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                     Abstract 
  Camponotus maculatus  ranks among the largest African ant species, displaying remarkable surface activity when foraging 

for food. This research was carried out in the Entomology laboratory of the Federal University of Technology, Akure and 

surrounding settlements in Akure metropolis with the objectives of providing insight on foraging behaviour, infestation and 

potential to vector foodborne pathogenic microorganisms to food in kitchens by ants. Observation stations were set up with 

diff erent food attractants (sugar, honey, cola drink, milk and candy) dry and moistened soaked in cotton wool. Microbial 

analyses of ants placed to forage on contaminated food and introduced to fresh food showed the ants have vector potential to 

transmit foodborne pathogens. Majority of  C. maculatus  ants exhibited a distinct preference for sugary foods over other tastes, 

and moist food over dry food. The relative abundance of the ants attracted in diff erent location using similar food attractants 

were signifi cantly diff erent (p < 0.05). In the microbial evaluation of fresh food exposed to infected ants from contaminated 

food, microbial colony counts of  Aspergillus  spp. (11.22 ± 0.66 SFU/ml) and  Staphyloccocus aureus  (11.11 ± 0.72 CFU/ml) 

are signifi cantly diff erent (p < 0.05) from that of  Bacillus  spp. (20.78 ± 0.85 CFU/ml).  C. maculatus  selective and potential 

transmission capacity for pathogen is driven by the environment and the food sources. 
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  Abbreviations 
   CFU       Colony Forming Units 

    LDZ       Low Density Zone 

    MDZ       Medium Density Zone 

    HDZ       High Density Zone 

    FUTA        Federal University of Technology 

    PDA       Potato Dextrose Agar 

    SFU       Spore forming unit     

      Introduction 

 Ants, belonging to the order Hymenoptera, are social insects 

that exhibit a diverse range of behaviour and occupy a wide 

array of ecological niches across the globe (Chang et al. 

 2021 ). They are highly abundant insects that play crucial 

roles in ecosystem services particularly, nutrient recycling 

and seed dispersal (Kass et al.  2022 ).  C. maculatus  (Fab-

ricius, 1782) belongs to the  Camponotini  tribe within the 

Formicidae family, widely distributed across tropical and 

subtropical Africa, Asia, and parts of Australia, this species 

has adapted to diverse environments. The ants are known for 

their diverse habitats and foraging behaviour (Andersen and 

Hoff mann  2003 ). They inhabit a wide range of ecosystems, 

displaying diverse feeding behaviour and interactions with 

other organisms, especially plants and insects (Hölldobler 

and Wilson  1990 ). Their colonies exhibit a wide spectrum, 

from small groups residing in natural crevices to large, 

intricately structured territories, with populations ranging 

from just few individuals to millions (Perfecto and Snel-

ling  1995 ).  C. maculatus  ranks among the largest African 

ant species, displaying remarkable surface activity when 
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foraging for food (Philip et al.  2016 ). This species exhib-

its defense against any threats or aggression it encounters. 

Its taxonomic classifi cation places it within an intriguing 

ecological niche, showcasing several behavioural adapta-

tions that have evolved over millennia. Its peak of activity 

levels is typically observed during the evening and night 

time hours. The presence of ants, including  C. maculatus  
in urban surroundings is signifi cant due to their potential to 

act as carriers or vectors of pathogenic microbes (Oliveira 

et al.  2016 ;  2017 ). 

 Pathogen carrying capacity is a phenomenon that can 

be expressed in mathematical equation to model pathogen 

transmission. Pathogens are microbes (bacteria, viruses, 

protozoans and fungi) capable of causing host damage or 

a static or unchanging entity believed to possess an inher-

ent capacity to cause disease in hosts which was absolutely 

distinct from other types of microbes (Pierre-Olivier  2014 ). 

The ants are not the host of this micro-organisms but they 

are only carriers, vectors or transmitters of the pathogens 

to a specifi c or susceptible host. What determines organ-

ism's pathogen carrying capacity involves abiotic factors, the 

environment (Onyango et al.  2020 ; Corbin et al.  2021 ) some 

limiting factors such as available supplies of food or water or 

material resources containing the pathogens, nesting areas, 

space, or the amount of waste that can be absorbed without 

degrading the environment and decreasing carrying capacity 

and biotic factors such as the host and the microbial genetics 

(Rocha et al.  2016 ; Stathopoulos et al.  2014 ). 

 Insects act as primary or intermediate hosts or carriers 

of animal and plant diseases pathogens by transmitting pro-

tozoa, bacteria, viruses, and helminths such as tapeworms, 

fl ukes, and roundworms (Sanchez-Contreras  2008 ; Sarwar 

 2015 ). These insect-vectored pathogens pose the greatest 

threats to man, plant and animal on a global scale (Heck 

 2018 ). and according to Sanchez-Contreras ( 2008 ) insects 

are the reservoirs for emerging human pathogens and par-

ticularly those linked to bacteria-associated with vertebrates 

are known for the spread of deadly bacteria diseases such 

as  Yersinia pestis  responsible for bubonic plague (Water-

fi eld et al.  2007 ; Sanchez-Contreras  2008 ). Insects vector-

ing or carring pathogens cut across the entire class insecta. 

Generally, these insects have established one form of rela-

tionships or interactions with the pathogens, which may be 

pathogenic (Maximo et al.  2014 ) or mutualistic/ symbiotic 

relationship (Moreau   2020 ). The symbiotic associations 

between the insects and the pathogens can be classifi ed 

as commensalism, mutualism and parasitism (Moya et al. 

 2008 ; Lv et al.  2024 ). This interactions, either symbiotic or 

pathogenic have been developed as a result of coevolution 

between the insects and the pathogens. There are some evo-

lutionary selective pressures on pathogens which facilitate 

their mode of transmission and dispersal ability by some 

insects (Powell  2019 ). The pathogen-vectoring effi  ciency 

in insect is dependent on many factors which are facili-

tated by the interactions between the invading parasites and 

pathogens and the vectoring insects (Ratcliff e et al.  2024 ) 

this include the host fi tness, reproductive success, feeding, 

infl uence of other symbionts and the environmental circum-

stances (Sanchez-Contreras  2008 ). 

 It has become a subject of contention on why many inver-

tebrates are vectors of pathogens and why they are not sus-

ceptible to the virulence. Insects among the invertebrates 

have been the most incriminated as transmitter or vector 

of pathogens or microbes due to inadequate control prac-

tices and improper storage of food that might aggravate their 

infestation (Santos et al.  2009 ; Zarzuela et al.  2002 ) The 

ants as the most common indoor pests have high capacity 

for carrying microorganisms (Pereira  2008 ). Thus, it can 

be inferred that ants may be one of the agents responsible 

for disseminating microorganisms in hospital environments. 

Ants, bacterial and fungi have been found to form mutual-

istic associations, raising concerns about the possible role 

of ants as a disease vectors, microbial and pathogenic fungi 

dispersal in houses (Akinwande et al.  2024 ) and in hospi-

tals (Lima et al.  2013  and Oliveira et al.  2016 ). The black 

ant  Achycondyla sennaarensis , the fi re ant  Solenopsis  spp. 

carpenter ant  Camponotus  spp. \  Monomorium pharaonis  L. 

and  Monomorium minimum , ghost ant  Tapinoma melano-
cephallum  and other species pose threats to residential apart-

ments (Akinwande et al.  2024 ) and may cause food poison-

ing to hospital environment (Alharbi et al.  2019 ). 

 Ants associations with pathogens in diff erent forms facili-

tate pathogen transmission, some pathogens are carried by 

ants through trophylaxis, the ant vulnerability to the patho-

gen is the consumption of contaminated or poisoned food, 

Akinwande et al. ( 2024 ) and Bruna et al. ( 2017 ) claimed 

pathogenic diseases transmitted via food poses a public 

health problem all over the world resulting in high mortality 

and morbidity rates. Some insects vector pathogens which 

are commonly associated with them, Moreira et al. ( 2005 ) 

have shown a mutualistic relationship between ants and the 

bacteria and fungal pathogens found on its exoskeleton. 

