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ABSTRACT

Ants play a vital role in removing dead arthropods from the environment. Complex 
foraging patterns are used by ants to locate food items and overwhelm even larger insects 
such as cockroach. Consequently, the biotic interaction between the ants and the American 
cockroach, Periplaneta americana, another home infesting and a vector of major food-
borne diseases, may lead to microbial handover and ease the spread of mechanically 
transmitted human pathogenic microbes. This study was done to determine the diversity 
and abundance of cockroach-foraging ants in Nasarawa State, Nigeria. Ten households 
were randomly selected from 14 locations: 5 residential communities from three most 
urbanized areas (Lafia, Akwanga, and Keffi) and 5 rural communities. Four remaining 
locations were nonresidential from Lafia and Akwanga, respectively. A total of 1,364 ants 
belonging to three subfamilies (Myrmicinae, Formicinae, and Ponerinae) were collected 
from 140 households. Pheidole rugaticeps Emery recorded the highest relative abundance 
(52%) followed by Pheidole decarinata Santschi (16%), Pheidole sp. (17%), Camponotus 

maculatus (7%), Paratrechina longicornis 
(7%), while both Crematogaster sp. and 
Brachyponera sennaarensis recorded the 
lowest relative abundance (1%). There 
is a significant difference in the species 
diversity between the urban and the rural 
communities. Pheidole rugaticeps, P. 
decarinata, Pheidole sp., and P. longicornis 
were more organized in foraging and 
operating in group by recruiting nest-mate 
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for collecting fragments of dead cockroach. 
Studies on the epidemiology, conservation 
implications, and biocontrol potentials of 
these Pheidole species are recommended.
Keywords: Abundance, diversity, Periplaneta 
americana, Pheidole, scavenging ants, rural, urban

INTRODUCTION

Ants are vital arthropod pests associating 
with human habitation and have a diverse 
ecological significance in several ecosystems 
(Hölldobler & Wilson, 1990). About fifty 
ant species are reported to have adapted to 
the urban setting due to its heterogeneity 
that offers them food, nesting sites and 
biotic interactions (Benson & Harada, 
1988; Hölldobler & Wilson, 1990; Reyes-
Lopez et al., 2003). Some ants can live 
outdoors and forage indoors while others 
nest indoors and previous studies have 
noted that foraging activities of ants may be 
detrimental or beneficial (Gathalkar & Sen, 
2018). Many ants invade human dwellings 
and cause serious direct and indirect harm, 
including human health issues, building 
damage, and interruption of other wildlife. 
As scavengers, they play a massive role in 
emptying the environment of arthropods. 
Their high rate of scavenging habit suggests 
how considerably successful they are at 
locating invertebrates carcasses than other 
scavengers like flies, cockroaches, and 
vertebrates (Tan & Corlett, 2012). They 
remove the whole or fragments of the dead 
invertebrates by using complex foraging 
patterns (Moffett, 1988), such as recruiting 
other nest-mates (Tan & Corlett, 2012) 
and/or mass foraging density (Beckers et 

al., 1989). This group operation as well as 
aggression assist them to overpower even 
relatively larger insects (Tan & Corlett, 
2012), and foraging abilities of many ant 
species may have a devastating effect on 
the biodiversity of local taxa.

Moreover, the gathering and the 
storage of corpses and feces by ants 
have been shown to have tremendous 
effects on other lives and chemical 
components around them (Dauber et al., 
2001; Dauber & Wolters, 2000; Lavelle 
et al., 1997; Petal, 1998). Previous studies 
have revealed that bacteria can remain 
viable and persist within the nest of ant 
becoming a reservoir for infection of other 
members of the colony (Beatson, 1972). 
Their presence in the ecosystem directly 
enables the spread of human pathogens 
(Boursaux-Eude & Gross, 2000; Fonseca 
et al., 2010). Contamination of hospital 
apparatuses by ants leads to the mechanical 
transmitting of diseases (Eichler, 1990; 
Lima et al., 2013), allergies, stings, and 
bites (Goddard, 1993; Syukriah Sabtu & 
Ab Majid, 2020; Williams et al., 2001), 
and food contamination (Lee, 2001). In 
the tropics, many ant species have already 
been incriminated as vectors of pathogens 
(Sarwar, 2015). Food-borne disease 
pathogens such as Serratia, Citrobacter, 
Klebsiel la ,  Enterobacter ,  Proteus , 
Staphylococcus, and Yersinia pestis were 
isolated from ants (De Zarzuela et al., 2005; 
Simothy et al., 2018). Vibrio cholerae has 
previously been recovered from both ants 
and cockroaches (Sarwar, 2015). Yet, data 
on the ant’s role in mechanical transmission 
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of human pathogens is scanty compared to 
flies or cockroaches (Sarwar, 2015).  

