
1. Introduction

Ants occur in all terrestrial ecosystems and are of 
high ecological importance (Guenard, 2013). They are 
considered good bioindicators as they are sensitive to 
environmental changes. Ants are abundant and can be 
sampled easily, thereby they respond to environmental 
changes at small spatial scales. The key functions of 
ants as bioindicators in the environment promoted the 
classification of ants into different functional groups 
as described by Anderson (1995) and Brown (2000), 
to analyze general responses of ant communities to 
environmental stress and disturbance. Different habitat 
types have been reported to influence the assemblage 
of various and functional groups. Typical example is 
the research conducted by King et al. (1998) which 
investigated the ant community differences between 
primary and secondary tropical rainforests in Australia. 

It was observed from the study that Opportunist 
ants dominated the young secondary forests while 
generalized myrmicinae ants were the most abundant in 
primary forests.    

Nigeria is part of the Afrotropical region with 
unique geographical, climatic, and ecological diversity, 
but with few myrmecological studies. Although insect 
biodiversity research has not been thoroughly explored in 
Nigeria, few studies have been conducted on butterflies 
in 3 varying habitats (Kemabonta et al., 2015) and insect 
abundance in many university campuses (Chima et al., 
2013; Yager et al., 2016; Abah et al., 2017; Thomas & 
Gijo, 2022). Comprehensive research in Nigerian ants 
was carried out more than four decades ago (Taylor, 
1976; 1977; 1979; 1980a,b), but few publications 
related to Nigerian ant biodiversity have been published 
recently (Jimoh et al., 2024, Adeoye, 2025). Many 
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ants remain to be discovered, and their diversity and 
distribution patterns still require further study. It was 
reported that there are 317 species of ants in 64 genera 
and 10 subfamilies in Nigeria (Jimoh et al., 2024).

Kwara State is located in north central Nigeria 
and has been categorised as a derived guinea savanna, 
covered by a mosaic of vegetation types with enormous 
grasses and few trees. Myrmecology studies in the 
region are relatively scarce. The known existing reports 
were on the nesting behaviours and control of Messor 
galla in the University of Ilorin (Fasoranti, 1997), a non-
mosquito arthropods study which included Camponotus 
sp (Obembe, 2021) and arthropods associated with 
telecommunication mast in Ilorin, which included 
Tetramorium caespitum (Adelaja et al., 2021). 

Anthropogenic activities drive land-use changes, 
which are the primary drivers of biodiversity loss and 
also alter the ecosystem function, especially in tropical 
biomes (Srivastava et al., 2019). The vegetation on the 
Kwara State University campus has been fragmented 
and modified due to advancements in building 
constructions and other anthropogenic activities. This 
has led to generation of different land-use types. Little 
research was conducted on insect composition in the 
campus, and this was basically on termites’ diversity 
(Adeoye et al., 2024) and mound activity (Ajao et al., 
2018), thereby leaving out ants and other arthropods 
that are also important in the proper functioning of the 
ecosystem. The present study was conducted to provide 
information on how different land-use types at the Kwara 
State University campus influence the abundance and 
diversity of ants during the rainy and dry seasons on the 
campus and to test the efficiency of the three sampling 
methods used in ant sampling.

This study aims to enhance knowledge and 
assemblage in the Kwara State University campus across 
different land-use types. Furthermore, the findings will 
provide useful and relevant information for biodiversity 
monitoring and conservation planning.

2. Material and Methods

Study area

This research work was carried out in three different 
land use types in the Kwara State University campus 
(Fig. 1), a derived savanna from the Guinea Savanna 
belt of Nigeria. The area is marked by two climatic 
seasons: the dry and wet seasons, with an intervening 
cold and dry Harmattan from December to January. 
The temperature ranges from 33°C to 37°C, and annual 
rainfall ranges between 990 mm and 1318 mm, while 
the relative humidity ranges from 75% to 88% during 
rainy season and 35% to 80% during dry season (Ajadi 
et al., 2016). The grass commonly found in the region 
are: Panicum capillare, Eragrostis pectinacea, Hyptis 
spicigera, Hyptis suaveolens, Axonopus compressus, 
Pennisetum purpureum, Tithonia diversifolia, Digitaria 
abyssinica, Digitaria ciliaris, Laportea canadensis, 
Cynodon dactylon, Stenotaphrum secundatum, Cyperus 
rotundus and Eleusine indica. And the dominant trees are 
Daniella oliveri, Azadirachta indica, Parkia biglobosa 
and Eucalyptus citriodora.