Some bacteria transmitted in this manner are responsible 

for hospital-acquired (nosocomial) infections and associated 

with potentially serious medical problems (Moreira et al. 

 2005 ; Máximo et al.  2014 ). Habitat modifi cation caused 

by increase in temperature and environmental pollution 

and anthropization or urbanization support high densities 

of indoor or domestic insect vectors associated with patho-

gens which are trophically linked to man or domestic ani-

mals. (Kilpatrick  2011 ; Santiago-Alarcon  2022 ). The class 

insecta as a very successful group of animals in terms of 

number, diversity, abundance and distribution and driven 

by climatic factors. Insects are one of the most available and 

accessible group of organisms in the course of indoor vec-

tor–host–pathogen interraction (de angel Dutra et al.  2022 ; 
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Pérez-Rodríguez et al.  2014 ), and transmitting pathogens 

that impact human population putting their lives at risk 

(Shaw and Catteruccia  2019 ). 

 In the tropics, there are few research studies on  C. macu-
latus  in vector-borne pathogens transmission during indoor 

foraging on domestic food and the risk factors associated 

with it. Owing to this limited understanding, this research 

is aimed to (i) provide insight on knowledge and foraging 

behaviour and infestation of domestic kitchen by ants; (ii) 

identify pathogenic microorganisms that are vectored by  C. 
maculatus  which regularly infest kitchens; and other prem-

ises in human residential apartments in the study area (iii) 

investigate  C. maculatus  potential to vector the identifi ed 

foodborne pathogenic microorganisms onto ready- to-eat 

food. 

    Materials and methods 

   Study locations 

 This study was carried out in the Federal University of 

Technology (FUTA), Akure, Akure South local govern-

ment area of Ondo state (Fig.  1 a,b,c) (7.3037°N 5.1388°E), 

and surrounding neighborhoods in Akure city. Akure city is 

hypothesized to have a pattern of most cities in SW Nigeria, 

with settlements pattern described by a map that appeared 

like three concentric rings classifi ed into Low-Density Zone 

(LDZ), Medium-Density Zone (MDZ), and High-Density 

Zone (HDZ). The outermost concentric circles encompass-

ing the forested boundaries, labeled as a low-density zone 

(LDZ), characterized by limited human habitation impact 

and often referred to as preserved (Fig.  1 a,b,c). The middle 

concentric zone is identifi ed as the medium-density zone 

(MDZ), experiencing minimal anthropization. It is situated 

at a considerable distance from the large boundary covered 

with vegetation. The central core is the high-density zone 

(HDZ), it is characterized by high population and low veg-

etation. Communities within this Akure metropolis used for 

the study were selected on the basis of this zonation.         

 The study locations are Ibule (LDZ), FUTA (MDZ) and 

Orita Obele to City Center (HDZ). The study areas were 

divided into three sites (1, 2 and 3) for experimental replica-

tions, each site to capture the  C. maculatus  population and 

carry out all the investigations. 

    Study duration 

 The study  location was carried out in this evergreen forest 

area for a period of 8 months (March–October, 2024), which 

is a wet season. The study involved fi eld and laboratory. 

    Ant collection and identifi cation 

 Ant population were drawn to the sample collection bot-

tles with a protein food source consisting of dead cockroach 

and cricket meals. Cotton wool soaked in 75% sugar-water 

solution in the plastic bottles were used to trap the ants, 

after about 250 ants were trapped, they were transported to 

the Entomology laboratory of the Department of Biology, 

Federal University of Technology, Akure for identifi cation. 

The ants collected were identifi ed and preserved life for the 

laboratory study. 

    Foraging observations 

 Observation was carried out on the fi eld (natural habitat) and 

in the Entomology laboratory of the Federal University of 

Technology, Akure (Fig.  2 ). Observation chambers were set 

up that mimics the ant’s natural environment, the observa-

tion station is made up of 4 arms rubber tubes connected to 

a central core chamber (insect release chamber). The rubber 

tubes represent tunnels / channels leading to diff erent food 

attractants. In all the sites where the tests were carried out, 

the ants were allowed to adapt to the observation station for 

7 days.         

 In the laboratory, the ants in test tubes were kept and 

fed with the 75% sucrose solution which served as their 

carbohydrate source. The sucrose solution soaked in cotton 

wools were to prevent the ants from drowning. During the 

observation on the fi eld and in the laboratory, conditions of 

temperature and relative humidity were recorded. 

   Domestic food preferences of  C. maculatus  

 To determine the food preferences of  C. maculatus , a range 

of tests were conducted using food of diff erent tastes: sugary, 

salty, sour, and bitter foods. Also the specifi c food items in 

dry and moist forms (soaked in cotton wool) were selected 

for further investigation, which included sugar, honey, cola 

drink, milk and candy; and other foods of diff erent nature. 

These preliminary tests were chosen to determine the food 

that are appealing and of potential signifi cance for the ants. 

The response of ants to these food samples were studied in 

the laboratory and on the fi eld. 

    Rate of attraction of  C. maculatus  to some domestic food 
items 

 Ant population were collected in each locations with a 

bait of protein food source consisting of dead cockroach 

and cricket meals. The ants were attracted into many 

bottles. Another location on the site was chosen, obser-

vation chambers with different food baits at the outlets 

were set up on the field. About 250 ants collected were 
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introduced into the insect release-chamber of the obser-

vation tool. Once an ant reached the food source, it will 

determine if the food is palatable and it will go back to 

recruit others or get repelled. At the expiration of testing 

time. An entrance to the food chambers were blocked, the 

ants were killed and numbers counted on the sites. Similar 

  Fig. 1        a ,  b  and  c  Map showing the study area  
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observation experiment was carried out in the laboratory. 

Evaluation of the ants foraging, food and conditions that 

promote the foraging were carried out on the site and 

in the laboratory under different conditions with food 

attractants placed at each bowl in the tube outlets. Vari-

ation in conditions of temperature and relative humidity 

were recorded. 

 The rate of attraction of  C. maculatus  to the food sub-

stances was investigated by counting the number of the 

ants that locate, gather and forage on the food substances, 

after the appearance of the first scouting ants in stipulated 

time of 1 h, 2 h and 3 h consecutively. The ants were 

removed hourly and cumulative numbers recorded, 

    Rate of attraction of  C. maculatus  to moist and dry sugar 
food in diff erent locations 

 Again, 4 (n = 24) plastic containers with perforated cover 

lid each containing 50 g of different food attractants (dry 

and moist sugar) were introduced in each study location 

for a period of 4 h during the peak foraging activity in the 

late evenings. The number of ants to gather and forage on 

the food in the containers were recorded. 

     Exposure of the ants to contaminated and healthy 
fresh foods 

 Some of the ants from the study sites were exposed to spoilt 

food for a period of 24 h, after which their microbial com-

positions were evaluated. Subsequently, a portion of the ants 

introduced to foodborne microbes were allowed to forage 

on healthy fresh foods for 24 h. Following this interaction, 

microbial analysis was carried out to determine whether the 

ants have successfully transported the food-borne pathogens 

from the spoiled food to the healthy food (Fig.  2 ). 

    Foodborne pathogen sampling and analysis 

 To investigate the potential of  C. maculatus  to carry food-

borne pathogens, common household cooked food was used 

such as cooked rice, beans, bread, banana, and beef. Micro-

bial analyses of the freshly cooked food samples and the 

ants were conducted using fi ve types of agar media, spe-

cifi cally Nutrient Agar (NA), Potato Dextrose Agar (PDA), 

MacConkey Agar,  Salmonella Shigella  Agar, and Manni-

tol Salt Agar. The food samples were allowed to decay in 

transparent plastic containers over a period of three to four 

days, ensuring protection from external infl uences that might 

  Fig. 2       Flow chart of the experimental design  
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impact the results. Following this, a serial dilution process 

was performed, involving the introduction of one gram of 

the food sample into a test tube containing 9 ml of distilled 

water, and subsequent dilution of 1 ml of the solution into 

successive test tubes, each containing 9 ml of distilled water. 

Subsequently, 1 ml of the fourth dilution was pipetted to 

petri dishes for each of the fi ve agar types. These dishes were 

incubated for 24 h to estimate the bacterial colony forming 

unit (CFU). 

