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Abstract 
In Cameroon, we compared recruitment and competition behavior between Solenopsis geminata and two 

resident ant species i.e. Paratrechina longicornis and Pheidole megacephala. For the recruitment essays, 

a 35 cm long and 30 cm wide plywood were placed in contact with three nest and fried fish was 

deposited at 15 cm from the nest. The mean number of Solenopsis geminata foragers collected on the fish 

was compared with that of the two resident ants. On the other hand, individual and group aggression 

assays were used to competition evaluation between Solenopsis geminata and the two resident ants. In 

individual aggression essays, one medium-sized of Solenopsis geminata worker and one medium-sized 

worker of each resident ant species were separately placed in a Petri dish. Aggression between the two 

competitor ants was recorded and a comparison was done between ant species on the attacks initiation by 

the competitors. In the group essay, 150 workers of each resident ant species were separately allowed to 

competition with 150 workers of Solenopsis geminata and a comparison was done between the two 

groups of competitors on the mean number of ant species found on the baits and the mean mortality. Our 

result showed that the mean number of Pheidole megacephala recruited on the fish (156.47±16.05) was 

the highest, follow by Paratrechina longicornis (140.53±9.21) and Solenopsis geminata (127.54±8.54). 

During individual aggression essays, Solenopsis geminata workers initiated more attacks (67.33%) than 

those of Paratrechina longicornis (32.67%), while Pheidole megacephala workers initiated more attacks 

(62.38%) than those of Solenopsis geminata (37.62%). In the group essay for the species pair, the mean 

number of Solenopis geminata workers on the bait (30.30±0.60) was higher than that of Paratrechina 

longicornis (12.16±1.10), while the mean number of Pheidole megacephala workers on the bait 

(22.50±1.50) was higher than that of Solenopsis geminata (18.60±2.00). Moreover, the mean mortality of 

Paratrechina longicornis (61.94±0.48) was higher than that of Solenopsis geminata (38.06±0.48), while 

the mean mortality of Solenopsis geminata (58.64±1.25) was higher than that of Pheidole megacephala 

(41.36±1.25). The data led us to conclude that Pheidole megacephala is more competitive than 

Solenopsis geminata and can then be used to his control. 

 

Keywords: Solenopsis geminata, predatory behavior, competition, recruitment, resident ants 

 

1. Introduction 

Recruitment and competition are two complementary phenomenon of invasive success. The 

success of most invasive species is associated with the monopolization of resources due to 

recruitment of nest mates and a high level of aggressiveness towards native species that are 

either displaced or eliminated through competition. Indeed, any species in its new living 

environment interacts with conspecifics and must also exercise strong competition allowing it 

to settle and expand its invasion area. This competition involves a strong recruitment in which 

the members of each species established a system of communication allowing them to collect 

the large food resources. Thus, social insect usually defend their nest and their territory against 

foreign conspecifics, and their workers are able to distinguish between friend and enemies with 

a simple antenna contact between workers [1]. In consequent, aggressive behavior occur when 

antenna contact take place between two different species. In interspecific encounters, a strong 

aggressive behavior frequently occur between invasive and native species. Furthermore, the 

most aggressive species often have competitive advantages [2]. Among invasive species in the 

world, ants are highly successful invaders. They can be ecologically and economically 

devastating and often outcompete native ant species [3, 4, 5]. 
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Among these invader ants, the tropical fire ant Solenopsis 

geminata is considered one of the most damaging and 

widespread introduced species [6]. Solenopsis geminata is 

native of Central and South America, but has spread through 

human commerce to many parts of the world [7]. In it 

introduced area, this tropical fire ant has often become one of 

the dominant pest decreasing biodiversity and displacing 

other ants and arthropods via competition behavior [8, 9]. 

Moreover, this competition usually occur on food, as well as 

direct collision between species at the foraging moment [10], 

and can be individual between two ant species or in group. 

However, like most other invasive ants, this species is 

especially difficult to eradicate. In countries where Solenopsis 

geminata has been introduced, the absence of natural enemies 

allow it to reach higher density than that of the native range. 

