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ABSTRACT

Some species of  ants build structures away from the nests using soil particles and plant debris. This peculiar building 
behavior can be displayed near plant food sources, such as extrafloral nectaries, in which the structures apparently work 
as shelters that protect ants from competitors and parasitoids. Here we report similar structures observed near the nectar-
secreting glands of  croziers of  the fern Pteridium caudatum in a field study plot. Workers of  the tropical fire ant Solenopsis 
geminata were seen moving between these aggregates and feeding on nectaries. We also observed structures composed of  
soil aggregates and plant debris apparently used as shelters by S. geminata workers which went in and out from them. We 
suggest that this building behavior might be an opportunistic strategy of  S. geminata to monopolize the exploitation of  
these energy-rich sources facing the sympatric ant Pheidole radoszkowskii, a frequent visitor of  the nectaries and a highly 
aggressive competitor.
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Introducción

Among ants, there are species that build physical 
structures away from their main nest to cover foraging 
trails or food sources. Some of  them, for instance, can 
build shelters using bits of  dead vegetal material and soil 
particles (Anderson and McShea 2001 and references 
therein).  This building behavior is considered a 
protection strategy of  foraging ants against competitors, 
predators or desiccation (Blüthgen and Feldhaar 2010). 
Several cases of  structures built away nest have been 
reported among fire ants in the genus Solenopsis. For 
instance, Clarke et al. (1989) observed that Solenopsis 
invicta (Buren, 1972) constructed shelters for tending 
honeydew-producing hemipterans. A similar behavior 

was also observed in Solenopsis geminata (Fabricius, 1804) 
by Moya-Raygoza and Larsen (2008). These authors 
found that shelters had a positive effect in the number of  
leafhoppers and foragers, suggesting that these structures 
provided both trophobionts and ants with a refuge from 
which to escape high temperatures and parasitoids. In 
addition to the construction of  shelters involved in 
mutualistic relationships, it has also been reported that 
S. geminata foragers may cover plant exudates with soil 
particles furnishing a canopy under which workers feed 
(Travis 1941). 
In this note, we report observations on the building 
behavior exhibited by workers of  S. geminata near 
extrafloral nectaries (EFN) of  the bracken fern Pteridium 
caudatum (L.) Maxon in the Andean mountains of  

https://orcid.org/0000-0001-7552-3197
https://orcid.org/


16

ENTOMOTROPICA, 35 : 15-20

Venezuela. In addition, we documented aspects of  the 
foraging behavior of  this fire ant and its interaction with 
other ant species in the study area. 
The tropical fire ant S.geminata is a one of  the most 
serious  worldwide pest ants (Wetterer 2011). Originally  
from the Neotropics, it spread to other continents 
due to the earliest stages of  global commerce (Gotzek 
et al. 2015). The workers of  this omnivore ant are 
important predators of  arthropods and seeds (Risch 
and Carroll 1982; Lai et al. 2018). As well as be attracted 
to honeydew-producing hemipterans, they also feed on 
others carbohydrate-rich sources such as EFN (Vergara 
et al. 2007). 
EFN are glands located in vegetative parts of  plants that 
secrete a sugary water-based nectar (Nepi et al. 2018). 
They are widespread in angiosperms and in ferns, in 
which having no flowers, are simply named nectaries 
(Koptur et al. 2013). EFN are thought to provide 
protection to vascular plants by attracting arthropods 
that prey on herbivores (Bentley 1977, Koptur 2005, 
Marazzi et al. 2013). Being an important energy source 
for many ant species, EFN play a key role in shaping 
an ample variety of  ant-plant interactions (Koptur 1992, 
Heil and McKey 2003, Rico-Gray and Oliveira 2007).
EFN in the croziers (the first growth stage of  ferns) of  
the bracken Pteridium spp. occur as one pair of  rounded 
protuberances found at the junction of  the main stem 
with the first pair of  pinnae (Rumpf  et al. 1994). During 
the active life of  bracken nectaries, which is estimated 
from about 6 to 10 days, the nectar can be observed 
like a drop of  a colorless liquid (Page 1982). After this 
period, the secretion decreases to tiny drops and bracken 
nectaries turn dark brown. The exudation ceases when 
the fern pinna become fully unrolled (Tempel 1983).
So far, few studies  have documented the ocurrence of  
stuctures built by ants near nectaries. Our observations 
seek to shine new light that could contribute to understand 
the adaptive significance of  the ant-construct structures 
observed near EFN.