 However, for PDA, a 72-h incubation period was applied 

to assess fungal growth. A parallel procedure was repeated 

to ascertain the microbial composition on  C. maculatus  
under aseptic conditions, random sampling of the ants was 

performed, followed by microbial analysis. 

    Data analyses 

 All data collected from the three study locations were pooled 

together and analyzed using both inferential and descriptive 

statistics. Data regarding foraging behaviour were analyzed 

using a one-way analysis of variance (ANOVA) with a sig-

nifi cance level of p < 0.05. In cases where there was sig-

nifi cant diff erence in the observation, post hoc analysis was 

conducted using Tukey's test. The analyses were carried out 

using the SPSS 27 software package. Graphical representa-

tions of the data were drawn using Microsoft Excel 2016. 

     Results 

   Domestic foraging food preferences of  C. maculatus  

  C. maculatus  exhibited a distinct preference for sugary 

foods over other tastes. Among the tested food items, these 

ants showed a strong inclination towards sugar, consistently 

favouring it as their primary food choice while the ants were 

poorly attracted to salty, sour, and bitter foods. 

    Attractiveness to food 

 Attraction of  C. maculatus  to various food samples 

across the diff erent study locations HDZ (Orita Obele), 

MDZ (FUTA) and LDZ (Ibule) showed sugar exhibited 

greater attraction with high relative abundance of 240 

(43.96 ± 1.67), 190 (38.69 ± 1.09) and 156 (39.80 ± 0.79) N( 

Mean R.A ± S.E %) in high, middle and low density zones 

respectively (Table  1 ) compared to other food substances. 

While milk exhibited the lowest attraction to the ant species, 

with attracted ants having a relative abundance (%) of 22 

(5.61 ± 0.25), 38 (7.69 ± 0.29) and 31 (5.68 ± 0.39) in low, 

middle and high density zones respectively (Table  1 ). The 

order of the food attracting the ants signifi cantly decreases 

from sugar > honey > candy > cola drink > milk across 

the zone. LDZ (F = 342.72, Sig. = 0.001, p < 0.05), MDZ 

(F = 349.55, Sig. = 0.001, p < 0.05) and HDZ (F = 270.79, 

Sig = 0.002, p < 0.05) (Table  1 ). Similarly, the relative abun-

dance of ants attracted to similar foods in diff erent loca-

tions were signifi cantly diff erent (p < 0.05). The high relative 

abundance of the ants in the HDZ and MDZ compared to 

the LDZ is attributable to factors driving the ant population 

  Table 1       Attractiveness of C.  maculatus  to food samples on the fi eld  

 Food samples having the same alphabet within the column are not signifi cantly diff erent from each other in attraction of the ants using ANOVA 

and Tukey’s test at p < 0.05 

 N(R.A ± S.E ( N  Number of insect attracted,  R.A  Relative abundance and S.E = Standard error). Total represents the numbers of  C. maculatus  that 

were attracted to the diff erent food substances in each location 

  Food samples    Number (Mean Relative abundance) of  C. maculatus  attracted to the food substances within 1 h     P  -value  

  Density Zonation/

Location  

  LDZ 

 (Ibule) 

 N (R.A ± S.E)  

  MDZ 

 (FUTA) 

 N (R.A ± S.E)  

  HDZ 

 (Orita Obele) 

 N (R.A ± S.E)  

  Laboratory 

 N (R.A ± S.E)  

  Sugar c     156 (39.80 ± 0.79)    190 (38.69 ± 1.09)    240 (43.96 ± 1.67)    108(43.20 ± 1.20)    F = 4.987 

 Sig. = 0.010  

  Honey b     89 (22.70 ± 0.99)    114 (23.08 ± 0.60)    138 (25.27 ± 1.01)    50.0(20.0 ± 1.05)    F = 6.396 Sig. = 0.003  

  Cola  drink b     62 (15.82 ± 0.67)    77 (15.61 ± 0.38)    63 (12.45 ± 0.54)    35 (14.0 ± 0.98    F = 8.020 Sig. = 0.001  

  Milk a     22 (5.61 ± 0.25)    38 (7.69 ± 0.29)    31 (5.68 ± 0.39)    16(6.80 ± 0.45)    F = 7.533 Sig. = 0.001  

  Candy b     63 (16.07 ± 0.45)    73 (14.83 ± 0.44)    69 (12.64 ± 0.40)    41(16.4 ± 0.99)    F = 7.668 Sig. = 0.001  

   Total     392 (100%)    492 (100%)    546 (100%)    250(100%)    

   P   value     F = 342.72 

 Sig. = 0.001  

  F = 349.55 

 Sig. = 0.001  

  F = 270.79 

 Sig. = 0.002  

  F = 206.07 

 Sig. = 0.001  

  



634 Proceedings of the Indian National Science Academy (2026) 92:628–640

indoor which is more pronounced in the HDZ and MDZ 

locations that have reduced vegetation compared to LDZ 

which is surrounded by vegetation. Here, the ants relied 

on foraging outdoors than indoors. Again, comparing the 

fi eld and laboratory, the attractiveness of C.  maculatus  to 

food samples decreases from sugar > honey > candy > cola 

drink > milk.  

    Foraging patterns and time are dependent 
on locations and food types 

 The ants forage during the day; however, the research 

revealed in the fi eld unlike indoor, the peak of foraging 

activities were observed during the late evenings to the early 

morning before sunrise. This suggests a diurnal foraging 

pattern with increased activity during the twilight hours. 

 Based on the results presented in Table   2 , sugar and 

candy demonstrated the quickest attraction time to  C. macu-
latus,  while honey, cola drink and milk displayed the longest 

attraction time. In most cases, milk has the longest attraction 

time. Similarly, in Table  2 , sugar demonstrated the quickest 

attraction time across the three study locations as indicated 

with average attraction time of 33.33 ± 0.96, 31.89 ± 2.56, 

and 29.22 ± 0.95 minutes across LDZ (Ibule), MDZ (FUTA) 

and  HDZ (Orita Obele, respectively. Notably, in the location 

1 (LDZ), a signifi cant diff erence was observed between the 

attraction time of sugar and milk (Table  2 ). Conversely, the 

attractiveness of honey, cola drink, and milk  in HDZ (Orita 

Obele) was statistically similar to each other.  

 It becomes evident that milk has the highest attrac-

tion time, averaging times of 45.56 ± 3.09, 39.45 ± 3.47, 

and 33.11 ± 0.97minutes across the three study locations 

of  LDZ (Ibule), MDZ (FUTA) and  HDZ (Orita Obele) 

respectively. 

 The environmental factors of temperature and relative 

humidity recorded in the study locations did not signifi -

cantly aff ect the ants’ attraction to the food items because the 

areas shared almost similar temperature and relative humid-

ity. Orita Obele and FUTA recorded average environmental 

temperature of 76°F (24.44 °C) and relative humidity of 85% 

while Ibule recorded average environmental temperature of 

76.37°F (24.66 °C) and relative humidity of 89%. Similarly, 

the laboratory conditions of temperature and relative humid-

ity recorded 75.2°F (24 °C) and 83% respectively. This did 

not vary too much from the average temperature and relative 

humidity of the environment and it showed little or no infl u-

ence on the ants’ attraction to the food items by comparison. 

    Ant abundance and rate of attraction to food 
is dependent on conditions of the food (moist 
or dry) 

  C. maculatus  showed preference towards moist sugary food 

in all the locations (Table  3 ), the ants were more abundant 

after the 1st hour (Table  4 ). In Orita Obele (HDZ), the abun-

dance of  C. maculatus  after hours rose to 210.33 ± 7.22, 

from the initial 59.67 ± 2.73 (Table  4 ). Although dry sugar 

exhibited some level of attraction to ant in high abundance, 

however, moist sugar showed stronger attraction levels. 