So, in many part of the word where this fire ant has been 

introduced, the use of chemical method has been carried as 

better solution for their control. In the Spit Island, Midway 

Atoll, Hawaii, the control of this ant was carried using the 

formicide MaxforceR (active ingredient: hydramethylnon) 

which better reduced Solenopsis geminata abundance until 

more than 12 months post-treatment [11]. In Cameroon, 

farmers usually used cypercal insecticide to reduced 

Solenopsis geminata density. However, because of the 

dramatic impact causing by chemical control on biodiversity 

and particularly on public health [12], biological methods have 

been carried for the better control of Solenopsis geminata 

without great consequence on biodiversity and public health. 

This method use natural enemies to strong competition 

against pest, such as Solenopsis geminata [13]. However, 

although this method is used in Cameroon to protect many 

plants [14], biological control of Solenopsis geminata in 

Cameroon is not yet documented. Here, we report the result of 

experiments designed to study recruitment behavior and 

competition between the tropical fire ant, Solenopsis geminata 

and two resident ants in littoral Cameroon. Our specific 

objective is to control, and possibly eradicate the tropical fire 

ant, Solenopsis geminata, using a biological method. 

 

2. Material and Methods 

2.1. Study sites 

The study was carried out in the littoral part of Cameroon, 

particularly in Douala city. This town has several 

neighbourhoods from which we selected two as sampling 

sites: Mboppi (04o02.709’N; 009o42.958’E) and Ndog-bong 

(04o02.714’N; 009o42.947’E). Douala’s climate is hot and 

humid with temperature ranges between 24.8 °C (February) 

and 27.6o (July), and annual precipitation are 3, 600 mm [15].  

 

2.2. Animal Material 

The tropical fire ant, Solenopsis geminata, and two other ant 

species ie Pheidole magacephala and Paratrechina 

longicornis were collected in Mboppi and Ndog-bong. The 

species of ants were confirmed using a key [16]. Two of these 

species are resident from Cameroon, while Solenopsis 

geminata is introduced. 

 

2.3. Recruitment essays 

Recruitment essays took place in the field where three nest of 

each studied ant species were selected as sampling. The 

protocol used was that described by Dejean et al. [17], with 

modifications. Indeed, a 35cm long and 30cm wide plywood 

was placed in contact with each nest to serve as a hunting 

area. The trials began seven days after installation of the 

hunting areas to allow foragers of each ant species to integrate 

these experimental hunting areas into their natural hunting 

areas. During these seven days, honey and small prey were 

deposited on the plywood. The trials took place during the 

day, from 6 am to 11 am and from 1 pm to 6 pm. Each trial 

lasted 60 minutes and started by depositing 100g of fried fish 

15 cm from the nest, which was stabilized on the plywood 

with a fine needle. The number of ants present around the fish 

was counted every three minutes during 60mn. After 60mn 

observation, the hunting area was quickly transported and 

immersed in hot water and all the ants coming from it were 

collected and preserved in alcohol diluted at 70%. These ants 

were then transported to the laboratory where they were 

counted. The time interval between two trials was 60 minutes 

and the number of trials per day was set at 06. The experiment 

took place in 06 seasons (03 dry seasons and 03 raining 

seasons), at the frequency of 90 trials per season for each ant 

species. The mean number of ants recorded in the dry and 

raining seasons for each of the resident ant species was 

compared to that of the S. geminata species, recorded at the 

same periods. 

 

2.4. Competition essays 

2.4.1. Individual aggression essays 

To evaluated individual aggression between Solenopsis 

geminata and the three resident ants, we used the following 

behavioral assay [18, 19, 20, 21]. One medium-sized of Solenopsis 

geminata worker and one medium-sized worker of each 

resident ant species were separately placed in a Petri dish 

(diameter= 4.0cm, height= 1.5cm). To prevent the ants from 

climbing out, the petri dish was coated with Fluon. The first 

competitor ant was introduced in the petri dish one minute 

before the second one. Aggression between the two 

competitor ants was scored using four behavioral indices: 1= 

touch including prolonged antennation, 2= avoid and retreat 

in opposite directions immediately upon contact, 3= 

aggression which includes lunging, biting, pulling 

legs/antenna or stinging and 4= prolonged fight including 

death [18]. Furthermore, interaction between the two 

competitors was recorded for five minutes and a comparison 

was done between ant species on the attacks initiation by the 

competitors. Forty trials were perform with different workers. 