Due to anthropogenic activities, three different 
land-use types were chosen for sampling: disturbed, 
undisturbed and cultivated lands. Disturbed land was 
characterized as an area with frequent visits by humans 

Figure 1: Ants sampling locations at the Kwara State University, Malete campus.
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and several human activities. The area is vast and 2.3.	
Data analysis

Each instance of a species detected during sampling 
was recorded as a single occurrence, rather than counting 
individual ants. Data from the three sampling methods 
were combined to determine the total ant species 
richness and abundance in the three selected land-use 
types and analysis was conducted utilizing PAST 4.03 
Software and Microsoft Excel (2013) to compute species 
abundance, richness and diversity indices. Analysis 
of variance (ANOVA), followed by Tukey’s post hoc 
tests were performed to assess the variation of relative 
species abundance and richness across the three land-use 
types using PAST 4.03 software (Hammer et al. 2001). 
Individual‐based rarefactions and extrapolation curves 
were used to measure sampling effort. Individual‐based 
rarefaction curves were computed in iNEXT online 
(Chao & Hsieh, 2016).

Interpolation and extrapolation of ant incidences 
were based on Hill’s numbers that integrate species 
richness and species abundance (Chao et al. 2014). The 
95% confidence intervals were obtained by bootstrap 
method based on 200 replications (Chao & Hsieh, 
2016). This helps in determining if the sampling effort 
was sufficient and if all the species were sampled.

The ant diversity examined in this study pertains to 
α-diversity, which encompasses the diversity of species 
within a specific community or habitat. To assess 
diversity, the Shannon–Wiener diversity index and 
Simpson’s diversity index were employed (Adeoye et 
al., 2024). Species richness was quantified using Chao-
1, while the Evenness index was determined using the 
formula: e^H/S. Canonical correspondence analysis 
was used to compare differences in species composition 
among the three land use types in PAST 4.03 software.

3. Results

A total of 1,075 occurrences from 40 species in 5 
subfamilies and 20 genera were recorded in the three 
different land-use types. Subfamily Myrmecinae was 
the dominant with 20 species, followed by Formicinae 
with 11 species while Dorylinae was the least subfamily 
with only one species. The most species-rich genus was 
Camponotus (7 species), followed by Tetramorium and 
Monomorium (5 species each) (Table 1).

Myrmecinae was the most encountered subfamily 
during rainy and dry seasons (295 and 175 occurrences 
respectively), followed by Formicinae (240 and 174 
occurrences in the rainy and dry seasons respectively) 
and Ponerinae (109 and 70 occurrences in the rainy and 
dry seasons respectively) while Dorylinae was the least 

encountered subfamily (1 and 4 occurrences in the rainy 
and dry seasons) (Fig. 2 & 3).

Comparing the overall species that were encountered 
in the two seasons, Camponotus sericeus was most 
encountered both in the rainy and dry seasons, followed 
by C. acvapimensis, then Brachyponera sennaarensis 
while the least encountered species was Tapinolepis 
pernix which was encountered once in the dry season. 
However, there are three species found only in disturbed 
land use namely, Tapinolepis pernix, Dorylus fimbriatus 
and Monomorium pharaoenis, while 37 species were 
shared within the three land use types.

Among the three land-use types, disturbed land has 
the highest number of species richness and occurrences 
while undisturbed land has the lowest species richness 
and occurrences (Table 2). Crematogaster cf. depressa 
(23 encounters) was the most encountered species in 
disturbed land during the rainy season, followed by C. 
sericeus. In the undisturbed land, Camponotus sericeus 
was most encountered (24 occurrences), followed 
by Camponotus acvapimensis while Brachyponera 
sennaarensis (23 encounters) was most encountered in 
the cultivated land in the rainy season. In the dry season, 
distributed land had C. sericeus (14 occurrences) to 
be the most encountered species while Tapinolepis 
pernix is the least encountered, undisturbed land 
had C. acvapimensis (18 occurrences) as the most 
encountered species and Brachyponera sennaarensis 
(19 occurrences) was the most encountered species in 
the cultivated land. The mean number of species varied 
significantly across the land use types during the rainy 
season (One-way ANOVA: F = 3.28, df= 2, P< 0.05) 
but did not vary significantly during dry season (One-
way ANOVA: F = 0.46, df = 2, P> 0.05). In general, 
the diversity index calculated in the three land use types 
were higher during the rainy season than dry season, 
and disturbed land use had the overall highest diversity 
indices (Table 2).