American cockroaches (Periplaneta 
americana) are one of the house-infesting 
invertebrates (Graczyk et al,  2005; 
Mpuchane et al., 2005) that are frequently 
seen in bathrooms, toilets and other parts of 
the houses (Dehghani et al., 2014). They are 
ideal carriers of various pathogens due to the 
filthy nature of their breeding and feeding 
habits (Chaichanawongsaroj et al., 2004; 
Graczyk et al., 2005). They play a vital role 
in spreading major food-borne diseases like 
diarrhea, dysentery, cholera, tuberculosis, 
and typhoid fever (Fotedar et al., 1992; 
Graczyk et al., 2005; Saitou et al., 2009). 
More species of pathogens are harbored 
by P. americana than any other cockroach 
species studied (Pai et al., 2003; Prado et 
al., 2002). Recently, the infestation trend 
of cockroaches has increased in household 
environments (Nasirian, 2017). Dead P. 
americana can frequently be observed 
around houses due to high infestation which 
attracts foraging ants into the house. The 
foraging activities may lead to microbial 
interchange and can be of epidemiological 
concerns as ants presence can ease the 
propagation and spread of human pathogens 
(Boursaux-Eude & Gross, 2000; Fonseca 
et al., 2010). Therefore, this study was to 
determine the diversity, abundance, and 
foraging behavior of ants scavenging on 
American cockroach in various habitats of 
Nasarawa State, Nigeria. The data from the 
study can be useful in managing household 
pests, especially mechanical vectors that 
spread diseases.

MATERIALS AND METHODS

Study Area and Sampling

This study was done to determine the 
diversity, abundance, and foraging behavior 
of ants scavenging on American cockroach 
in various habitats of Nasarawa State located 
in a middle belt of Nigeria with an estimated 
land area of 2,733km2 and a population size 
of 330,720 according to the 2006 census by 
the National Population Commission. Ten 
households were randomly selected based on 
the consent of the households and relevant 
authorities from 14 locations, 5 residential 
communities from three most urbanized 
areas, which includes Lafia (Lafia East, 
Shinge, and Shabu), Keffi (GRA), Akwanga 
(low-cost housing estate) as well as 5 rural 
communities (Akunza, Gandu, Akunzan 
Sama, Gwandare, and Kurikyo). Four 
remaining locations were nonresidential 
areas including Federal University Lafia, 
Nasarawa State Polytechnic, Dalhatu Araf 
Specialist Hospital, and a primary healthcare 
center (PHC) from Lafia and Akwanga, 
respectively (Figure 1). Ethical clearance 
was obtained from the Ethics Committee of 
the State Ministry of Health, Nasarawa State, 
as the survey involves the use of insecticides 
(knock down, Guangzhou Konnor Daily 
Necessities Co., Ltd, Guangdong, China). 
In each community eight to ten households 
or sampling points were selected, where 
cockroaches and ants scavenging on 
American cockroach were collected in and 
around toilets, rooms, and kitchens after 
spraying insecticides. However, toilets and 
bathrooms were the most infested parts of 
residents by P. americana (Dehghani et 
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al., 2014). The sampling took place from 
November 2018 to February 2019. 