 

2.4.2. Group aggression essays 

Two groups of 150 ant workers were separately placed in two 

opposite artificial nests. One of these nests contained 

Solenopsis geminata species, while the other contained one of 

the two resident ants. Each group contained 110 medium-

sized of workers and 40 soldiers. The artificial nests were 

plastic dishes (diameter= 5cm, height= 4cm), coated at 3cm 

height with Fluon. Each of these Artificial nests were 

connected via a covered plastic tube to a common foraging 

arena 11 x 19cm coated at 3cm height with Fluon, with a bait 

(grasshopper) located at the center. The cover of the plastic 

tubes were then opened to allow workers of each ant species 

moving from the artificial nest to the arena, and the total 

number of workers found on the bait was recorded every 3 

minutes for 30 minutes. During the 30 minutes observations, 

the aggressive behavior of each ant specie was recorded. 

Forty trials were perform with different group of workers. A 

comparison was then made between Solenopsis geminata 

species and each of the resident ant species on three 
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parameters i.e. the time taken by different ant species to 

discover the bait, the mean number of each ant species found 

on the bait at the end of the experimental period and the mean 

mortality. Ant species which was the most found on the bait at 

the end of the experimental period, and which has the less 

mortality was recorded as the dominant species.  

 

 
1= Artificial nests; 2= Common foraging arena; 3= Plastic tubes; 4= 

Plastic tube covers; 5= Bait (grasshopper). 
 

Fig 1: Experimental device used to group aggression between 

Solenopsis geminata and resident ant species. 

 

3. Result 

3.1. Recruitment essays 

In each of the three ant species, recruitment phenomenon took 

place when foragers detected food resources. Indeed, after 

detected food source, the discover ant tried to carry it 

individually in the nest. However, when the food resource 

size didn’t permit this hunter ant to carry it individually, it 

gets back quickly in the nest direction, and return on the food 

resources without arriving in the nest. After this hunter act, 

we observed many ants moving from the nest to the food 

resource, following a line. On the other hand, some of the 

foragers were recruited in the foraging area before the 

discoverer ants went back in the nest. In addition, ant number 

coming from the nest varied among species. Thus, at the end 

of the essays, the mean number of P. megacephala workers 

collected on the food resources was significantly higher than 

that of S. geminata and P. longicornis (p≤0.0001), both in the 

dry and the raining season. On the other hand, the mean 

number of S. geminata workers was significantly low than 

that of P. longicornis and P. megacephala (p≤0.0001) (Table 

1). 

 
Table 1: Mean number of workers recruited, related with ant species 

and season 
 

 Mean number of workers 

Species Dry season Raining season 

P. megacephala 156,47±16,05b 214,73±17,70b 

P. longicornis 140,53±9,21ab 189,33±12,81b 

S. geminata 127,54±8,54a 161,67±8,13a 

a, b, c, for the number of ant species recruited, means affected with 

the same letter are not significantly different at p≤0.0001. 

 

3.2. Individual aggression essays 

During all individual aggression assays between species pairs, 

we didn’t observed the score 1 behavior. So, the aggressive 

behavior occurred between species pairs on the food resource, 

and can also occurred during direct collision between ant 

species at the foraging moment. In the individual aggression 

assays, attacks initiation varied among species pairs. Indeed, 

S. geminata workers initiated more attacks (67.33%) than 

those of P. longicornis (32.67%) (p≤0.0001), while P. 

megacephala workers initiated more attacks (62.38%) than 

those of S. geminata (37.62%) (p≤0.0001). Aggressive acts in 

avoidance occurred more frequently in S. geminata-P. 

longiconis interaction, while aggression which includes 

lunging, biting, pulling legs/antenna or stinging, and 

prolonged fight including death occurred more frequently in 

S. geminata-P. megacephala interaction (Figure 2). 

 

   

 A B 
 

Fig 2: Agressiveness behavior between ant species during competition (A: attacks initiated, B: behavioral indices). 

SG = Solenopsis geminata, PM = Pheidole megacephala, PL = Paratrechina longicornis. 

 

3.3. Group aggression essays 
Group competition between S. geminata and resident ant 

species revealed important differences during contests (Figure 

3 and 4). Interactions between S. geminata and P. 

megacephala showed that P. megacephala first discovered the 

bait (p≤0.0001). Furthermore, it was able to rapidly recruit 

workers to bait during the experiment and dominated the 

majority of baits by the end of the experiment (p≤0.0001). 