Individual- based species rarefaction and 
extrapolation curves for sampling methods in the three 
land-use types indicated that manual search sampling 
had highest species richness and abundance. Among the 
three sites, disturbed land-use attained the highest species 
richness peak while undisturbed and cultivated land-use 
types had significantly lower species richness. Based 
on the predicted species richness of the manual search 
sampling methods, the extrapolation curves suggest an 
increase in species richness with increasing individuals. 
In disturbed land-use types, the extrapolation curves 
suggest a considerable increase in species richness with 
increasing number of individuals for the 3 sampling 
methods, which is also applied to the 2 remaining sites 
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Figure 2: Percentage of ant subfamilies encountered in the 
three land use types in Kwara State University during the 

rainy season

Figure 3: Percentage of ant subfamilies encountered in the 
three land use types in Kwara State University during the dry 

season

(Fig. 4). In all the sites, wet season had increased species 
richness than dry season.

Overall, six of Andersen’s functional groups were 
found in the three land-use types. The most diverse 
functional group was Opportunist (14 species; 35.0%), 
followed by General Myrmicinae (11 species; 27.5%), 
Subdominant Camponotini (7 species; 17.5%), Specialist 
predators (5 species; 12.5%), Tropical climate specialists 
(2 species; 5.0%) and Hot climate specialist (1 species; 
2.5%). In the two seasons, General Myrmicinae was the 
most frequent functional group in the disturbed land-use 
while Subdominant Camponotini was the most frequent 
functional group in the undisturbed and cultivated lands 
(Fig. 5 & 6).

The correspondence analysis between the 
species with >650 occurrence (40 species) is 
presented in Fig. 7. From the first dimension we can 
observe during the rainy season that Pheidole sp1, 
Cardiocondyla emeryi, Pheidole leingmei, Paratrechina 
longicornis,Crematogaster cf. depressa, Mesoponera 
caffraria, Messor galla, Tapinoma melanocephalum are 
close to the disturbed land-use type, while Camponotus 
vestitus, Camponotus sericeus, Monomorium 
bicolor, Pheidole rugaticeps, Paltothyreus tarsatus, 
Camponotus maculatus, Tetramorium cf. cristatum are 
to the undisturbed land. Tetramorium sericieventre, 
Lepisiota canescense, Brachyponera sennaarensis, 
Odontomachus troglodytes, Crematogaster gambiensis, 
Oecophylla longinoda, Pheidole decarinata, 
Trichomyrmex destructor, Camponotus perrissii, 
Camponotus flavomarginatus are close to the cultivated 
land. In the dry season, the correspondence analysis 
between the species with >400 occurrence (40 species), 
it was observed that Paratrechina longicornis, 
Crematogaster cf. depressa, Tetramorium caldarium, 
Mesoponera caffraria, Messor galla, Tapinolepis 
pernix, Pheidole sp1 are close to the disturbed landuse 
type, while Camponotus vestitus, Camponotus sericeus, 
Pheidole rugaticeps, Odontomachus troglodytes, 
Pheidole leingmei, Paltothyreus tarsatus, Camponotus 
maculatus are to the undisturbed land. Tetramorium 
sericieventre, Oecophylla longinoda, Camponotus 
perrissii, Camponotus flavomarginatus, Lepisiota 
canescense, Brachyponera sennaarensis, Monomorium 
bicolor are close to the cultivated land (Fig. 8).

4. Discussion

The present study indicated that the region is rich in 
pecies composition and abundance. Some invasive 
species reported from this study and other regions of 
Guinea savannah region were recently reported (Adeoye, 
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the Tapia woodland of Madagascar (Ravelomanana et 
al., 2025) also reached a similar conclusion of unequal 
diversity between different sites. These variations can 
be attributed to different levels of human disturbance 
across the three land use types (Zephirin et al., 2022). 

Human activities have both negative and positive 
impacts on the environment. Urbanization has been 
previously reported to negatively impact environment, 
thereby reducing biodiversity (Haddad et al., 2015), 
while recent reports have negated the notion, thereby 
revealing that some certain urban habitats support high 
insect diversity and richness (Diamond et al., 2023; 
Ombugadu et al., 2023). The low species richness in 
cultivated land could be attributed to constant tilling of 
the soil and sometimes, use of insecticides and herbicides 
by some farmers, thereby leading to destruction of 
ant’s habitat and killing of ants which consequently 