Observation of Foraging Behavior, 
Collection, and Identification of the 
Insects

The sample collection was done during 
night hours (20:00h to 22:00h) as American 
cockroaches are nocturnal insects. Flushing 
agents (knock down, Guangzhou Konnor 
Daily Necessities Co., Ltd.) were sprayed 
around cockroach observing spots such as 
toilets with the consent of the household 
(Alias et al., 2018). Thirty minutes after 
spraying the insecticide, we returned to 
the location and made the observations. 
The cockroaches were observed and 
recorded. Ants foraging on the live and 
dead cockroaches were monitored in and 
around the sprayed toilets. Dead American 

cockroaches were also placed along the ant 
trail routes in the selected houses. Where 
ants were observed collecting or foraging 
on live or dead cockroaches, both the ants 
and the host cockroaches were collected and 
preserved in 70% ethanol solutions for further 
analysis in the laboratory. Ants scavenging 
both dead and life cockroaches were gently 
scooped into a 20 ml vial container and 
the cockroaches that have not hosted ants 
were collected into a jar containing 70% 
alcohol solution for preservation for later 
analysis. Several ant species foraging 
around each cockroach were recorded to 
ascertain their diversity and abundance in 
the area. The sprayed spots were checked the 
following morning. The identification of the 
collected cockroach was done with the aid 
of morphological identification keys (Bell, 
1981). Identification of the collected ants 

Figure 1. Map of the collection sites in Nasarawa State, Nigeria. Refer to Table 1 for abbreviation of the 
numbers 1-14
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was done using taxonomic keys (Fischer 
et al., 2012) and the colored images at the 
websites (antweb.org and antsofafrica.
org, respectively). The behavior of the ants 
found foraging on the cockroaches was 
also monitored during collection. How 
they collect the cockroach, whether they 
collect live or dead cockroach, and how 
they transport the cockroach (whole or 
fragments) were all recorded. In addition, 
other insects that were collected by these 
ants and the nature of their caste and trail 
were listed down as well. 

Data Analysis 

The data collected were tabulated and 
statistically analyzed using SPSS Statistics 
20.0. Kruskal-Wallis test was conducted 
to determine if there was a relationship 
between the distribution of P. americana 
and ants scavenging on this cockroach 
species in the study area. A post hoc test 
was conducted to compare the means of 
the various locations. The diversity index 
of cockroach-foraging ants in the urban 
and the rural communities was determined 
using the biodiversity calculator excel sheet 
(Zar, 1996). Diversity t-test was used to 
analyze the statistical difference between the 
communities and overall relative abundance 
of ants was determined using the formula 
(Alias et al., 2018) below:

RESULTS

Distribution of American Cockroach 
and The Ants Scavenging on American 
Cockroach

A total of 36-pit latrine (rural communities) 
and 89 water  system toi lets  (rural 
communities) from 136 residential and 
nonresidential premises in the rural and 
the urban communities were sampled by 
spraying insecticide, respectively. Dead 
cockroaches after spraying insecticides 
in the water system toilets and the pit 
latrine toilets are presented in Figure 2.1 
and Figure 2.2, respectively. A total of 
3,298 American cockroaches (78.71% 
and 21.29% from the rural and the urban, 
respectively) were recorded. The result 
of the post hoc test is presented in Table 
1 and showed that Akunza, one of the 
rural communities, recorded the highest 
mean of P. americana (92.50±23.64), 
while primary healthcare center (PHC) 
Akwanga, one of the urban communities, 
recorded the lowest mean (2.00±0.98). 
Moreover, the overall result from the 
Kruskal-Wallis test showed a significant 
difference in the overall distribution of the 
American cockroach across the fourteen 
sampled locations, (X2(13) = 40.048, 
p<0.001). The independent samples t-test 
(t(136) = 6.13, p<0.001) also showed a 
significant difference in the distribution of 
the American cockroach between the rural 
and the urban areas.

Relative abundance of a species =
Number of individuals of the same species

Number of individuals of all the species  ×  100
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A total of 1,364 ants (31% rural and 
69% urban) were collected from the 136 
sampling points. Unlike the distribution 
of the cockroach, the overall distribution 
ants scavenging on American cockroach 
obtained from Kruskal-Wallis test showed 
no statistically significant difference  across 
all the locations (X2(13) = 9.455, p = 0.738) 
and between the rural and the urban areas 
(t-test, t(25) = 0.15, p<0.876). The highest 
mean occurrence of ants scavenging on 
American cockroach was recorded in 
Akunza (20.80±15.72) and the lowest was 
recorded in Gandu Sarki (0.00±0.00) as 
shown in Table 1. The percentage of each 
ant species collected around P. americana in 
each location is shown in Table 2. Pheidole 
rugaticeps had been recorded in all except 
4 locations (Table 2). Other species such 

as Crematogaster sp., B. sennaarensis, and 
P. megacephala were only recorded in one 
location. Table 2 shows the total number and 
the percentages of each ant species collected 
foraging on P. americana in each location. 
Lafia East had the highest number of ant 
species (Table 2).