The results were similar in the other two locations FUTA 

(MDZ), Ibule (LDZ). Moist sugar had an abundance of 

51.00 ± 3.46 in the 1st hour, thereafter, 192.67 ± 9.03 after 

the 2nd hour and 190.67 ± 3.84 in the 3rd hour. However, 

dry sugar demonstrated signifi cantly less attraction, with the 

1st, 2nd and 3rd hour having an abundance of 13.67 ± 1.45, 

11.00 ± 2.08, and 14.67 ± 1.45 respectively (Table  4 ). Ibule 

had  C. maculatus  population of 48.67 ± 1.20 on moist sugar 

after one hour, this abundance increased to 205.00 ± 6.35 

and 208.33 ± 6.98 after two and three hours respectively. Dry 

sugar demonstrated a similarly low level of ant abundance 

in Ibule compared to the other two locations; with an abun-

dance of 9.67 ± 1.67, 9.67 ± 1.53, and 15.67 ± 1.20 respec-

tively in the 1st, 2nd and 3rd hour respectively (Table  4 ).   

  Table 2       Mean attractiveness 

of Food Items in diff erent 

locations  

 Means having the same alphabet within the column are not signifi cantly diff erent from each other using 

ANOVA and Tukey’s test at p < 0.05 

  Food items    Ibule (LDZ)    FUTA (MDZ)    Orita Obele (HDZ)    Laboratory  

  Sugar    33.33 ± 0.96 a     31.89 ± 2.56 a     29.22 ± 0.95 a     30.41 ± 0.76 a   

  Honey    39.56 ± 0.44 ab     37.56 ± 2.63 a     31.44 ± 0.89 b     32.13 ± 0.51 b   

  cola drink    42.33 ± 2.91 ab     38.44 ± 4.07 a     33.56 ± 0.11 b     35.04 ± 1.27 b   

  Milk    45.56 ± 3.09 a     39.45 ± 3.47 a     33.11 ± 0.97 b     34.44 ± 1.17 b   

  Candy    40.89 ± 2.15 ab     35.33 ± 3.59 a     31.89 ± 0.56 c     36.11 ± 0.77 a   

  Table 3        Average abundance of  C. maculatus  attracted to moist and 

dry sugar food in diff erent locations in 4 h  

  Locations    Moist sugar    Dry sugar    P-value  

  HDZ (Orita Obele/ 

City centre)  

  464.00 ± 0.58    41.00 ± 2.52     < 0.01  

  MDZ (FUTA)    434.33 ± 9.91    39.33 ± 4.91     < 0.01  

  LDZ (Ibule)    462.00 ± 2.89    35.00 ± 3.51     < 0.01  
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 There is a signifi cant diff erence (P < 0.05) between the 

rate of attraction of the ants to moist food compared to 

dry food in all locations and in the laboratory (Table  4 ). 

Large number of ants were observed foraging on the moist 

sugar while only a few ants were attracted to the dry sugar 

(Table  3 ). This fi nding confi rmed that in addition to the ants 

preference for certain foods, higher moisture content of the 

food facilitates attraction. The environmental temperature 

and relative humidity in the three locations and in the labora-

tory are slightly diff erent. 

    Assessment of the Microbial Pathogen Load in  C. 
maculatus  in the designated study locations 

 The microbial pathogens cultured from  C. maculatus  ants on 

the selective media, showed no growth after 24 h of incu-

bation, except for the pathogens cultured on Nutrient agar 

(NA) in each of the three locations which displayed vis-

ible bacterial colonies of  Bacillus  spp (Table  5 ). Similarly, 

for Potato Dextrose Agar (PDA), the growth of  Aspergil-
lus  spp. was also observed. For Orita Obele,  Bacillus  spp. 

displayed the highest bacterial count (89 ± 2.65 CFU/ml) 

in site 1.  Aspergillus  spp. also exhibited signifi cant colony 

formation with counts of 13.67 ± 1.45, 85.33 ± 2.03, and 

72.00 ± 2.65 SFU/ml respectively in sites 1, 2 and 3 respec-

tively in Orita Obele (HDZ) (Table  5 ). Findings from MDZ 

(FUTA) revealed that  Bacillus  spp. exhibited more colony 

growth compared to  Aspergillus  spp. (Table  5 ). No growths 

of coliforms , Staphylococcus spp., Salmonella,  and  Shigella  
were observed on the plates after 24 h. The highest colony 

count of 18.00 ± 2.08 CFU/ml was recorded for  Bacillus  spp 

in MDZ (FUTA).  

 Furthermore, our results indicate, in Ibule (LDZ) like in 

other 2 locations, only  Bacillus  spp. and  Aspergillus  spp. 

growth were observed on the plates. No visible growths of 

other pathogens were noted.  Bacillus  spp. displayed distinct 

colony growth with pathogen load counts of 33.00 ± 2.65, 

22.00 ± 2.89, and 22.00 ± 1.53 CFU/ml in sites 1, 2 and 3 

in Ibule (LDZ) respectively and  Aspergillus  spp. showed 

colony variations with counts of 18.00 ± 0.58, 20.33 ± 1.76 

and 14.67 ± 1.86 SFU/ml in sites 1, 2 and 3 in Ibule (LDZ) 

respectively (Table  5 ). 

  Table 4       Rate of attraction of 

 C. maculatus  to moist and dry 

sugar food conditions at various 

time intervals  

 Analyses of  P  values in all cases indicates that there is a signifi cant diff erence in the attraction of ants to 

moist sugar compared to dry sugar in all the three locations examined 

 Means having the same alphabet within the column are not signifi cantly diff erent from each other using 

ANOVA and Tukey’s test at p < 0.05 

  Time    Sugar    Average abundance of  C. maculatus  (Mean ± SEM)    Signifi cant test 

between dry/moist 

sugar    Orita Obele 

 (HDZ)  

  FUTA  

 (MDZ)  

  Ibule 

 (LDZ)  

  Laboratory  

  After 1 h    Moist    59.67 ± 2.73 a     51.00 ± 3.46 b     48.67 ± 1.20 b     44.8 ± 7.84 a     F = 20.823 

 Sig. = 0.001    Dry    9.00 ± 0.58 a     13.67 ± 1.45 b     9.67 ± 1.67 a     8.9. ± 1.68 a   

  After 2 h    Moist    194.0 ± 5.13 a     192.67 ± 9.03 a     205.00 ± 6.35 b     166.9 ± 8.3 c     F = 97.288 

 Sig. = 0.002    Dry    15.33 ± 0.88 a     11.00 ± 2.08 b     9.67 ± 1.53 c     13.1 ± 1.7 d   

  After 3 h    Moist    210.33 ± 7.22 a     190.67 ± 3.84 b     208.33 ± 6.98 a     191.9 ± 17.8 b     F = 67.30 

 Sig. = 0.001    Dry    16.67 ± 1.20 a     14.67 ± 1.45 a     15.67 ± 1.20 a     14.9 ± 3.68 a   

  Table 5       Microbial Pathogen 

Load of  C. maculatus  in 

Selected Sites in diff erent 

locations  

 Coliforms,  S. aureus, Salmonella spp.  and  Shigella  spp. recorded 0.00 ± 0.00. Means having the same 

alphabet within the column are not signifi cantly diff erent from each other using ANOVA and Tukey’s test 

at p < 0.05 

  Isolates    Sites    Location counts  

  Bacterial colony counts (×  10 9  CFU/ml)  

  Ibule (LDZ)    FUTA (MDZ)    Orita Obele (HDZ)  

   Bacillus  spp    1    33.00 ± 2.65 b     18.00 ± 2.08 b     78.00 ± 3.46 a   

  2    22.00 ± 2.89 a     8.67 ± 0.88 a     80.00 ± 0.58 a   

  3    22.00 ± 1.53 a     13.67 ± 1.20 ab     89.00 ± 2.65 a   

      Fungal counts (×  10 9  SFU/ml)  

   Aspergillus  spp.    1    18.00 ± 0.58 a     13.67 ± 1.45 a     13.67 ± 1.45 a   

  2    20.33 ± 1.76 a     8.67 ± 0.33 a     85.33 ± 2.03 c   

  3    14.67 ± 1.86 a     9.33 ± 1.45 a     72.00 ± 2.65 b   
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    Assessment of the Microbial Pathogen Load 
in the spoilt food samples 

 Upon subjecting the spoilt food samples to a dilution 

factor of  10 9 , noticeable and significant colony growth 

was observed in the microbial analysis. Notably,  Bacil-
lus  spp. exhibited the highest colony growth on Nutrient 

agar, recorded at 133.44 ± 11.12  CFU/ml (Table   6 ). In 

contrast,  S. aureus  displayed the lowest colony growth at 

9.33 ± 2.42 CFU/ml among the cultured samples (Table  6 ). 