Materials and Methods

Observations of  structures built by ants in fern 
nectaries.
The occurrence of  workers of  S. geminata associated 

with certain intriguing structures around bracken 
nectaries were casually observed in May 6th 2010  in a 
182 m2 experimental plot in Cerro La Bandera, near 
Mérida city (lat 8º38’4’’  N, long 71º9’15’’  W) at 1 
980 m of  elevation. This area had been cleared of  
vegetation and coarse woody debris three weeks before 
as preparation for a study on fern growth. At the time 
of  the first observation, we noted the presence of  
one nest of  S.geminata within the plot. The vegetation 
was mostly made of  young sprouts of  P. caudatum (52 
croziers) and scattered growing grasses. During the first 
and subsequent days of  observation ((May 10th, 13th and 
20th), we also noted that the nectaries of  many others 
croziers, which had no structures around them, were 
visited by workers of  other ant species.
We collected ant workers from ferns and nest, and stored 
in 75% ethanol for species identification. In the case of  
S.geminata, we compared the collected specimens with 
reference specimens identified by K. Jaffe (Universidad 
Simón Bolívar, Venezuela). For the identification of  
the other ant species collected, we followed to Palacio 
and Fernández (2003), Longino (2003) and Serna et al. 
(2019). Ant vouchers were  deposited at insect collection 
of  Laboratorio de Ecología de Insectos,   Departamento 
de Biología, Universidad de Los Andes, Venezuela.

Observations of  the feeding behavior of  S. geminata.
During June-July 2018, we came back to the study area 
which had been cleared as in the previously referred 
experience and we monitored the ant foraging activity 
in 62 croziers of  P. caudatum. In addition, to obtain more 
information about the feeding behavior of  S. geminata in 
this area, we offered in each of  three nests one honey 
drop on fresh leaves sections placed at ground level 
as bait. All observations were done between 7:30 am 
and 10:30 am during six days, and filmed using Sony 
Cybershot® digital cameras DSC-T9 and DSC-T200.

Results and Discussion

Observations of  structures built by ants in fern 
nectaries.
On the first day of  observation, we noted that three 
croziers of  P. caudatum (5,8% of  population) had some 
scattered particles of  soil and vegetable debris near 
the nectaries (Figure 1a). Three to five workers of  S. 
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geminata visited the nectaries while others workers of  the 
same specie moved the particles around these glands. 
In the second and third day of  observation, the same 
croziers showed two kinds of  structures near nectaries 
presumably built with the remains observed the first 
day. In two croziers, nectaries were surrounded and/
or covered by these fragments (Figure 1b). The third 
crozier showed a set of  fragments stacked in an elongate 
form. In all cases, ant workers (3, 3 and 5, respectively) 
visited nectaries, walked around them or crawled below 
the structure that seemed to function as a shelter (Figure 
1c). On the fourth day of  observation, only one of  the 
croziers showed remains of  the previously described 
structures and three workers of  S. geminata moved near 
the nectaries. During all days of  observations we also 
noted that nectaries of  many others croziers, which had 
not structures around them, were visited by workers of   
Pheidole radoszkowskii (Mayr,1884) .
Structures built by Solenopsis near plant secretions have 
been scarcely documented. Travis (1941) pointed out 
that foragers of  S. geminata covered plant exudates 

and other moist materials with soil particles and plant 
debris, under which ants then feed. Longino (personal 
communication) observed that S. geminata workers 
built a soil pavilion covering EFN in leaf  petioles of  
a Passiflora vine touching the ground. The behavioral 
plasticity involved in activities such as shelter building 
away from the nest also has been reported in S. invicta, 
another highly invasive ant, which builds satellite nests 
at the base of  plants when harvesting EFN (Koptur et 
al. 2017). 
Anderson and McShea (2001) defined buildings made by 
ants away from their nests as functional adaptive units, or 
intermediate-level parts, elaborated by a set of  workers 
of  the colony. These authors refer to those structures 
built to exploit EFN as “shelters” used temporarily to 
maintain easy and exclusive access to this rich food source. 
In our study, it is likely that the nectaries of  P. caudatum 
were the closest and most abundant carbohydrate source 
in the disturbed area. 
We suggest that the two kinds of  structures observed 
near the nectaries of  P. caudatum represent two different 