Species Diversity and Abundance of 
the Ants Scavenging on American 
Cockroach

The 1,364 ants collected from 136 
sampling spots belong to three subfamilies: 
Myrmicinae (85.27%),  Formicinae 
(13.41%), and Ponerinae (1.32%). Pheidole 
species were the most dominant ants in all 
communities and forms the most abundance 
subfamily, Myrmicinae (together with 
Crematogaster sp.). The overall result of the 

Figure 2. Dead cockroaches in water system (1) and pit latrine (2) after spraying insecticides; nest of 
Paratrechina longicornis in a toilet (3); sands and carcasses of Brachyponera sennaarensis just below the 
nest of a Pheidole decarinata (4); nest of P. decarinata on the wall (5); Pheidole rugaticeps spread-eagling 
a live cockroach (6); Camponotus maculatus foraging on a dead cockroach (7); and a swarm P. longicornis 
carrying a dead cockroach to their nest (8)
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relative abundance showed that P. rugaticeps 
(51.2%) recorded the highest abundance, 
together with P. decarinata (15.6%) and 
other Pheidole species (17.1%) made up 
83.8% of all the ants collected. This explains 
the fact that Pheidole was the most abundant 
and diverse formicids in the area. However, 
B. sennaarensis (subfamily: Ponerinae) and 
Crematogaster sp. (subfamily: Myrmicinae) 
were the least collected with (1.3% and 
1.5%, respectively) as shown in Table 2. The 
community-based distribution of these ants 
showed a difference in the diversity of ants 
scavenging on American cockroach between 
the urban communities (H’ = 1.35, E = 0.7) 
and the rural communities (H’ = 0.93, E = 
0.67). Based on the result of the diversity 
t-test (t(800) = 28.26, p>0.05), it indicated 
that they were more diverse in the urban 
communities. The genus, Pheidole was the 
dominant ant species in all the communities 
and P. rugaticeps was the most abundant 
species in almost all the communities. 
Surprisingly, the result of the diversity 
reveals that the richness of species in the 

urban communities was increased (Figure 
3). The highest percentage of the ants was 
recorded in Akunza (15.25%) while Gandun 
Sarki (0.00%) had the lowest percentage and 
both are the rural communities. However, 
the highest number of ant species (5 ant 
species) was recorded in Lafia East, which 
is an urban community (Table 2). The 
relative abundance of the ants scavenging 
on P. americana based on the communities 
studied is presented in Figure 4.

Foraging Behavior of the Ants 
Scavenging on American Cockroach

Table 3 shows the total number of each 
species of ants and the percentage of 
American cockroach infestation by these 
ants. Pheidole rugaticeps had the highest 
number and percentage of infestation with 
up to 54% as shown in Table 3. Among 
the ant species collected, P. rugaticeps, P. 
decarinata, Pheidole sp., and P. longicornis 
were more organized in their foraging 
activity by operating in the group and 
recruiting nest-mate. All the ants were 

0.0

0.5

1.0

1.5

Species diversity Species evenness

Communities Base Diversity Index of the Ants 

Rural Urban

Figure 3. Species diversity and species evenness of the ants in the rural and the urban communities
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observed collecting fragments of the dead 
cockroach after fragmenting it. Furthermore, 
P. longicornis and Pheidole species, except 
for P. decarinata, were also observed 
dragging the whole cockroach into their 
nest and sometimes, they overwhelm live 
struggling American cockroaches by spread-
eagling (unfolding the legs and the wings 
of the cockroach) as shown in Figure 2.6. 
Pheidole decarinata, the tiniest of all the 
collected ants were also observed recruiting 
nest-mates. However, major workers of P. 
decarinata broke the dead cockroach into 
fragments and the minor workers carried 
them back to their nest it to their nest. 
Pheidole rugaticeps, P. decarinata, Pheidole 
sp., P. longicornis, and Crematogaster sp. 
were all collected indoors mainly near and 
inside the toilets. Figure 2.3 shows a nest 
of P. longicornis in a void at the edge of 

