simpson's Diversity index calculates the probability that two randomly selected individuals belong to the same species. This provides an intuitive measure of community dominance, emphasizing both species richness and diversity. The index ranges from 0 to 1, with lower values indicating higher diversity and a more even distribution of species Bobbitt (2021).

Margalef’s Species Richness Index
Margalef’s species richness index aims to measure species richness by considering the number of individuals collected. It helps to understand the diversity by accounting for both the number of species (S) and the total number of individuals (N) in a sample.

Sorensen’s Similarity Index
It measures how many species are shared between two habitats relative to the total number of species found in each. This index is particularly valuable in ecological studies for comparing biodiversity between different habitats such as urban and vegetative habitats to determine how similar or distinct their biological communities are.

Preservation of Species
Ant specimens were carefully stored in a vial with resin to preserved and prevent decomposition. Proper labelling was applied to each vial using the voucher specimen data, including vital information which includes common name, scientific name, taxonomic classification, location, habitat, and the date of collection. This preservation method allows accurate species identification, comparing between urban and vegetative habitats in three locations in Koronadal City.

Data Analysis

To determine the diversity of Formicidae (ants) present in selective sites of Koronadal City, the researchers utilized PAST software (version 4.11) to easily calculate the diversity of species. The data was analysed using the different indices in biodiversity, and biodiversity t-test to determine whether there is a significant difference between the two habitats. This test is commonly used when comparing the performance, measurements, or results of two different groups under distinct conditions (Sedgwick, 2010). These interpretations allow for consistent and meaningful comparisons of ecological data across different sites in Koronadal City. Table representation are used to organize and to properly interpret its data, to support analysis and the conclusion.

Table 1. Biodiversity metric and interpretation	

	Interpretation
	Shannon-Weiner’s Diversity Index (H’)
	Simpson’s Diversity Index (D’)
	Margalef’s Species Richness Index (R’)
	Sorensen’s Similarity Index (S’)

	Very High
	>3.50
	>0.90
	>5.00
	1

	High
	3.00-3.49
	0.70-89
	2.50-4.99
	

	Moderate
	2.50-2.99
	0.50-0.69
	1.00-2.49
	

	Low
	2.00-2.49
	0.30-0.49
	0.50-0.99
	

	Very Low
	< 1.99
	<0.29
	<0.49
	0


Sources: Baliton et al. (2020), Guajardo (2015), and Latumahina et al. (2020)

Table 1 categorized biodiversity levels based on four indices, providing insight into species diversity, richness, and similarity across habitats. A Shannon-Weiner Index (H’) above 3.50 indicates very high diversity, while values below 2.00 suggest very low diversity with dominant species. The Simpson’s Index (D’) shows that higher values (above 0.90) reflect species dominance, whereas lower values indicate a more even distribution. The Margalef’s Richness Index (R’) emphasized species variety, with values above 5.00 representing high richness and those below
1.00 indicating minimal species diversity. The Sorensen’s Similarity Index (S’) measure species overlap, where a value of 1 signifies identical species composition between habitats, while 0 indicates no shared species. These indices collectively assess the ecological stability of different habitats, showing that higher values typically correspond to greater species diversity and ecosystem balance.

Ethical Consideration

Ethical considerations were ensured in the biodiversity study through approvals from CENRO, allowing researchers to compare urban and vegetative areas in Koronadal City, South Cotabato. A formal letter was submitted outlining the study's objectives, procedures, and benefits was submitted. The research examined the impact of urbanization on Formicidae (ant) populations and habitats. Specimens were handled with care, adhering to the Animal Welfare Act of 9171 to minimize habitat disturbance. Prior informed consent was obtained, and permits were secured per Republic Act No. 9147. Conducted under a biodiversity research mentor, the study followed ethical and safety standards, complying with Republic Act No. 11058. Researchers wore protective clothing, and waste management protocols aligned with Republic Act No. 11898 ensured proper disposal of materials.

RESULTS AND DISCUSSIONB
Species Richness and Diversity Assessments

Table 2. Species Richness and Diversity Data in 3 Sampling Locations in Urban and Vegetative Habitats in Koronadal City
	Habitat
	Location
	No. of Species (S)
	No. of Individual
	Margalef’s Richness Index
	Shannon Weiner Diversity Index
	Simpson’s Diversity Index

	
	
	
	(N)
	(R’)
	(H’)
	(D’)

	Urban
	Paraiso
	3
	294
	0.67L
	1.03VL
	0.61M

	
	St. Nino
	3
	396
	0.50L
	0.33VL
	0.15VL

	
	Mambucal
	3
	55
	0.44VL
	1.04VL
	0.83H

	
	
	
	N= 745
	
	
	