 Escherichia coli  presented a substantial level of contami-

nation with a colony growth of 59.78 ± 9.07  CFU/ml, 

although it did not reach the levels observed for  Bacillus  spp. 

(133.44 ± 11.12 CFU/ml). This suggests a signifi cant pres-

ence of  E. coli  in the spoilt food samples (Table  6 ). While  S. 
aureus  showed a comparatively lower contamination level 

(9.33 ± 2.42a) than  Bacillus  spp. (133.44 ± 11.12 CFU/ml) 

and  E. coli  (59.78 ± 9.07 CFU/ml), it remained statistically 

signifi cant, indicating its presence in the spoilt food. Mod-

erate levels of  Salmonella  and  Shigella  spp. contamination, 

with a colony growth of 28.44 ± 0.60 CFU/ml (Table  6 ) sug-

gested the presence of  Salmonella  and  Shigella  spp. in the 

spoilt food samples. Similarly, Potato Dextrose Agar con-

taining  Aspergillus  spp. displayed a moderate contamina-

tion level of 42.00 ± 7.64 SFU/ml (Table  6 ), indicating the 

presence of  Aspergillus  spp. in the spoilt food samples.  

    Microbial evaluation of the fresh food exposed 
to infected ants from the contaminated food 

 In Orita Obele,  Bacillus  spp. had the highest mean count 

of 20.22 ± 0.89 CFU/ml with  Aspergillus  spp. recording 

the lowest (6.67 ± 0.62 SFU/ml). Significant microbial 

loads containing  E. coli  (11.33 ± 0.76 CFU/ml),  S. aureus  
(13.78 ± 1.53  CFU/ml), and  Salmonella/Shigella  spp. 

(9.00 ± 0.82 CFU/ml) were observed (Table  6 ). Variations 

in microbial load (p < 0.05) showed that the SFU/ml of 

 Aspergillus  spp. and CFU/ml of  Salmonella/Shigella  were 

not signifi cantly diff erent (p > 0.05). Meanwhile,  Bacillus  
spp. showed a signifi cant diff erence compared to  S. aureus  
and  E. coli . 

 The  C. maculatus  ants in MDZ (FUTA) showed signifi -

cant variations in microbial pathogen population after inter-

acting with healthy food, sequelled to foraging on spoilt food 

samples. There was a signifi cant diff erence (p < 0.05) among 

some CFU units of pathogens observed from this location, 

while some showed no signifi cant diff erences (p > 0.05). For 

example, results obtained from  E. coli  (6.89 ± 0.56 CFU/ml) 

showed no signifi cant diff erence compared to that of  Asper-
gillus  spp. (10.33 ± 0.62 SFU/ml).  Bacillus  spp. showed sig-

nifi cant variation (17.89 ± 0.92 CFU/ml) in microbial load 

compared to that of  Salmonella/Shigella  and  S. aureus ,  E. 
coli  and spore forming unit of  Aspergillus  spp. 

 Results obtained after  C. maculatus  interacted with 

healthy food in Ibule showed there was no signifi cant dif-

ference (p > 0.05) between the microbial colony count for 

 E. coli  (16.33 ± 0.87 CFU/ml) and  Salmonella/Shigella  spp. 

(14.22 ± 1.18 CFU/ml) (Table  6 ). Similarly,  S. aureus  colony 

count (11.11 ± 0.72 CFU/ml) showed no signifi cant diff er-

ence compared to that of  Aspergillus  spp. (11.22 ± 0.66 SFU/

ml). Also, the microbial colony counted for  Aspergillus  spp. 

(11.22 ± 0.66 SFU/ml) and  S. aureus  (11.11 ± 0.72 CFU/ml) 

were signifi cantly diff erent (p < 0.05) from that of  Bacillus  
spp. (20.78 ± 0.85 CFU/ml),  E. coli  (16.33 ± 0.87 CFU/ml), 

and  Salmonella/Shigella  spp. (19.11 ± 1.06 CFU/ml). 

     Discussion 

 The research conducted in the study areas revealed diff er-

ences in relative abundance of  C. maculatus.  High relative 

abundance of  C. maculatus  foraging in the high density and 

anthropized places inferred that the primary factors driving 

foraging behaviour in ants indoor is the clearing of their hab-

itats and food resources in the natural environment (Akin-

wande et al.  2024 ). The choice of foraging food attractants 

  Table 6       Microbial count of the spoilt food, ants that interacted with the fresh and spoilt food samples  

 Means having the same alphabet within the column are not signifi cantly diff erent from each other using ANOVA and Tukey’s test at p < 0.05 

  Isolates    Spoilt food Samples    Microbial Count on the Ants after Interaction 

with the Spoilt Food Samples  

  Microbial Pathogen Load vectored to Fresh 

food Samples by the ants  

  Microbial Pathogen Load    Bacterial counts 

(×  10 9  CFU/ml)  

  Orita Obele 

 (HDZ)  

  FUTA  

 (MDZ)  

  Ibule 

 (LDZ)  

  Orita Obele 

 (HDZ)  

  FUTA  

 (MDZ)  

  Ibule 

 (LDZ)  

   Bacillus  spp.    133.44 ± 11.12 d     26.11 ± 1.12 b     29.22 ± 2.59 c     26.67 ± 2.13 c     20.22 ± 0.89 d     17.89 ± 1.53 c     20.78 ± 0.85 c   

   Escherichia coli     59.78 ± 9.07 c     19.44 ± 1.86 ab     14.00 ± 1.20 b     17.00 ± 1.07 b     11.33 ± 0.76 bc     6.89 ± 0.56 a     16.33 ± 0.87 b   

   S. aureus     9.33 ± 2.42 a     17.78 ± 4.19 a     15.33 ± 1.26 b     24.11 ± 1.98 c     13.78 ± 1.53 c     11.11 ± 0.79 bc     11.11 ± 0.72 a   

   Salmonella/Shigella sp     28.44 ± 0.60 ab     21.56 ± 1.72 b     6.22 ± 0.78 a     19.11 ± 1.06 bc     9.00 ± 0.82 ab     14.22 ± 1.22 c     14.22 ± 1.18 a   

   Aspergillus  spp. (×  10 9  

SFU/ml)  

  42.00 ± 7.64 bc     77.22 ± 6.92 c     14.56 ± 2.68 b     23.78 ± 1.76 c     6.67 ± 0.62 a     10.33 ± 0.62 ab     11.22 ± 0.66 a   
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for  C. maculatus  may inadvertently impact the abundance of 

the ants in the environment (Bambang et al.  2023 ). Further-

more, the variation in the distribution and presence indoor 

is dependent on the geographically delineation of the study 

areas using vegetation and human population density, this 

opinion aligned with Sharaf et al. ( 2017 ) and Akinwande 

et al. ( 2024 ). Site variations in the ants’ presence and abun-

dance suggest that ecological conditions at each location 

probably infl uence the ant distribution (Sharaf et al.  2017 ). 

Habitat characteristics, resource availability and interspecifi c 

competition are other known factors that might also infl u-

ence the ant community structures (Andersen and Sparling 

 1997 ). 

 Again, in the study, the foraging behaviour of ants is 

infl uenced by the needs of the colony as a whole (Ganesh 

and Avalokiteswar  2018 ), Ants are highly adaptive, the 

insect can adjust their foraging behaviour based on the 

availability, abundance and distribution of food resources 

(Nyamukondiwa and Addison  2014 ). Ant colonies operate 

as superorganisms, with individual ants working together 

or cooperatively (Wilson  2003 ) to meet the needs of the 

colony. In this regards, colony size, reproductive status, and 

nutritional requirements infl uence the intensity and direction 

of foraging eff orts. Observations showed the food attractive-

ness, the food quality and location drive the ants discovery 

of food for forage, recruitment of foraging members and 

foraging process. Although, we do not investigate the chemi-

cal driver of the foraging behaviour of the ants, but the ants 

were known to use pheromones to recruit nest mates to food 

discoveries, establish effi  cient foraging trails, and navigate 

complex environments (Dussutour et al.  2009 ). 