Turkish toilet while Figure 2.5 shows an 
indoors nest of P. decarinata in a cavity 
on the wall. Moreover, Figure 2.8 shows P. 
longicornis dragging a cockroach to their 
nest. Surprisingly, the study observed that 
most of the Pheidole ants came out of the 
nest only when the size of the prey was 
relatively large and proximate to their nest. 
The majors (soldiers) of this group of ants 
aid the workers in transporting the prey 
especially when the prey was relatively 
bigger. However, when the distance of 
the prey was far from the nest, only the 
minors were observed collecting the prey 
to their nest. Camponotus maculatus was 
also collecting only fragments of the dead 
cockroach and moved the fragments to 
their nest. Figure 2.7 shows C. maculatus 
foraging on dead cockroaches.

Figure 4. Relative abundance of the scavenging on Periplaneta americana according to communities (overall, 
urban, rural, residential, and non-residential communities)
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DISCUSSION

Insects are by large underrepresented 
in studies related to biodiversity and 
conservation despite the importance they 
play globally in the overall ecosystems 
functioning, stability, and monitoring (Fox, 
2013; McKinney, 1999; Thomas et al., 2004; 
Wilson, 1976). Apparently, few studies 
exist on ant populations and trends in most 
ecosystems, except for few invasive species 
(Cooling & Hoffmann, 2015; Vogel et al., 
2010). This, however, reveals uncertainty 
in the future of many ants (Sánchez-
Bayo & Wyckhuys, 2019). Fast-growing 
human activities because of the trade and 
development are major promoters of the 
establishment of exotic species that can have 
a tremendous impact on biodiversity around 

human settlements. Widespread litter and 
trash accumulations, particularly in cities, 
are suitable habitats for the establishment 
of ant species (Sharaf et al., 2017). Dead 
cockroaches are one of such liters around 
homes that attract foraging ants into the 
house. Most importantly, this finding reveals 
that Pheidole species are the dominant 
ant species collecting dead P. americana. 
Consequently, these ants have previously 
been reported to have successfully spread 
their range globally and regularly found 
in kitchens, restaurants, greenhouses, and 
gardens. Other ants, such as P. longicornis 
and Brachyponera species, collected in this 
study were also shown to be attracted to 
human settlement by the accumulation of 
litter and trash (Sharaf et al., 2017).

Table 3
The frequency, density, infestation level (%), and other foraging activities of the of the ant species collected 
around Periplaneta americana between November 2018-Febroury 2019

Ant species N

No. of 
Periplaneta 
americana 

infested

Average 
no. per 

cockroach

Infestation
(%)

Mode of 
infestation Collects Indoors/

Outdoors

Pheidole 
rugaticeps

698 26 26.8 54 Dead and 
alive

Whole/ 
Fragment

Indoors and 
Outdoors

Pheidole 
decarinata

213 7 30.4 15 Dead Fragment Indoors and 
Outdoors

Pheidole sp. 232 4 58 8 Dead and 
alive

Whole/ 
Fragment

Outdoors

Camponotus 
maculatus

92 5 9.2 10 Dead Fragment Outdoors

Paratrechina 
longicornis

91 4 11.4 8 Dead and 
alive

Whole/ 
Fragment

Indoors and 
Outdoors

Crematogaster 
sp.

20 1 20 2 Dead Fragment Outdoors

Brachyponera 
sennaarensis

18 1 20 2 Dead Fragment Outdoors

Total 1,364 48 28.4 100
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Recent research has revealed that the 
mean infestation trend of P. americana in 
household environments has an increasing 
range of 50.0–75.0% (Nasirian, 2017). It 
has also been established that there was a 
high abundance of American cockroaches 
in most Nigerian households (Bala & Sule, 
2012; Iwuala & Onyeka, 1997). Recently, a 
study has shown that bathrooms and toilets 
are the most infested by this cockroach 
species in houses (Dehghani et al., 2014). 
The present study compared the infestation 
of an American cockroach in toilets between 
the rural and the urban communities as well 
as residential and non-residential areas 
and found that the infestation was higher 
in the rural communities than in the urban 
communities. This may not be unconnected 
to the level of hygiene of these two sets 
of communities as cockroach infestation 
has been revealed to have a significant 
correlation with poor sanitation (Nasirian, 
2017) and are the commonest indoor 
pest in low-income housing (Brenner, 
1995; Wang et al., 2008). Little or no 
application of insecticides and poor toilet 
facilities (particularly use of pit latrine) are 
other problems associated with these rural 
communities and low-income housing in the 
urban communities. Similarly, studies have 
also revealed that an increasing percentage 
of Nigerians live in poverty and it is higher 
in the rural areas.