Figure 1. Structures built by Solenopsis geminata near nectaries of  the fern Pteridium caudatum. (a) Scattered particles of  soil and vegetable 
debris near the nectaries (arrows). (b) Nectaries covered with soil particles and plant debris (arrows). (c) A structure built near the 
nectaries (arrow). All the images show S. geminata workers moving around the structures and visiting the nectaries. Scale 5 mm.
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Figure 2. S. geminata building a shelter to face P. radoszkowskii. (a) Foragers of  P. radoszkowskii rapidly found (asterisk) the honey 
drop and attacked S. geminata foragers (arrow). (b) While workers of  P. radoszkowskii fed on honey drop (arrows), S. geminata 
workers built a subterranean shelter with debris (circle). (c) Workers of  S. geminata emerged from the shelter (circle) to deter P. 
radoszkowskii intruders (asterisk). Scale 5 mm.

ways used by S. geminata to gain exclusive access the 
resource. One way could be the construction of  a 
structure simple, with lesser time and energy cost to 
colony-specific territorial marking  (Figure 1b). Site 
fidelity would increase foraging efficiency, because ants 
would recognize with least effort where a rich food 
source is (Hölldobler and Wilson 1990). The other 
mechanism could involve construction of  structurally 
more complex shelter to harbor a set of  foraging and/or 
patrolling workers, while nectaries were producing sweet 
secretion (Figure 1c). 
In relation to the apparent temporal nature of  these 
structures, we were not able to ascertain if  these 
structures were disassembled by ants themselves or by a 
fortuitous event.

Observations of  the feeding behavior of  S. geminata.
During our observations on 62 croziers of  P. caudatum 
carried out in 2018, we could not see similar structures 
such as described previously nor workers of  S. geminata 
visiting nectaries. As in previous experiences, we 
observed that many croziers were visited by workers 
of  P. radoszkowskii. In the experiments using bait, 

workers of  P. radoszkowskii, were able to rapidly find and 
monopolize one honey drop near the foraging area of  S. 
geminata (Figure 2a). In one case, we were able to observe 
that following their exclusion, workers of  S. geminata 
dug a burrow under the leaf  section which contained 
the honey drop (Figure 2b) from which major workers 
emerged to fight with the hostile Pheidole workers, 
repelling them from the resource. Some of  them were 
observed throwing plant debris and soil particles on the 
honey drop. A few minutes later, the opening of  the 
burrow was covered with the excavated soil particles 
setting up a structure similar to a roof. It seemed work 
as a shelter from which workers emerged for feeding on 
the honey drop and / or face the constant attempts of  
P. radoszkowskii to visit it (Figure 2c). This subterranean 
foraging behavior is a remarkable feature in S. invicta and 
S.geminata (Markin et al. 1975, Chang and Ota 1976). In 
fact, we also noted (unpublished observations) that S. 
geminata workers buried dead grasshoppers with soil and 
plant debris when they were provided as bait. 
These observations suggest that the two kinds of  
structures observed near fern nectaries may  work as 
defensive strategies of  S. geminata against the sympatric 
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ant P. radoszkowskii. In studies done in the same study 
area, it was found that P. radoszkowskii was the most 
frequently collected species on croziers of  P. caudatum, 
while S. geminata was collected in very low frequency 
(Ávila-Núñez and Otero 2013, Ávila-Núñez and 
Otero 2019). Competitive interactions of  the ground-
foraging ants S. geminata and Pheidole spp.  are frequent in 
neotropical ecosystems (Perfecto and Vandermeer 2011). 
For example, foraging experiments performed in coffee 
monocultures, where the ant community was reduced 
to two dominant species, showed that P. radoszkowskii 
was more efficient at finding food sources, whereas S. 
geminata was better at defending the resources once they 
were encountered (Perfecto 1994).