	Vegetative
	Paraiso
	2
	223
	0.37VL
	1.09VL
	0.66M

	
	St. Nino
	3
	638
	0.31VL
	0.15VL
	0.05VL

	
	Mambucal
	2
	62
	0.48VL
	1.03VL
	0.48L

	
	
	
	N= 923
	
	
	


Note. VL=Very Low; L=Low; M=Moderate; VH=Very High; H=High

Table 2 presents the species richness and diversity of ants in different habitats, emphasized variations between urban and vegetative areas. The total number of species recorded in urban areas is 9, with 745 individual ants, while vegetative areas have 6 species with a total of 923 individuals (Tang et. al,2015) Among the diversity indices used, Margalef’s species richness index is highest in urban Paraiso (R’=0.67) and lowest in vegetative Sto. Niño (R’=0.31), indicating that urban areas may had slightly greater species richness. The Shannon-Weiner Diversity Index, which measures both urban and vegetative, is highest in vegetative Paraiso (H’=1.09) and lowest in urban Sto. Niño (H’=0.33), suggesting that vegetative areas support a more balanced distribution of species (Mertl et al.,

2021). Simpson’s Diversity Index, which assesses species dominance, records its highest value in urban Mambucal (D’=0.83) and lowest in vegetative Sto. Niño (D’=0.05), indicating that urban environments tend to favor dominant species, reducing overall biodiversity (Sarty et al., 2022; Ghosh & Bardhan, 2015). The results showed that all sites had relatively low species richness, with values ranging from R' = 0.31 to R' = 0.67. The Shannon-Weiner Index, which accounted for both species richness and diversity, indicated how evenly individuals were distributed among species. The index values ranged from H' = 0.15 to H' = 1.09, with some urban sites, such as Paraiso and Mambucal, showing very low diversity (H' = 1.03 to H' = 1.04) compared to vegetative sites such as St. Niño (H' = 0.15) (Seppä et al., 2019; Silva et al., 2023).
Comparison of Diversity Between Locations

Table 3. Biodiversity t-test result of different locations
	HabitatLocation
	Shannon-Weiner Diversity Index (H’)
	Simpson’s Diversity index (D’)

	UParaiso
	0.68VL±0.36
	0.38L±0.24

	VParaiso
	1.28VL±0.08
	0.65M±0.06

	
	t=4.16
	t=-4.18

	
	df=1278.9
	df=1242.5

	
	p<0.001
	p<0.001

	USto. Nino
	0.92VL±0.07
	0.53M±0.07

	VSto. Nino
	1.00VL±0.27
	0.54M±0.17

	
	t=-6.1441
	t=5.927

	
	df=2166.5
	df=1852

	
	p<0.001
	p<0.001

	UMambucal
	0.94VL±0.14
	0.57M±0.09

	VMambucal
	1.25VL±0.04
	0.68M±0.03

	
	t=-0.31292
	t=0.56891

	
	df=351.67
	df=335.14

	
	p<0.001
	p<0.001



Note: UrbanU and VegetativeV
Note. VL=Very Low; L=Low; M=Moderate; VH=Very High; H=High

Table 3 compared Shannon-Wiener ndex with Simpson diversity index at various habitat locations. The diversity t- test was used to compare and contrast the two indices in each of the habitat locations. With regards to diversity values, Shannon-Weiner index indicates low diversity in various habitat locations, wherein all vegetative locations are greater (H') than the values (H') in urban locations. This implies that urbanization can have a negative effect on species diversity, probably because of habitat fragmentation and decreased natural resource availability. he Simpson's Diversity Index results show moderate diversity in all habitat locations, except Urban Paraiso, which has low diversity. Generally, vegetative locations have greater diversity values (D') than urban locations (D'), showing the possible effect of urbanization on species distribution and ecological balance.

A p-value of < 0.001 in the Shannon-Weiner Diversity Index and Simpson's Diversity Index demonstrates a strongly significant disparity in biodiversity between urban and vegetative sites. In the Shannon-Weiner Index, it implies that species diversity is strongly reduced in urban areas, i.e., these ecosystems harbor fewer species and show less evenness than vegetative sites. In the Simpson's Index, the low p-value shows that species dominance is much higher in the urban landscape, that is, there are fewer species that tend to dominate such environments, compared to vegetative sites whose species distribution is relatively more even. This high statistical significance confirms that biodiversity is much richer and evenly distributed within vegetative habitats than in the urban landscape.

These findings confirm Begum et al. (2021), proving that vegetative regions are supported with greater variety. Urbanization encourages ecological similarity, as argued by McKinney (2006) and Shochat et al. (2006), which reduces overall species richness and benefits species that resist disturbance. As reported by Jost (2007) and

Magurran (2013), the lower p-values of Shannon's Index indicate higher variance in species greater diversity than Simpson's Index. These results highlight the importance of conservation activities to preserve ecological balance in cities by demonstrating that urbanization reduces biodiversity while promoting a limited number of dominant species.