Nevertheless, the Kruskal-Wallis test 
showed that the distribution of the ants 
scavenging on cockroach at all locations 
did not differ statistically. This finding 
further supports the idea that most ants are 

generalist feeders with the ability to thrive 
them almost everywhere (Cerdá & Dejean, 
2011). Nevertheless, it is interesting to note 
from the richness of the species that more 
species have been recorded in the urban 
communities than in the rural communities. 
This must be due to the adaptation of several 
species of ants to the urban environment 
because of its heterogeneity that offers them 
food, nesting sites and biotic interactions 
(Benson & Harada, 1988; Hölldobler & 
Wilson, 1990; Reyes-Lopez et al., 2003). 
Although these results slightly differ from 
some published studies (Mckinney, 2002; 
Ab Majid et al., 2016) that there are fewer 
species diversities of ants and many taxa in 
the urban core than in the rural areas, they 
are consistent with the fact that suburban has 
a high ant species richness. This is because 
the urban communities sampled in this study 
are, to a certain extent, suburban. Study 
has also shown that widespread litter and 
trash deposits are suitable habitats for the 
formation of abundant species, especially in 
the city centers (Sharaf et al., 2017). Dead 
arthropods are one of those deposits around 
human settlements with a high concentration 
that attracts other insects to the house, 
especially ants. Dead P. americana is one of 
these deposits, where the level of sanitation 
is poor, which makes human settlement 
suitable for many ant species. 

The present study determined the 
diversity and abundance of the ants that 
forage on American cockroach and 1,364 
ants were collected belonging to three 
subfamilies of the Formicidae: Myrmicinae, 
Formicinae, and Ponerinae. Pheidole species 
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(Myrmicinae) were the most dominant ants 
in terms of diversity and abundance. The 
overall result of the relative abundance 
showed that P. rugaticeps recorded the 
highest abundance followed by P. decarinata 
and other Pheidole species. Generally, 
Pheidole species are revealed to have 
discriminating capability of both collecting 
corpses and effectively invading colonies of 
other competing ants (Dejean et al., 2007). 
This study also observed that P. rugaticeps 
not only foraged on dead cockroaches, but 
was also able to spread-eagle struggling 
P. americana shortly after insecticide 
application and drag the cockroach into their 
nest. Highly organized foraging activity 
of teamwork and nest-mate recruitment 
observed from the Pheidole species provide 
them with the prospect of excluding other 
competitors in the habitat. This study also 
observed P. rugaticeps catching other live 
competitors, such as C. maculatus and 
collecting other dead insects. This clearly 
agrees with the fact that Pheidole is the 
most abundant and diverse formicids within 
tropical areas (Ward, 2000; Wilson, 2003) 
with the highest species richness globally 
(Longino, 2009) and worldwide distribution 
(Wilson, 1976). Other ant species that were 
previously observed scavenging on dead 
cockroaches and corpses of other arthropods, 
such as P. longicornis and Brachyponera 
sp. (Sharaf et al., 2017), were recorded 
in this study (2% and 8%, respectively). 
Paratrechina longicornis has also been 
reported as the most widely distributed ant 
species (Wetterer, 2008) feeding on a host 
of live and dead arthropods, and transmit 

pathogenic microorganisms (Roxo et al., 
2010). Likewise, a previous study have also 
observed Brachyponera spp. scavenging on 
dead cockroaches and other organisms (Rice 
& Waldvogel, 2017). Our studies have not 
recorded B. sennaarensis and Crematogaster 
spp. in the rural communities, although they 
are among the most abundant insect species 
in human settlements, and B. sennaarensis 
has previously been reported in Nigeria (Al-
khalifa et al., 2015). Whereas, C. maculatus 
recorded 10% of the ants observed around 
dead P. americana in this study. Previous 
study have also pointed out that media 
workers of C. maculatus and other ants can 
recruit nestmates and capture preys dead or 
alive of 4-18 mm in size (Dejean, 1988).