Conclusions

As far as we know, this is first case documented for S. 
geminata building structures on nectaries, adding another 
trait of  behavioral plasticity to the wide set of  strategies 
that allow to invasive ant species to dominate plant-
derived resources (Koptur et al. 2017).
We suggest that the building of  structures near fern 
nectaries by S. geminata in our study area seemed be an 
opportunist strategy to face the competition from P. 
radoszkowskii in a recently perturbed enviroment, likely 
with limitations of  feed resources. 
However, further work needs be done to demonstrate 
what our observations suggest. For now we will 
concentrate on increasing the number of  observations on 
the structures that S. geminata builds near fern nectaries 
and examine more deeply the role of  P. radoszkowskii as 
possible competitor in this ant-plant interaction. 

Literature cited

Anderson C, McShea DW. 2001. Intermediate-level 
parts in insect societies: adaptive structures that ants 
build away from the nest. Insectes Sociaux, 48:291–301.

Ávila JL, Otero LD. 2013. Insectos sobre cayados del 
helecho invasor Pteridium caudatum en Los Andes 
venezolanos. Entomotropica, 28:99-102.

Ávila-Núñez JL, Otero LD. 2019. Entomofauna 
asociada a especies de helechos Pteridium (Pteridopsida: 
Dennstaedtiaceae) en el Cerro La Bandera de Los 
Andes venezolanos. Ecotrópicos, 31: e0006.

Bentley B. 1977. Extrafloral nectaries and protection by 

pugnacious bodyguards. Annual Review of  Ecology, 
Evolution, and Systematics, 8:407–427.

Blüthgen N, Feldhaar H. 2010. How resources 
influence ant ecology. In: Lach L, Parr CL, Abbott 
K, editors. Ant Ecology. Oxford (England): Oxford 
University Press. p115-136.

Chang VCS, Ota AK. 1976. Fire ant damage to 
polyethylene tubing used in dip irrigation systems. 
Journal of  Economic  Entomology, 69:447-450.

Clarke SR, DeBarr GL, Berisford CW. 
1989. The life history of  Toumeyella pzini (King) 
(Homoptera:Coccidae) in loblolly pine seed orchards 
in Georgia. The Canadian Entomologist, 121:853:860.

Gotzek DA, Axen HJ, Suarez AV, Helms Cahan 
S, Shoemaker DD. 2015. Global invasion 
history of  the tropical fire ant: a stowaway on the first 
global trade routes. Molecular Ecology, 24: 374–388.

Heil M, McKey D. 2003. Protective ant-plant interactions 
as model systems in ecological and evolutionary 
research. Annual  Review of   Ecology, Evolution, and  
Systematics, 34:425–453.

Hölldobler B, Wilson EO. 1990. The Ants. 
Cambridge, Mass: Harvard University Press. 732 p. 

Jaffe K, Puche H. 1984. Colony-specific territorial 
marking with the metapleural gland secretion in the 
ant Solenopsis geminata (Fabr.). Journal of  Insect Physiology, 
30: 258-270.

Koptur, S. 1992. Extrafloral nectary-mediated interactions 
between insects and plants. In: Bernays E, editor. 
Insect-Plant Interactions. Boca Raton, FL (USA): 
CRC Press. p 81-130.

Koptur S. 2005. Nectar as fuel for plant protectors. In: 
Wäckers FL, van Rijn PCJ, Bruin J, editors. Plant-
provided food for carnivorous insects: a protective 
mutualism and its applications. Cambridge (England): 
Cambridge University Press. p 75-108.

Koptur S, Palacios-Rios M, Díaz-Castelazo 
C, Mackay WP, Rico-Gray V. 2013.  Nectar 
secretion on fern fronds associated with lower 
levels of  herbivore damage: field experiments with 
a widespread epiphyte of  Mexican cloud forest 
remnants. Annals of  Botany, 111: 277–1283.

Koptur S, Jones IM, Liu H, Díaz-Castelazo 
C. 2017. Playing the System: The Impacts of  
Invasive Ants and Plants on Facultative Ant- Plant 
Interactions. In: Oliverira PS and Koptur S, editors. 
Ant-Plant Interactions: Impacts of  Humans on 
Terrestrial Ecosystems. Cambridge (England): 
Cambridge University Press. p 249-266.