 Foraging patterns of  C. maculatus , observed to be diurnal 

with peak activity during late evenings to early morning 

align with general ant foraging behaviour (Hölldobler and 

Wilson  1990 ). The preferences for group foraging and reli-

ance on pheromone trails emphasize the cooperative nature 

of  C. maculatus  colonies, supporting existing knowledge of 

the ant foraging behaviour (Wilson  2003 ). The capability of 

 C. maculatus  to cover substantial distances in search of food 

stresses broader understanding of ant foraging behaviour, 

crucial for their survival and effi  cient resource exploitation 

(Hölldobler and Wilson  1990 ; Wilson  2003 ). For survival 

and effi  cient resource exploitation, the worker ants display 

a swift and coordinated response to the discovery of food 

(Hölldobler and Wilson  1990 ; Gordon  2010 ) and the behav-

iour of diligent food storage by  C. maculatus  ants contrib-

utes to the overall resilience of the colony foraging in the 

presence of continuous supply of food resources over time 

(Judd  2011 ). 

 The study established that  C. maculatus  ants have pref-

erence for sugary food sources and food with high mois-

ture contents. The ant exhibition for a strong preference for 

sugar is not only because of taste but also for the moisture 

contents which add a nuanced layer to their foraging behav-

iour (Nyamukondiwa and Addison  2014 ). The question has 

been why sugary food? Perhaps due to its abundance, ease of 

storage, high energy levels, and straightforward digestibility 

(Barbani  2003 ; Buczkowski and Bennett  2006 ; Went et al. 

 1972 ). The liquid nature of sugar makes it an optimal choice 

for ants, which lack the ability to digest solid food particles 

and rely on semi-liquid substances (Ricks and Vinson  2004 ). 

The moisture creates a solution that disperses the sugar mol-

ecules, making it more detectable through chemical cues 

such as scent trails (Lanza et al.  1993 ). Moistened sugar 

contain trace amounts of other substances such as minerals, 

that are important for ant nutrition (Blüthgen and Fiedler 

 2004 ). This nutritional factors infl uence the ants’ attraction 

to moistened sugar in the study. 

 The research findings using selective media analysis 

revealed the absence of certain pathogens in  C. macula-
tus , suggesting lack of association. However, the presence 

of  Bacillus  spp. and  Aspergillus  spp. indicates the natural 

microbiota harboured by these ants. This is in agreement 

with studies by Máximo et al. ( 2014 ); Simothy and Maho-

moodally ( 2018 ) and Alharbi et al. ( 2019 ). These researchers 

have explored the microbial composition in ants, empha-

sizing the prevalence of bacteria species and highlighting 

the selective nature of diff erent growth media. Variation in 

microbial counts and the presence of diverse fungi across 

study locations indicates the influence of environment. 

Therefore, foraging environmental factor aff ects microbial 

diversity vectored by ants (Zientz  2005 ; Simothy and Maho-

moodally  2018 ) and the presence and growth of diverse fun-

gal species in ant-associated environments (Zientz  2005 ; 

Simothy and Mahomoodally  2018 ). In this study, we do not 

investigate the mechanism by which the ants dispersed the 

pathogens on the foraging food substances, However, Paul 

and Roces ( 2019 ) investigated the mouth part morphol-

ogy of ants and its implications for pathogen transmission, 

certain ant species has a specialized mandibles and mouth 

parts which are more effi  cient at piercing plant tissues and 

insect cuticles, potentially facilitating the transmission of 

pathogens. The dispersal of pathogens by ants and their 

potential impact on environmental contamination consented 

with research by Alharbi et al. ( 2019 ), in which ants were 

discovered to transport and disseminate pathogens across 

landscapes, particularly in agricultural and urban settings 

where ants interact with human activities and structures. 

 Spoilt food samples showed signifi cant colony growth 

of  Bacillus  spp. and  E. coli  supporting fi ndings by Zar-

zuela et al. ( 2005 ) regarding potential health risks associ-

ated with food-borne pathogens in spoilt foods foraged by 

ants. The ants demonstrated the potential to pick up and 

carry these food-borne pathogens from contaminated food 

sources to healthy food with variations across locations 

suggesting infl uence of environmental factor. In one of 
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the study areas here, Orita-Obele,  C. maculatus  exhibited 

the potential to carry and disseminate diverse pathogens. 

Similar observations were made by Zarzuela et al. ( 2005 ) 

and Ogba et al. ( 2017 ) with research study highlighting 

ants as vectors for various microorganisms in some stud-

ied environment. The signifi cant variations in microbial 

pathogen populations from ants in FUTA highlight the 

dynamic nature of ant-mediated transmission, this poses 

a great challenge for food safety protocols according to 

Konrad et al. ( 2015 ) and Ramalho and Moreau ( 2023 ). In 

Ibule, similar transmission dynamics were observed for 

Coliforms,  Salmonella  spp and  Shigella  spp., suggesting 

shared transmission patterns within the ant population. 

Segers and Kaltenpoth ( 2019 ) suggests that certain bacte-

rial species may have comparable transmission patterns 

within ant colonies. Therefore, the signifi cant diff erences 

in microbial colony counts suggests a selective transmis-

sion pattern by  C. maculatus  with variations across diff er-

ent environmental locations. 

    Conclusion 

  C. maculatus  are attracted to food by preference and the 

nature of the food. The number of ants attracted to the food 

is dependent on the food attractiveness and the location 

as factored by the environmental conditions that drive the 

ants indoor. The environment and the evolutionary rela-

tionship or interactions with some pathogens infl uence 

the potential to carry some of the pathogens from con-

taminated food sources to stored, freshly cooked or ready 

-to-eat food..Our study emphasizes the need for awareness 

regarding the presence of ants in indoor environment and 

on food. The variations in microbial colony counts in  C. 
maculatus  across the diff erent locations show the pathogen 

transmission pattern is driven by the environment and the 

food sources. Hence, it is imperative to control ants par-

ticularly  C. maculatus  spp invading indoor. 

       Acknowledgements     We are grateful to Mr Adewale Praiseworth, 

Department of Biology, Federal University of Technology, Akure, for 

his contributions.  

  Author contribution     KLA Conceived the experiments and supervised 

it. OOO carried out the experiments together with KLA, BA com-

piled the data and KLA analyzed the data and wrote the manuscript.

All authors reviewed the manuscript.  

  Funding     The research did not receive any grant from funding agencies 

in the public, commercial or not for profi t sectors.  

  Availability of data and material     All data used in this study are avail-

able from the corresponding author upon reasonable request.  

  Declarations    

   Competing interest     There is no confl ict of interest exists for all par-

ticipating authors. 

    Ethical approval     Not applicable. 

    Consent to participate     The entire areas of study are within the areas 

the university researchers use. 

    Consent for publication     The two authors have agreed to publish the 

fi ndings from the research.   

  References 

   Akinwande, K. L., ·Omolara, B. A.: Praiseworth, O. A: Anthropization 

drives in-door establishment, dispersal and foodborne pathogens’ 

carrying capacity of ants (Hymenoptera: Formicidae). Proceed-

ings of the Indian National Science Academy (2024)   https:// doi. 

org/ 10. 1007/ s43538- 024- 00274-1      

                                               Alharbi, J.S., Alawadhi, Q., Leather, S.R.: Monomorium ant is a carrier 

for pathogenic and potentially pathogenic bacteria. BMC. Res. 