Most ants are generalist feeders, even 
the predators collect corpses of insects and 
other arthropods (Cerdá & Dejean, 2011). 
They are the most successful scavengers that 
feed on even corpses of invertebrates (Tan 
& Corlett, 2012). Nest-mates recruitment in 
large numbers who troop out in mass, helps 
them in transporting the cockroach to their 
nest by spread-eagling the live cockroach 
(Figure 2.6). These mass density foraging 
activity has been described as a factor for 
the success of most ground dwelling ants 
(Beckers et al., 1989). Mass recruitment and 
collective foraging along well-defined trail 
system perhaps employed when bait is larger 
than their size are features exhibited by all 
the Pheidole species and P. longicornis 
collected during this study (Moffett, 1988). 
Surprisingly, the study also observed that 
major workers of the P. rugaticeps came 
out of their nest only when the size of 
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the prey was relatively large. However, P. 
decarinata and C. maculatus were found 
only collecting fragments of dead cockroach 
and this has previously been reported by 
Yamamoto et al. (2009). Moreover, the 
majors of P. decarinata only fragment the 
corpses of the cockroach while the minors 
transport the fragments to their nest. This 
ability is a possibility that these ant species 
may be a serious source of ecological and 
conservation concern for other native urban 
ecosystem taxa (Kouakou et al., 2018). The 
aggressive behavior of the Pheidole species 
can also be used to control them (Lim & Ab 
Majid, 2019).

Though not much has been reported of 
ant’s medical and veterinary importance like 
flies or cockroaches, it has been confirmed 
that Vibrio cholerae could be obtained from 
ants and cockroaches (Sarwar, 2015). In the 
tropics, ants have already been incriminated 
as vectors of pathogens (Sarwar, 2015). 
Gathering and storing corpses and feces 
by ants have been disclosed to have 
huge effects on other lives and chemical 
components around them (Dauber et al., 
2001; Dauber & Wolters, 2000; Lavelle 
et al., 1997; Petal, 1998). Studies have 
revealed that bacteria can remain viable and 
persist within the nest of ant and become a 
reservoir for other workers of the colony to 
be infected (Beatson, 1972). Interestingly, 
most of the ant species recorded in this 
study nested inside toilets (see Figure 2.3) 
or a few meters away from the toilets. 
The foraging pattern and activities, as 
well as nest sites of these ants, can have 
health implications on the host community, 

especially Pheidole species, C. maculatus, 
and P. longicornis that were frequently 
collected in the aforementioned places. 
Their foraging activity on P. americana, 
an ideal carrier of several pathogenic 
microorganisms due to the filthy nature of 
its breeding habits and feeding mechanism 
(Chaichanawongsaroj et al., 2004; Graczyk 
et al., 2005) can be a source of great concern. 
Periplaneta americana harbored more 
species of pathogens than other cockroach 
species (Pai et al., 2003; Prado et al., 2002) 
and the foraging activity of ants on them can 
be an unnoticed medium of dissemination 
of diseases causing pathogens in human 
societies, particularly during an outbreak of 
diseases such as cholera. 

CONCLUSIONS

Pheidole rugaticeps ,  P. decarinata , 
Pheidole sp., C. maculatus, P. longicornis, 
Crematogaster sp., and B. sennaarensis 
were the ant species that foraged on P. 
americana around human habitat and these 
scavenging ants had higher species richness 
in the urban than the rural communities. 
Pheidole species were the most abundant 
group of ants. The organized foraging 
patterns such as nest-mate recruitment, 
teamwork, and raiding in mass exhibited 
by Pheidole species must be the reason for 
their success. The rural communities had a 
higher abundance of P. americana than the 
urban communities because of poor toilet 
facilities and household’s inability to afford 
insecticides, which are serious problems 
in most tropical rural households. Studies 



Diversity, Abundance, and Foraging Behavior of Ants Scavenging on American Cockroach

517Pertanika J. Trop. Agric. Sc. 43 (4): 503 - 521 (2020)

on the epidemiological and conservation 
implications of the Pheidole species in the 
urban communities are recommended. The 
foraging patterns of the P. rugaticeps may 
also be an important area of exploration for 
biological control of insect pests.
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