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Abstract 

This study aimed to investigate the diversity of ants captured in Myrmeleon pits in a Cerrado environment (Brazilian savanna) 
and assess the relationship between pit size and capture success. Field expeditions were performed in the Inhamum Municipal 
Environmental Protection Area, Caxias, Maranhão State, Brazil. Pits of Myrmeleon larvae were observed, and captured ants 
were collected and identified. Our results showed that Myrmeleon larvae inhabiting this Cerrado site rely on ants as their main 
natural prey. Seven ant species were identified. There was a positive relationship between pit diameter and capture success. 
This is the first investigation of the diversity of ants naturally predated by antlions.
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Abbreviation: LAMIR: Laboratory of Myrmecology of the 
State University of Maranhão.

Introduction

Larvae of the genus Myrmeleon Linnaeus (Neuroptera: 
Myrmeleontidae), commonly known as antlions, are round 
shaped and have long, sickle-like jaws that assist in the 
absorption of body fluid from their prey [1,2]. The predation 
strategy of antlion larvae consists in the construction of 
funnel-like pits to capture prey [3-5]. The larva’s abdomen 
is used as a hoe to excavate sandy soil and the mouth to cast 
sand out from the pit [6].

Antlion larvae are generalist predators of small 
arthropods. However, because ants are highly abundant in 
most natural environments, they are antlions’ main prey 
Gotelli NJ [7], Gotelli NJ [8], hence the common name. When a 
prey falls into the trap, the antlion larva hurls sand particles 
to make it slide to the bottom of the pit. Then, the larva bites 
the prey to inject digestive saliva and uses its jaw to weaken 
and bury the captured insect, leading to death. After all body 
fluids are consumed, antlions discard the carcasses outside 
the pit [9-12]. The predation success of antlion larvae can 
be affected by biotic factors, such as prey availability and 
escape tactics, and abiotic factors, such as temperature, type 
of substrate, pit location, and soil moisture [3,5,13].
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Ants are one of the most numerous and diverse groups 
of organisms in tropical biomes. Therefore, members of the 
Formicidae family are extremely important for ecosystem 
function Hölldobler B, et al. [14], Fernández F [15] and have 
diverse types of interactions with other organisms. For 
instance, ants are a major source of food for several animal 
species (myrmecophagy) [16,17]. Antlions are one of the 
major ant-eating insects in open ecosystems such as the 
Cerrado (Brazilian savanna). The presence of antlions has 
important impacts on the behavior, population control, and 
territorial distribution of epigeic ants Gotelli NJ [8], Johnson 
RA [18], Freire LG [19], including invasive species [20].

The biological and behavioral aspects of Myrmeleon 
under natural conditions are poorly described in the 
literature [8,21,22]. Information on the diversity of taxa 
naturally predated by antlion larvae is particularly lacking. 
Therefore, this study aimed to investigate the diversity of 
Formicidae captured in pits of Myrmeleon larvae in a Cerrado 

environment and analyze the relationship between pit size 
and capture success.

Material and Methods

Sampling was performed at the Inhamum Municipal 
Environmental Protection Area (04°53′S 43°24′W, 66 m 
elevation), municipality of Caxias, Maranhão State, Brazil 
(Figure 1). This conservation unit covers an area of about 
4,500 ha. The vegetation is a mosaic of typical Cerrado plant 
communities, ranging from savanna phytophysiognomy 
(trees and shrubs dispersed in a grassy stratum) to dense 
forest (continuous tree canopy) [23]. The region is under 
tropical savanna climate (Aw) Köppen W, et al. [24] with an 
average annual temperature of 27°C, relative humidity of 
70–73%, and precipitation of 1600–2000 mm. There are two 
well-defined seasons, a rainy season from December to June 
and a dry season from July to November [25,26].

Figure 1: Location map of the study site in the Inhamum Municipal Environmental Protection Area, Caxias, Maranhão, Brazil.

Two expeditions were performed in December 2019 
(rainy season). Clusters of Myrmeleon pits were located at 

the border of a hiking trail. First, pit diameter was measured 
using a caliper. Then, pits were observed during 4 h (from 
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8:00 a.m. to 12:00 p.m.) and prey naturally captured by 
antlion larvae were collected. Captured prey included all 
individuals that fell into the pit and were immobilized by 
Myrmeleon larvae; individuals that escaped the attack were 
not considered. A total of 12 pits were observed during the 
first expedition, and 17 during the second.