Lai LC, Chiu MC, Tsai CW, Wu WJ. 2018. Composition 
of  harvested seeds and seed selection by the invasive 
tropical fire ant, Solenopsis geminata (Hymenoptera: 
Formicidae) in Taiwan. Arthropod-Plant Interactions, 12: 
623–632.



20

ENTOMOTROPICA, 35 : 15-20

Longino J. 2003. Hormigas de Costa Rica. Disponible en: 
http://ants.biology.utah.edu/Genera.html (fecha de 
la última consulta: 25/08/2020).

Marazzi B, Bronstein JL, Koptur S. 2013. The 
diversity, ecology and evolution of  extrafloral 
nectaries: current perspectives and future challenges. 
Annals of  Botany, 111: 1243-1250.

Markin GP, O`Neil J, Dillier J. 1975. Foraging 
Tunnels of  the Red Imported Fire Ant, Solenopsis 
invicta (Hymenoptera: Formicidae) Journal of   Kansas 
Entomological Society, 48:83-89. 

Moya-Raygoza G,  Larsen KJ. 2008. Positive effects 
of  shade and shelter construction by ants on 
leafhopper-ant mutualism. Environmental Entomology, 
37: 1471-1476.

Nepi M, Grasso DA and Mancuso S. 2018. Nectar 
in Plant–Insect Mutualistic Relationships: From 
Food Reward to Partner Manipulation. Frontiers in 
Plant Science, 9:1063. doi: 10.3389/fpls.2018.01063

Page  CN. 1982. Field observations on nectaries of  bracken, 
Pteridium aquilinum, in Britain. Fern gazette, 12: 233-240.

Palacio EE, Fernández F. 2003. Claves y sinópsis 
de las subfamilias y géneros. In: Fernández F, 
editor. Introducción a las Hormigas de la Región 
Neotropical. Bogotá (Colombia): Instituto de 
Investigaciones de Recursos Biológicos Alexander 
Von Humboldt. p 221-331.

Perfecto I. 1994. Foraging behavior as a determinant of  
asymmetric competitive interaction between two ant 
species in a tropical agroecosystem. Oecologia, 98: 
184–92.

Perfecto I, Vandermeer J. 2011. Discovery 
Dominance tradeoff  as a mechanism of  coexistence: 

the case of  Pheidole subarmata and Solenopsis geminata 
(Hymenoptera: Formicidae) in Neotropical pastures. 
Environmental Entomology, 40: 999-1006.

Rico-Gray V, Oliveira PS. 2007. The ecology and 
evolution of  ant–plant interactions. Chicago (USA): 
University Chicago Press. 320 p.

Risch SJ, Carroll CR. 1982. Effects of  a keystone 
predaceous ant, Solenopsis geminata, on arthropods in a 
tropical agroecosystem. Ecology 63: 1979–1983.

Rumpf S, Cromey M, Webb CJ. 1994. Ultrastructure 
and function of  the nectaries of  New Zealand 
bracken (Pteridium esculentum (Forst. f.) Cockayne). 
New Zealand Journal of   Botany, 32: 487-496.

Serna FJ, Suárez D, Pérez AL. 2019. Género 
Pheidole. In: Fernández F, Guerrero RJ, Delsinne T. 
editores. Hormigas de Colombia. Bogotá (Colombia): 
Instituto de Ciencias Naturales, Universidad Nacional 
de Colombia. p. 917-1053.

Tempel AS. 1983. Bracken fern (Pteridium aquili num) and 
nectar-feeding ants: a nonmutualistic interaction. 
Ecology, 64, 1411–22.

Travis BV. 1941. Notes on the biology of  the fire ant 
Solenopsis geminata (F.) in Florida and Georgia. Florida 
Entomologist, 24: 15–22.

Vergara Navarro, EV, Sánchez HE, Serna 
Cardona FJ. 2007. Hormigas (Hymenoptera 
Formicidae) asociadas al arboretum de la Universidad 
Nacional de Colombia, sede Medellín. Boletín de la 
Sociedad Entomológica Aragonesa, 40:497-505.

Wetterer JK. 2011. Worldwide spread of  the tropical fire 
ant, Solenopsis geminata (Hymenoptera: Formicidae). 
Myrmecological News, 14: 21-35.

http://ants.biology.utah.edu/Genera.html