Notes  12 , 230 (2019).   https:// doi. org/ 10. 1186/ s13104- 019- 4266-4      

                                          Andersen, A.N., Hoff mann, B.D.: Responses of ants to disturbance in 

Australia, with particular reference to functional groups. Austral 

Ecol.  28 (4), 444–464 (2003)  

                                          Andersen, A.N., Sparling, G.P.: Ants as indicators of restoration suc-

cess: relationship with soil microbial biomass in the Australian 

seasonal tropics. Restoration Ecol.  5 , 109–114 (1997).   https:// doi. 

org/ 10. 1046/j. 1526- 100X. 1997. 09713.x      

                                                                       Bambang, T.R., Faiz, N.M., Yogo, S., Aksha, F., Muhammad, I., 

Dennis, W.: Ito, F: Ant preference for diff erent types of bait at 

sugarcane plantations in East Java, Indonesia. Biodiversitas  24 , 
2099–2106 (2023)  

   Barbani, L.E: Foraging Activity and Food Preferences of the Odorous 

House Ant (Tapinoma sessile Say) (Hymenoptera: Formicidae). 

Master’s Thesis. Faculty of Virginia Polytechnic Institute and 

State University.Page 1–22.(2003).  

                                             Blüthgen, N., Fiedler, K.: Preferences for sugars and amino acids and 

their conditionality in a diverse nectar-feeding ant community. 

J. Anim. Ecol.  73 (1), 155–166 (2004).   https:// doi. org/ 10. 1111/j. 

1365- 2656. 2004. 00789.x      

                                                            Bruna, R., Machado, O., Ferreira, L., de S., Raquel, C. S., Thiago, C. 

N, Marcelo, S. M, Jorge Luiz, F: Ants as vectors of bacteria in 

hospital environments. J. Microbiol. Res.  7 (1), 1–7 (2017).   https:// 

doi. org/ 10. 5923/j. micro biolo gy      

                               Buczkowski, G.: Bennett, G: Dispersed central-place foraging in the 

polydomous odorous house ant,  Tapinoma sessile  as revealed by 

a protein marker. Insectes Soc.  53 (3), 282 (2006)  

                                                          Chang, J., Powell, S., Robinson, E., Donaldson-Matasci, M.: Nest 

choice in arboreal ants is an emergent consequence of network 

creation under spatial constraints. Swarm Intell.  15 (1–2), 7–30 

(2021)  

                                                                     Corbin, C., Jones, J.E., Chrostek, E., Fenton, A., Hurst, G.D.D.: Ther-

mal sensitivity of the Spiroplasma-Drosophila hydei protective 

symbiosis: the best of climes, the worst of climes. Mol. Ecol. 

 30 (5), 1336–1344 (2021).   https:// doi. org/ 10. 1111/ mec. 15799      

                                                        de Angel Dutra, D., Poulin, R., Ferreira, F.C.: Evolutionary conse-

quences of vector-borne transmission: how using vectors shapes 

host, vector and pathogen evolution. Parasitology  149 (13), 1667–

1678 (2022).   https:// doi. org/ 10. 1017/ S0031 18202 20013 78      

                                                                     Dussutour, A., Nicolis, S.C., Shephard, G., Beekman, M., Sumpter, 

D.J.: The role of multiple pheromones in food recruitment by 



639Proceedings of the Indian National Science Academy (2026) 92:628–640 

ants. J. Exp. Biol.  212 (Pt 15), 2337–2348 (2009).   https:// doi. org/ 

10. 1242/ jeb. 029827      

   Ganesh G., Avalokiteswar S. (2018) Foraging and predatory activities 

of ants. In: Vonnie Shields (Ed.) The Complex World of Ants 

InTech.  

   Gordon, D.M.: Ant encounters. Interactions Networks and Colony 

Behaviour. Princeton University Press, 167 p. (2010).  

                         Heck, M.: Insect transmission of plant pathogens: systems biology 

perspective. mSystems (2018).   https:// doi. org/ 10. 1128/ mSyst 

ems. 00168- 17      

                                    Hölldobler, B., Wilson, E.O.: The Ants, p. 732. Belknap Press of Har-

vard University, Cambridge MA (1990)  

   Judd, T.: The role of food storage and communication in the evolution 

of perennial social hymenopteran colonies. Social Insects: Struc-

ture, Function, and Behaviour. 1–24.(2011).  

   Kass, J. M., Benoit. G., Kenneth, L. Dudley, Clinton N.. Jenkins, F. 

A., Brian. L. F., Catherine, L. P., Heloise, G., John, T,. Longino, 

P. S., Ward, A. C., David, L., Michael, W.,, Walter, J., Robert, 

G., Rumsaïs, B., James, D. L,., David, A. D., Christos, G,., Kiko 

Gomez, Peter G. Hawkes, R. A., Johnson, John E., Lattke, J. A., 

MacGown, W., Mackay, S, R., Nathan, J. S.,, Robert R. D., Evan, 

P. E:.The global distribution of known and undiscovered ant bio-

diversity. Sci. Adv .   l8  No.31(2022)  

                               Kilpatrick, A.M.: Globalization, land use, and the invasion of West Nile 

virus. Science  334 , 323–327 (2011)  

                                               Konrad, M., Grasse, A.V., Tragust, S.: Cremer, S: Anti-pathogen pro-

tection versus survival costs mediated by an ectosymbiont in an 

ant host. Proceed Royal Soc B: Bio Sci.  282 , 20141976 (2015). 

  https:// doi. org/ 10. 1098/ rspb. 2014. 1976      

                                                             Lanza, J., Edward, L.V., Sandeep, P., Yu, Z.C.: Preferences of the fi re 

ants  Solenopsis invicta  and  S. geminata  (Hymenoptera: Formici-

dae) for amino acid and sugar components of extrafl oral nectars. 

Environ. Entomol.  22 (2), 411–417 (1993).   https:// doi. org/ 10. 

1093/ ee/ 22.2. 411      

                                               Lima, W.R., Marques, G., Rodrigues, F.S.: Ants in a hospital environ-

ment and their potential as mechanical bacterial vectors. Rev. Soc. 

Bras. Med. Trop.  46 (5), 637 (2013)  

                                               Lv, C., Huang, Y.Z., Luan, J.B.: Insect-microbe symbiosis-based strate-

gies off er a new avenue for the management of insect pests and 

their transmitted pathogens. Crop Health.  2 , 18 (2024).   https:// doi. 

org/ 10. 1007/ s44297- 024- 00038-9      

                                                               Máximo, H., Felizatti, H., Ceccato, M., Cintra-Socolowski, P., Beretta, 

A.: Ants as vectors of pathogenic microorganisms in a hospital in 

São Paulo county. Brazil. BMC Res Notes.  7 , 554 (2014).   https:// 

doi. org/ 10. 1186/ 1756- 0500-7- 554. [PMCfr eeart icle] [PubMed] 

[Cross Ref] [Googl eScho lar]      

                               Moreau, C.S.: Symbioses among ants and microbes. Curr Opinion 

Insect Sci.  39 , 1–5 (2020)  

                                                                  Moreira, D., Morais, V.D., Vieira-da-Motta, O., Campos-Farinha, 

A.E.D.C., Tonhasca, A.: Ants as carriers of antibiotic-resistant 

bacteria in hospitals. Neotrop. Entomol.  34 , 999–1006 (2005). 

  https:// doi. org/ 10. 1590/ S1519- 566X2 00500 06000 17. [Cross Ref] 

[Googl eScho lar]      

                                               Moya, A., Pereto, J., Gil, R.: Latorre, A: Learning how to live together: 

genomic insights into prokaryote-animal symbioses. Nat. Rev. 

Genet.  9 , 218–229 (2008)  

                                       Nyamukondiwa, C., Addison, P.: Food preference and foraging activity 

of ants: recommendations for fi eld applications of low-toxicity 

baits. J. Insect Sci.  14 , 48 (2014).   https:// doi. org/ 10. 1093/ jis/ 14.1. 

48      

                                                 Ogba, O.M., Akpan, A.A., Olorode, O.A., Bassey, O.I.: The public 

health importance of the association between  Camponotus con-
sobrinus  and potential bacterial pathogens in human dwellings. 