However, the interactions between S. geminata and P. 

longicornis did not show the same result. Indeed, during the 
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competition between P. longicornis and S. geminata, p. 

longicornis first discover the baits (p≤0.0001), and was able 

to rapidly recruit workers to bait during the first 12 minutes of 

the experiment. After this time, S. geminata took over and 

dominated the majority of baits by the end of the experiment 

(p≤0.0001). After domination of bait by S. geminata, P. 

longicornis moved rapidly around the arena and avoided 

confrontation with S. geminata. 

 

  
 

Fig 3: Mean number of ant species on the baits during competition. 

 

 
 A B 

 

Fig 4: Time taken by different ant species to discover a bait (A), and the mean number of ants on the baits by the end of experiment (B). 

 

In the group aggression assays, mortality varied among 

species pairs. Workers of P. megacephala were aggressive 

towards S. geminata and higher mortality of S. geminata was 

observed in this pair (p≤0.0001). However, during group 

aggression between P. longicornis and S. geminata, higher 

mortality of P. longicornis was observed than that of S. 

geminata (p≤0.0001) (Figure 5). 

  

 
a, b, c, for the mean mortality of ant species, means affected 

with the same letter are not significantly different at p≤0.0001. 
 

Fig 5: Mean mortality of ant species during group aggression. 

4. Discussion 
Our data showed that each forager for these three ant species 

that has discovered a food resource cannot move alone hence 

recruited nest mates to help in transport. These ant species 

exhibit an important communication system between a 

discoverer ant and nest mates. So, this communication system 

orientates and recruits other members of the colony towards 

food resources. Indeed, after discovering a large food 

resource, a discoverer ant emits pheromones to recruit nest 

mates towards food resource. These three ant species recruit 

at short range those nest mates situated at the foraging area, 

and can also use a long-range recruitment based on food 

resource size. Firstly, the discover ant can emits volatile 

attractant pheromones into the air to recruit nest mates. On the 

other hand, the discover ant returns to the nest depositing a 

pheromone trail which is follow by the recruit ants from the 

nest to the food resources. This cooperative transport of large 

food resources has been described by several studies in many 

ant species including Pheidole megacephala, Paratrechina 

longicornis, and Solenopsis geminata. For still larger prey, 

Pheidole megacephala recruit at short range those nest mates 

situated within reach of an alarm pheromone and together 

spread-eagle the insect. These behaviors are complimented by 

a long-range recruitment based on prey size [22]. As well as 

long-term recruitment to stable food resources, Paratrechina 

longicornis uses short-term recruitment pheromones to recruit 

nest mates to assist in the exploitation of large food resources. 
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Recruitment to large food resources is via a pheromone trail 

laid by the discoverer ant. This trail is initially followed by 

recruits from the nest to the food resources [23]. In addition, 

food-discover ants can recruit nearby nest mates to a large 

food resources without returning to the nest, using volatile 

pheromones [23]. According to Solenopsis geminata foragers, 

they also uses recruitment pheromones to organize the 

retrieval of large food resources back to the colony [24]. In 

addition, medium workers of S. geminata exhibited a high 

trail-following behavior as well as a high antennal response to 

pheromones, comparing with large and small workers [25]. Our 

data also showed that Pheidole megacephala and 

Paratrechina longicorgis recruited nest mates more than 

Solenopsis geminata. Indeed, the mean number of Pheidole 

megacephala foragers collected on the food resources was 

significantly higher than that of Paratrechina longicornis and 

Solenopsis geminata, while the mean number of Solenopsis 

geminata collected was significantly low than that of 

Paratrechina longicornis. The difference in the mean number 

of these ant species may be due to the difference in 

communication system among nest mates, related with the 

difference in concentration of pheromone released by the 

discover ant and that received by recruiting ant, the difference 

in volatility of these pheromones and the difference in 

sensibility of nest mates which received them. Previous 

studies also revealed relationship between pheromone 

quantity and ant behavior, suggesting that animal reactions in 

pheromone may vary depending on the concentration of 

pheromone released and the possible previous experience of 

the recipient individual [26]. Therefore, the number of recruited 

ants to a certain resource may vary according to the strength 

of the chemical signal [27]. In addition, the difference in the 

volatility of pheromones and the sensibility of the recipients 

can influence the behavior of a colony individuals [28]. Our 

data also indicated that during the individual aggression 

essay, Pheidole megacephala initiated more attacks than 

Solenopsis geminata. These data suggest that in individual 

confrontation, Pheidole megacephala is more competitive 

than Solenopsis geminata. On the other hand, Pheidole 

megacephala rapid discover the bait and monopolized it 

against Solenopsis geminata during group aggression essays. 