Collected specimens were removed from the bottom of 
the pit by using entomological forceps and placed in Falcon 
tubes containing 70% alcohol. Three specimens of Myrmeleon 
larvae were also collected on each day of observation for 
genus confirmation. All biological material was transported 
to the Laboratory of Myrmecology of the State University of 
Maranhão (LAMIR/UEMA), Caxias, Brazil.

Ants were initially identified at the genus level using 
dichotomous keys [27-29]. Confirmation of species and 
morphospecies was achieved through direct comparison 
with reference materials from the myrmecological collection 
of LAMIR/UEMA, where the collected specimens were 
deposited. Other insects (beetles, bugs, and cockroaches) 

were identified at the family level using the dichotomous 
keys of Rafael JA, et al. [30].

Pits were classified according to the presence or absence 
of predated individuals, and differences in pit size between 
groups were assessed by Student’s t-test [31]. Pearson’s 
correlation tests Morettin PA, et al. [31] were used to 
investigate the relationship between pit size and capture 
success. All statistical analyses were performed using R 
software [32].

Results

Seventeen ant species predated by Myrmeleon were 
collected and distributed in four subfamilies, six genera, 
and seven species (Table 1). In addition to ants, four 
individuals from other taxonomic groups were collected: a 
bug nymph (Hemiptera: Reduviidae), a beetle (Coleoptera: 
Tenebrionidae), and two cockroach nymphs (Blattodea: 
Blaberidae).

Subfamily/ant species Number of Individuals
MYRMICINAE

Cephalotes pusillus (Klug, 1824) 1
Pheidole sp. fallax group 4

FORMICINAE
Brachymyrmex heeri Forel, 1874 2
Camponotus crassus Mayr, 1862 7

Camponotus novogranadensis Mayr, 1870 1
ECTATOMMINAE

Ectatomma muticum Mayr, 1870 1
PSEUDOMYRMECINAE

Pseudomyrmex oculatus (Smith, 1855) 1
Non-formicid insects Number of individuals

BLABERIDAE 2
TENEBRIONIDAE 1

REDUVIIDAE 1

Table 1: Diversity of taxa captured in natural pits of Myrmeleon larvae in a Cerrado environment in Caxias, Maranhão, Brazil.

Twenty-nine Myrmeleon larvae pits were observed in 
sandy soil only, revealing an aggregated distribution pattern. 
Pit diameter ranged from 5 to 50 mm, with a mean of 21.93 
mm. In total, 21 prey were successfully captured, that is, 
0.04 individuals/min in Myrmeleon pit aggregates. However, 
only 44.82% of pits were successful in capturing at least one 
prey; that is, 16 larvae traps did not catch prey during the 
observation period.

Table 2 & Figure 2 show comparisons between 
successful (1 prey or more) and unsuccessful (0 prey) traps. 
Unsuccessful traps (n = 16) had a mean size (diameter) of 
18 mm and successful traps (n = 13) were sized on average 
27 mm. Therefore, unsuccessful traps were generally smaller 
than successful traps, although differences in diameter were 
not significant (p = 0.069). 
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Figure 2: Relationship between pit size of Myrmeleon larvae and prey capture success (p = 0.069)

Number of 
trapped prey n Mean Standard de-

viation Minimum First quar-
tile Median Third quar-

tile Maximum

0 16 17.8 10.8 5 9.5 14 21.2 44
1 or more 13 27.1 14.6 8 10 28 34 50

Table 2: Descriptive statistics of Myrmeleon pit size (mm) by presence or absence of trapped prey (p = 0.069).

When considering the total number of pits (n = 29), we 
observed a positive correlation between pit diameter and 
capture success (r = 0.51, p = 0.0044, Figure 3). This result 
shows that the larger the Myrmeleon larvae pit diameter, the 
higher the chance of success in capturing prey.

Figure 3: Scatter plot for the relationship between pit size 
of Myrmeleon larvae and number of trapped prey.

Discussion

Our results showed that, in the Brazilian Cerrado, ants 
of different species are the major prey of Myrmeleon larvae. 
We observed a positive correlation between pit diameter and 
predation success. However, no significant differences in pit 
size were observed when comparing successful traps and 
unsuccessful traps.