Figure 4: Accumulation curves for the observed and estimated number of ant species in three land-use types: Disturbed land 
during rainy season (A) dry season (B) Undisturbed land during rainy season (C) dry season (D) Cultivated land during rainy 

season (E) dry season (F) at the Kwara State University Campus, Malete.
2025). This study represents the first comprehensive 
inventory of ant fauna in guinea savannah region of 
Nigeria. Most of the comprehensive research were 
conducted in rainforest zones of Nigeria (Taylor, 1976; 
1977; 1979; 1980a,b; Jimoh et al., 2024). Species 
richness of the study represents almost 13% of the total 
ant fauna recorded in Nigeria (Table 1). The significantly 
higher species richness  in disturbed land compared 
to undisturbed and cultivated lands as observed in 
this study could be due to differences in ecological 
conditions and human activities between these areas. 
This aligns with previous research by Abah et al. (2017), 
which highlighted higher diversity and abundance 
in botanical garden, a disturbed region than dam area 
and farmland. The ant communities in disturbed land 
were more diverse and abundant than undisturbed and 
cultivated lands. A recent study on survey of ants across 
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Table 1. List of ant species sampled and their occurrence in three land-use types at the Kwara State University Campus, Malete.
Subfamily Species   Disturbed land                       Undisturbed land            Cultivated land

Pitfall Manual 
search

Bait Pitfall Manual 
search

Bait Pitfall Manual 
search

Bait

Ponerinae Brachponera 
sennaarensis

* * * * * *

Bothroponera 
silvestri

* * *

Leptogenys longiceps * * * *
Mesoponera 
caffraria

* * * *

Odontomachus 
triglodytes

* * * * * *

Paltothyrus tarsatus * * *
Formicinae Camponotus 

acvapimensis
* * * * * * * *

Camponotus 
flavomarginatus

* * * * *

Camponotus 
maculatus

* * * *

Camponotus perrisii * * *
Camponotus sericeus * * * * * * * *
Camponotus 
schoutedeni

* *

Camponotus vestitus * * * * * *
Lepisiota canescens * * * * * *
Oecophylla 
longinoda

* *

Paratrechina 
longicornis

* * * * *

Tapinolepis pernix *
Dolichoderinae Tapinoma 

melanocephalum
* *

Tapinoma crinonitum * *
Dorylinae Dorylus fimbriatus *
Myrmicinae Cardiocondyla 

emeryi
* * *

Crematogaster cf. 
depressa

* * * * * *

Crematogaster 
gambiensis

* * *

Messor galla * * * * * * *
Monomorium afrum *
Monomorium bicolor * * * * * * * *
Monomorium 
exiguum

* *

Monomorium 
pharoenis

* *

Pheidole decarinata * * * * *
Pheidole leingmei * * * *
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Figure 5: Percentage of functional group of ants encountered during rainy season in three land-use types at the Kwara State 
University Campus, Malete

Pheidole rugaticeps * * * * * *
Pheidole sp1 * * * *
Pheidole sp2 * * *
Tetramorium 
caldarium

* *

Tetramorium calinum * * *

Tetramorium cf. 
cristatum

* *

Tetramorium 
sericieventri

* * * *

Tetramorium uelense *
Trichomyrmex 
abyssinicus

* *

Trichomyrmex 
destructor

* * * * *

Absent= ; Present= *

Figure 6: Percentage of functional group of ants encountered during dry season in three land-use types at the Kwara State 
University Campus, Malete.
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reduce the ant assemblages. The rich diversity of ants 
documented in the disturbed land use type may be 
because of adequate nesting sites, availability of variety 
of food substrates from human food remnants and light 
sources at night which attract nocturnal flight of alates of 
different insects. The light-attracted alates will de-alate 
and nest in the surrounding areas, thereby increasing the 
number of ant assemblage and diversity.  

Five subfamilies were encountered in all the three 
land use types, of which Myrmecinae was the most 

abundant, then Formicinae, Ponerinae and Dorylinae 
being the least encountered. Similar findings have 
been reported by Ashigar & Ab Majid (2020) in 
various habitats in Nassarawa State, Nigeria where 
Myrmecinae was the most abundant, followed by 
Formicinae, then Ponerinae. Jimoh et al. (2024) 
who also conducted ant survey in urbanized region 
recorded high diversity of Myrmecinae, followed by 
Formicinae while Dolichoderinae was encountered 
once. Seasonally, the most abundant species across the 

Figure 7: Simple correspondence analysis of land-use type and their ant assemblage during the rainy season at the Kwara 
State University Campus, Malete

Figure 8: Simple correspondence analysis of land-use type and their ant assemblage during the dry season at the Kwara State 
University Campus, Malete
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three sites were Camponotus sericeus, Camponotus 
acvapimensis, Brachyponera sennaarensis while the 
least encountered species was Tapinolepis pernix which 
was encountered only in the dry season. Eight species of 
ants were encountered in ancient Benin Moat (Egbon & 
Osabuohien, 2022), of which 5 have also been reported 
in the present study: Camponotus acvapimensis, 
Paratrechina longicornis, Brachyponera sennaarensis, 
Odontomachus troglodytes and Palthothyreus tarsatus.