Pairwise Sorensen’s Similarity Coefficient Between Habitats

 Table 4. Species Similarity Data in 3 Sampling Locations in Urban and Vegetative Habitats in Koronadal City

	HabitatLocation
	UParaiso
	USto. Nino
	UMambucal
	VParaiso
	VSto. Nino
	VMambucal

	UParaiso
	-
	0.67
	0.67
	0.8
	0.57
	0

	USto. Nino
	
	-
	0.67
	0.4
	0.57
	0

	UMambucal
	
	
	-
	0.4
	0.86
	0.5

	VParaiso
	
	
	
	-
	0.33
	0

	VSto. Nino
	
	
	
	
	-
	0.4

	VMambucal
	
	
	
	
	
	-


Note: UrbanU and VegetativeV

Table 4 showed pairwise Sorensen's similarity coefficient among varying habitats, representing the level of similarity in species composition. Sorensen Similarity Index values reveal that urban sites exhibit a moderate species similarity among each other, and Urban Paraiso, Urban Sto. Nino, and Urban Mambucal each have a similarity index of 0.67. This reveals that urban habitats are likely to harbor a similar set
species, probably because of comparable environmental conditions and disturbances. Vegetative sites, on the other hand, have more varied species composition, as indicated by the lower similarity values between Vegetative Paraiso and Vegetative Sto. Nin o (0.33) and between Vegetative Sto. Nin o and Vegetative Mambucal (0.4).
Comparing urban and vegetative sites, the similarity indices are generally low, reflecting different species similarities between the two types of habitats. Nonetheless, Urban Paraiso and Vegetative Paraiso (0.8 and Urban Mambucal and Vegetative Sto. Nin o (0.86) are relatively more similar, indicating that some species in these areas can be more tolerant to both environments. Generally, the findings emphasize the effect of urbanization on species composition, where urban habitats host a different range of species than vegetative areas, most likely because to habitat fragmentation and environmental changes.

Table 5. Conservation Status of Formicidae (Ants) according to IUCN Red List
	Species
	Conservation Status
	Date Published

	Linepithema humile
	Least concerned
	24 January 2023

	Solenopsis Invicta
	No record
	

	Anoplolepis gracilipes
	No record
	

	Brachymyrmex patagonicus
	No record
	

	Tapinoma melanocephalum
	No record
	


Source: https://www.iucnredlist.org/

According to the International Union for Conservation of Nature (IUCN) Red List, none but Linepithema humile (the Argentine ant) have a recorded conservation status. It is very common for this species to be invasive, with them often upsetting native habitats. Solenopsis invicta, Anoplolepis gracilipes, Brachymyrmex patagonicus, and Tapinoma melanocephalum do not, however, have recorded conservation on the IUCN. It may be that they have not been officially evaluated or there is not sufficient data on their populations and possible threats. The absence of information regarding these species points to the necessity of additional research. As ants are crucial in ecosystems with assistance in soil quality, decomposition, and even pest control it's essential to keep an eye on their populations and influence. Additional research would assist in ascertaining whether these species are ecological threats or if

they, too, need conservation. Nevertheless, the Formicidae species identified in this research are classified as Least Concern by the IUCN, which calls for further research. The research established that Formicidae populations and their habitats are becoming more vulnerable to intensive anthropogenic activities, including habitat modification and incorrect land use, which result in modifications such as slope alteration and excavation of soil. Vilenica and Mihaljevic (2022) also pointed out that anthropogenically affected and man-made environments result in lower Formicidae species richness, again pointing towards the importance of conservation.

CONCLUSIONS
The study have significant variations in Formicidae (ant) diversity and richness between to urban and vegetative ecological environments. In cities, Mambucal showed the most diversity, followed by St. Nino had the lowest. In vegetative zones, Paraiso showed moderate diversity, while St. Nino had the lowest. The t test results revealed substantial differences in species diversity between vegetative and urban sites, verifying vegetative environments possess greater species diversity, whereas urban environments possess lesser diversity. Sorensen’s similarity analysis indicated low species overlap between habitats, with the highest similarity found between vegetative St. Nino and Mambucal. Overall, the vegetative environment is more species-rich than the urban environment. This implies that vegetative environments support better conditions for ant richness than do urban environments.

RECOMMENDATIONS
The results document substantial differences in species richness and composition between urban and vegetative ecosystems, stressing the necessity to keep natural ecosystems in order to accommodate biodiversity. Based on the results found by the researchers, it is recommended to (1) conduct additional research to maintain and monitor the conservation status of the Formicidae, (2) investigate other biodiversity contexts, such as studying the natural habitats of the formicidae, for additional insights; (3) apply and use a wide range of indices and softwares for better comparison and validation of results, improving data accuracy, and (4) conduct community engage programs, involving the public in raising ecological awareness and increasing conservation status effort.
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