Furthermore, the mean number of Solenopsis geminata 

mortality was significantly higher than that of Pheidole 

megacephala at the end of group experiments. This 

domination of Pheidole megacephala workers may firstly be 

due to their powerful mandible which allow them to cut 

Solenopsis geminata workers during competition, and their 

great aggressiveness toward Solenopsis geminata. On the 

other hand, pheidole megacephala domination may be due to 

their higher possibility to recruit workers during competition. 

Our results are similar with those revealed by previous 

studies. Indeed, it was revealed that the success of most 

invasive ants is associated with the monopolization of 

resources in part due to mass recruitment and a high level of 

aggressiveness towards native ants that are either displaced or 

eliminated through competition [29, 30, 31]. In addition, it was 

also reported that Solenopsis geminata was poor at 

discovering resources against Pheidole species [32] and was 

out complete with some ant species such as Solenopsis invicta 

and Pheidole megacephala, mostly through direct conflict for 

food and habitat [9]. Our data also showed that Paratrechina 

longicornis located the food faster than Solenopsis geminata 

and this may be due to it long legs which allow it to be faster 

than Solenopsis geminata, which moves slowly. Faster-

moving foragers have been hypothesized to be better 

discoverers of food [33]. Previous studies also revealed that 

longer legs allow faster movement [34, 35]. So, Paratrechina 

longicornis workers have distinctly long legs compared to 

Solenopsis species which may account for their faster 

movement [36]. However, although Solenopsis geminata came 

later on the bait during competition, it was able to defend and 

monopolize the bait by not allowing Paratrechina longicornis 

near the bait. Similar behavior has been observed in 

Paratrechina longicornis and Solenopsis geminata in the field 
[37]. This domination of Solenopsis geminata may be due to 

their competitive ability, their aggressive behavior both in 

individual and group encounters with Paratrechina 

longicornis. Previous studies reported that competitive ability 

and aggressive behavior contribute to successful invasion of 

Solenopsis species, particularly Solenopsis invicta [38]. It was 

also documented that Solenopsis geminata achieves a 

competitive advantage through aggression by workers, and 

reducing the access of other ants to food [39, 40].  

Our data also showed that Paratrechina longicornis were 

found to explore the bait area quickly and were able to avoid 

direct collision with Solenopsis geminata. Similar behavior 

has been reported in Anoplolepis gracilipes in interactions 

with several ant species [41], and may be due to the panic and 

intimidating of this resident ant specie by Solenopsis 

geminata, via it higher aggressiveness. However, in group 

aggression essay, Paratrechina longicornis mortality was 

higher than that of Solenopsis geminata. This may be due to 

their tendency to avoid confrontation during individual 

assays, while direct collision possibilities with Solenopsis 

geminata are higher in group essay. Furthermore, Solenopsis 

geminata workers use toxic venomous which allow them to 

kill a higher number of Paratrechina longicornis workers. 

Previous studies reported that Solenopsis geminata workers 

have a venomous sting that allows them to subdue vertebrate 

and large invertebrate prey [6]. 

 

5. Conclusion 

Our specific objective in this study was to control, and 

possibly eradicate the tropical fire ant, Solenopsis geminata, 

using a biological method. Our study clearly indicated that 

Solenopsis geminata is a very hostile and dominant species, 

which displaced Paratrechina longicornis from food 

resources via it aggressive behavior. However, the bigheaded 

ant, Pheidole megacephala appear to be more hostile than 

Solenopsis geminata. This species rapid recruit workers and it 

powerful mandible allow it to kill a great number of 

Solenopsis geminata workers by cutting them during 

competition. Therefore, Pheidole megacephala can be used as 

natural enemy to Solenopsis geminata control. 
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