Disturbed land use had the highest species diversity 
in rainy season (H’= 3.36) and dry season (H’= 3.31), 
while cultivated land use had the lowest diversity during 
rainy season (H’= 3.2) and dry season (H’= 2.91). 
Disturbed land use showed the most even distribution of 
species (e^H/S = 0.77) in the rainy season. Our results 
indicated differences in species diversity in the three 
land use types corroborates a study on impacts of land 
use types on ant communities in a tropical forest margin 
(Oumé – Côte d’Ivoire) (Yeo et al. 2019).

The results obtained from this study using a 
combination of manual search, pitfall trap and baiting 
methods yielded varying ant capture. In the two seasons, 
it was observed that manual search had the highest 
species diversity and abundance while baiting method 
yielded the lowest diversity and abundance in all the 
three land use types. Some of these methods have been 
implemented by other researchers and had also yielded 
varying results. Atchison & Lucky (2022) used three 
sampling methods, of which transect method yielded 
higher species richness than baiting method. Houadria 
& Menzel (2021) also compared 4 sampling methods, it 
was reported that pitfall had higher species richness than 
above ground and below ground baiting methods in two 
neotropical and two paleotropical sites. 

Most studies involving ant functional groups have 
been carried out in areas with different human disturbance 
levels (García-Martínez et al. 2015; Narendra et al. 
2011; Bharti et al. 2013; Groc et al. 2014). Among the 
most abundant species rich functional groups in this 
study were Generalized Myrmicinae, then Subdominant 

Camponotini and Opportunist while Hot climate 
specialist was the least abundant (Fig. 2). Marathe et al. 
(2021) and King et al. (1998) reported similar patterns 
in variation in ant functional group composition from 
Australian tropical forests. 

Four of the 40 encountered species were invasive 
species, and it was observed that two species Tapinoma 
melanocephalum and Monomorium pharaonis were 
encountered only in the disturbed land. Others were 
mostly encountered in the disturbed land while a few 
were recorded in the other two study sites. This result 
corroborates with the result of Bharti et al., (2013) who 
reported that presence of invasive species demonstrates 
the anthropogenic disturbance of ant collection sites. 
Tetramorium sericeiventre was identified as an indicator 
of anthropogenic impacts (Yeo et al., 2019) and was 
encountered in the regions with anthropogenic activity 
in the present study.

5. Conclusion

This study represents the most extensive ant diversity 
survey in a guinea savannah region of Nigeria that 
has been published to date. The study conducted in 
three different land-use types recorded 40 ant species 
from 20 genera and 5 subfamilies, revealing highest 
richness and abundance in disturbed land and lowest 
richness in cultivated land. Comparing the rainy and 
dry seasons, there is slightly higher abundance and 
diversity in the rainy period than dry in all the three 
land-use types. Higher invasive species recorded in 
disturbed land confirm anthropogenic impacts. A new 
species was also reported and described; this indicates 
the need to intensify the myrmecofauna study in this 
region so that we can uncover new discoveries. Based 
on this survey, we conclude that level of anthropogenic 
activities impacts the diversity and assemblage of ants. 
Ants are confirmed as useful bio-indicators for proper 
management of the environment and human impacts. 

Table 2. Specific and average richness, Shannon-Weaver diversity index and Evenness distribution of ants recorded in three 
land-use types at the Kwara State University Campus, Malete

Stations Rainy Season Dry season
STATIONS Disturbed Undisturbed Cultivated 

land
Disturbed Undisturbed Cultivated 

land
Specific richness 37 27 33 37 24 26

Total encounters 291 171 189 155 120 149

Chao-1 37.00 27.17 37.20 48.00 27.00 29.75

Shannon_H 3.35 2.94 3.16 3.33 2.78 2.91
Simpson_1-D 0.96 0.93 0.95 0.96 0.92 0.93
Evenness_e^H/S 0.77 0.70 0.71 0.75 0.69 0.71
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