Camponotus crassus was the most frequent ant species 
predated by Myrmeleon larvae. The high frequency is due to 
the wide occurrence of C. crassus in the Cerrado, including 
in Cerrado areas in Maranhão State, Brazil [33,34]. The ant 
species constantly exploits plant resources (such as extrafloral 
nectaries), which demands a large number of workers [35]. 
During foraging, the ants are at risk of becoming victims of 
antlion traps. As reported by Glenn S, et al. [20], Camponotus 
ants, members of the subfamily Dolichoderinae, are easier 
to prey because of their thin cuticle and lack of abdominal 
protection compared with subfamilies of Formicidae that 
have thick cuticles. These ants also lack a sting Santos JC, 
et al. [36] possibly limiting their defense repertoire against 
predator attacks.

Pheidole sp. fallax group, the second most frequently 
predated taxon, are small individuals quite common in the 
studied preservation area (Andrade & Martins, unpublished). 
Gotelli NJ [8] found that species of the genus Pheidole are 
affected by the presence of Myrmeleon larvae pits. The 
abundance of the ant species is reduced in areas with wide 
distribution of larvae pits. The P. fallax group represents 
cosmopolitan ants with populous nests, which explains the 
high number of individuals sampled in the present study 
[37-39]. Thus, we highlight that Camponotus and Pheidole 
are important genera in the diet of Myrmeleon larvae in the 
Brazilian Cerrado.
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Beetles and bugs were previously reported as non-
formicid prey of Myrmeleon larvae [5]. Here, we report for 
the first time that cockroaches are a natural source of food 
for Myrmeleon. Given that predators generally respond more 
quickly to encounters with frequently consumed prey Uetz 
GW [40], Morse DH [41] it is expected that antlion larvae 
respond faster to the presence of ants than to prey that rarely 
fall into their traps. Future studies can test this hypothesis 
by quantifying the capture success of ants and other types of 
prey by antlion larvae.

The observed aggregated distribution pattern of 
Myrmeleon larvae pits is the result of habitat selection. 
Larvae seek ideal conditions for the construction of pits. 
When aggregations occur, larger larvae tend to be more 
effective in capturing prey than smaller larvae, as body size 
is correlated with pit diameter and larger traps can intercept 
a larger number of prey [7,10,12,22,42]. Our results showed 
that this correlation, albeit moderate, occurred in Myrmeleon 
pit clusters in the study area. However, the relationship 
between pit size and predation success was not observed 
when comparing successful and unsuccessful traps. This 
result might be related to the low natural predation rates of 
antlions. 

We found that 0.90 prey were captured per pit per hour. 
Similar results were obtained by Heinrich and Heinrich B, et 
al. [5] in investigating the natural predation of Myrmeleon 
immaculatus DeGeer in a coastal area of the United States 
of America. The low frequency of antlion predation under 
natural conditions was associated with the presence of larvae 
at early stages of development. During this phase, larvae are 
not very efficient in capturing prey, which can lead to the 
starvation and, ultimately, death of many individuals [2].

Another important factor observed in the field was the 
large number of escapes. In general, ants avoided Myrmeleon 
traps, and even when they fell into the pit, many managed 
to escape the attacks of larvae. The capture rates of antlion 
larvae are quite low under natural conditions [2,5]. Ants’ 
ability to evade traps, known as avoidance behavior, is the 
main cause of low capture rates [8,43]. Gotelli NJ [8] reported 
that ants may emit chemical signals to warn nestmates of 
Myrmeleon pit agglomerations, as evidenced by the reduced 
foraging activity in areas with traps.

Antlion larvae can perceive the presence of prey through 
the vibration of soil particles [44,45]. Thus, even before a prey 
falls into the pit, the larva is aware of its presence. According 
to Guillette LM, et al. [46], animals rely on past experiences 
to evaluate their chance of predation success and adjust their 
behavior in order to obtain a higher energy return. Thus, 
when predators realize that certain prey cannot be captured, 
they choose not to attack to save energy [47].

This is a pioneering study on the diversity of formicids 
naturally predated by Myrmeleon larvae. Our results show 
aspects of the biology of Myrmeleontidae in the Brazilian 
Cerrado, contributing to the knowledge of the natural 
behavior of antlions, which is poorly documented.
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