J. Microbiol. Exp. (2017).   https:// doi. org/ 10. 15406/ jmen. 2017. 

05. 00175      

                                                          Oliveira, F.M.P., Ribeiro-Neto, J.D., Andersen, A.N., Leal, I.R.: 

Chronic anthropogenic disturbance as a secondary driver of ant 

community structure: interactions with soil type in Brazilian 

 Caatinga . Environ. Conserv.  44 , 115–123 (2016).   https:// doi. org/ 

10. 1017/ S0376 89291 60002 91      

                                                                          Oliveira, B.R.M., Sousa, D.E.L.F., Soares, R.C., Nascimento, T.C., 

Madureira, M.S., Fortuna, J.L.: Ants as vectors of bacteria in hos-

pital environments. J. Microbiol. Res.  7 (1), 1–7 (2017)  

                                                                          Onyango, G.M., Bialosuknia, S.M., Payne, A.F., Nicholas, M., Ciota, 

A.T., Kramer, L.D.: Increase in temperature enriches heat tolerant 

taxa in Aedes aegypti midguts. Sci. Rep.  10 (1), 19135 (2020). 

  https:// doi. org/ 10. 1038/ s41598- 020- 76188-x      

                                              Paul, J., Roces, F.: Comparative functional morphology of ant mouth-

parts and signifi cance for liquid food intake. In: Krenn, H. (ed.) 

Insect Mouthparts Zoological Monographs. Springer, Cham 

(2019)  

                               Pereira, R.: Ueno, Mariko: Ants as carriers of microorganisms in hospi-

tal environments. Rev. Soc. Bras. Med. Trop.  41 , 492–495 (2008)  

                                                          Pérez-Rodríguez, A., de la Hera, I., Fernández-González, S., Pérez-

Tris, J.: Global warming will reshuffl  e the areas of high preva-

lence and richness of three genera of avian blood parasites. Global 

Change Biol.  20 , 2406–2416 (2014)  

                                       Perfecto, I., Snelling, R.: Biodiversity and the transformation of a 

tropical agroecosystem: Ants in coff ee plantations. Ecol. Appl. 

 5 , 1084–1097 (1995)  

                                                  Philip, S.W., Bonnie, B.B., Brian, L.: F: A revised phylogenetic clas-

sifi cation of the ant subfamily Formicinae (Hymenoptera: Formi-

cidae), with resurrection of the genera Colobopsis and Dinomyr-

mex. Zootaxa  4072 (3), 343–357 (2016)  

                                     Pierre-Olivier, M.: Alizon, S: What is a pathogen? Toward a pro-

cess view of host-parasite interactions. Virulence  5 (8), 775–785 

(2014).   https:// doi. org/ 10. 4161/ 21505 594. 2014. 960726      

                               Powell, J.: R: An evolutionary perspective on vector-borne diseases. 

Front Genetics.  10 , 1–11 (2019)  

                                             Ramalho, M.O., Moreau, C.S.: Untangling the complex interac-

tions between turtle ants and their microbial partners. Anim 

Microbiome.  5 (1), 61–68 (2023).   https:// doi. org/ 10. 1186/ s4252 

3022- 00223-7      

                                                          Ratcliff e, N.A., Mello, C.B., Castro, H.C., Dyson, P.: Figueiredo, M: 

Immune reactions of vector insects to parasites and pathogens. 

Microorganisms  12 (3), 568 (2024).   https:// doi. org/ 10. 3390/ micro 

organ isms1 20305 68      

                                          Ricks, B.L., Vinson, S.B.: Digestive enzymes of the imported fi re ant. 

Entomol. Exp. Appl.  15 (3), 329–334 (2004)  

                                                             Rocha, D.M., Barbosa dos Santos, L.M., Paulo Vicente, A.C., Maciel-

de-Freitas, R.: Eff ects of environment, dietary regime and ageing 

on the dengue vector microbiota: evidence of a core microbiota 

throughout Aedes aegypti lifespan. Mem. Inst. Oswaldo Cruz 

 9 (111), 577–587 (2016).   https:// doi. org/ 10. 1590/ 0074- 02760 

160238      

                                             Sanchez-Contreras, M., Isabella, Vlisidou.: The diversity of insect 

bacteria interactions and its applications for disease control. Bio-

technol. Genet. Eng. Rev.  25 (1), 203–244 (2008).   https:// doi. org/ 

10. 5661/ bger- 25- 203      

   Santiago-Alarcon, D:  A meta-analytic approach to investigate mosqui-
toes’ (Diptera: Culicidae) blood feeding preferences from non-
urban to urban environments . In Gutiérrez-López R, Logan JG 

and Martínez-de la Puente J (eds), Ecology of Diseases Transmit-

ted by Mosquitoes to Wildlife. Wageningen: Wageningen Aca-

demic Publishers, pp. 161–177 (2022)   https:// doi. org/ 10. 3920/ 

978- 90- 8686- 931-2_9    . [CrossRef] [Google Scholar]/  

                                               Santos, P.F., Fonseca, A.R., Sanches, N.M.: Formigas ( Hymenop-
tera :  Formicidae ) como vetores de bactérias em dois hospitais 

do municípiode Divinópolis, Estado de Minas Gerais. Rev. Soc. 

Bras. Med. Trop.  42 , 565–569 (2009)  



640 Proceedings of the Indian National Science Academy (2026) 92:628–640

                               Sarwar, M.: Insect vectors involving in mechanical transmission of 

human pathogens for serious diseases. Int J Bioinform Biomed 

Eng.  1 , 300–306 (2015)  

                                             Segers, F.H.I.D., Kaltenpoth, M.: Foitzik, S: Abdominal microbial 

communities in ants depend on colony membership rather than 

caste and are linked to colony productivity. Ecol. Evol.  9 (23), 

13450–13467 (2019).   https:// doi. org/ 10. 1002/ ece3. 5801      

                                                             Sharaf, M.R., Fisher, B.L., Collingwood, C.A., Aldawood, A.S.: Ant 

fauna (Hymenoptera Formicidae) of the Socotra Archipelago 

(Yemen) Zoogeography, distribution and description of a new spe-

cies. J. Nat. History.  51 (5–6), 317–378 (2017).   https:// doi. org/ 10. 

1080/ 00222 933. 2016. 12711 57      

                         Shaw, W.R.: Catteruccia, F: Vector biology meets disease control: 

using basic research to fi ght vector-borne diseases. Nat. Microbiol. 

(2019).   https:// doi. org/ 10. 1038/ s41564- 018- 0214-7      

                                          Simothy, L., Mahomoodally, F.: Neetoo, H: A study on the potential of 

ants to act as vectors of foodborne pathogens. AIMS Microbiol. 

 4 (2), 319–333 (2018)  

                                                               Stathopoulos, S., Neafsey, D.E., Lawniczak, M.K.N., Muskavitch, 

M.A.T., Christophides, G.K.: Genetic dissection of Anopheles 

gambiae gut epithelial responses to Serratia marcescens. PLoS 

Pathog.  10 , 1003897 (2014).   https:// doi. org/ 10. 1371/ journ al. ppat. 

10038 97      

                                                       Waterfi eld, N., Hares, M., Hinchliff e, S., Wren, B.: Ffrench-Constant, 

R: The insect toxin complex of Yersinia. Adv. Exp. Med. Biol. 

 603 , 247–257 (2007)  

                                                  Went, F.W., Wheeler, J., Wheeler, G.C.: Feeding and digestion in some 

ants. Bioscience  22 (2), 82–88 (1972)  

                         Wilson, E.O.: Pheidole in the New World: A Dominant, Hyperdiverse 

Ant Genus. Harvard University Press, Cambridge, United States 

(2003)  

                                               Zarzuela, M.F.M., Ribeiro, M.C.C., Campos-Farinha, A.E.: C: Dis-

tribuição de formigas urbanas em um hospital da Região Sudeste 

do Brasil. Arq. Inst. Biol.  69 , 85–87 (2002)  

                                               Zarzuela, M.F.M., Campos-Farinha, A.E.C., Peçanha, M.: Evaluation 

of urban ants (Hymenoptera: Formicidae) as carriers of pathogens 

in residences and industrial Environments. Sociobiology  45 , 9–14 

(2005)  

                                                       Zientz, E., Feldhaar, H., Stoll, S., Gross, R.: Insights into the micro-

bial world associated with ants. Arch. Microbiolgy.  184 , 199–206 

(2005)   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2026-05-16T17:35:31+0530
	Preflight Ticket Signature




