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ABSTRACT

Ants are frequent visitors to Apis mellifera L. hives. Certain species may cause serious loss of 
productivity to apiculture. The objective of this study was to describe the diversity and abundance 
of ants both outside and inside the hives of Apis mellifera L. in Valles Templados, Jujuy province, 
Argentine. Ants were collected by hand and pitfall traps in the Spring and Summer season of 
2016, 2017 and 2018, in apiaries found at three different localities of Valles Templados: Río Blanco, 
Tilquiza and Severino. Pitfall trapping resulted in 824 specimens belonging to 10 species in Severino, 
208 individuals of 9 species in Tilquiza, and 289 individuals of 2 species in Río Blanco. The most 
common ant species found were: Pheidole sp. (56.07%), Linepithema humile (94.81%), and Solenopsis 
sp. (56.73%) in Severino, Rio Blanco and Tilquiza, respectively. The hand collection of ants yielded 
248 individuals of 7 species collected in Severino, 35 individuals of 3 species in Tilquiza, and 294 
individuals of 2 species in Río Blanco. The most common species was Linepithema humile 67.3%. The 
abundance figures showed significant differences among sampling sites. Several species collected by 
hand were the same as those collected with pitfall traps at the three localities. This study provides 
information about the taxonomic composition of Formicidae associated with Apis mellifera L. in 
Valles Templados in Jujuy. It also provides valuable information on the effect of ants on bee hives, 
which enables to develop control measures where necessary. 
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INTRODUCTION

Argentina has the largest and most well-
developed apicultural industry in the whole 
Southern hemisphere and one of the biggest in 
the world. Around 4,000,000 hives and 35,000 
registered producers contribute to more than 20% 
of world exports (Ferrari et al., 2011). Healthy 
bees have habits that promote hive hygiene, 
which prevents certain diseases or the action of 
parasites and arthropod predators (Dini and 
Bedascarrasbure, 2011). 

Dead bees, mummified larvae (due to 
mycoses) and other evidences that bees have 
been attacked can be detected by observing the 
ground below and in front of the hives (Benítez-
Ahrendts et al., 2015). In fact, there are many 
predators that can reduce and exterminate bee 
colonies. Among them are several species of 
ants and wasps (Guzmán et al., 2011). Ants can 
sometimes wander or nest inside the hives, taking 
advantage of the warm and humid environment 
inside. However, not all species are harmful to 
bees. The main problem with ants nesting inside 
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hives is the inconvenience for beekeepers when 
examining the hives (Valega, 2016). A previous 
study carried out in Valles Templados (province 
of Jujuy, Argentina) concluded that the ant 
species found inside and around the hives were 
not harmful to bees (Ruiz and Benítez, 2018). 

Ants belonging to the Pheidole species are 
abundant and prevail in warm-climate places, 
especially in leaf litter and soil, feeding on 
other insects or wandering in search of sugary 
substances (Longino and Cox, 2009). Solenopsis 
sp. invades different ecosystems, including 
urban areas, feeding mainly on young plants, 
seeds and insects, and attacking small animals. 
Solenopsis sp. ants usually build their nests under 
wood, branches, and others (GISD, 2019). Some 
genera of Acromyrmex that constitute the group 
of the “superior Attini” are known as leaf cutter, 
pruning or farming ants. They feed on fungi, 
which grow on leaf segments that they cut, and 
nest preferably in sandy soils (Culebra-Mason, 
2009; Nobua Behrmann, 2014). They have the 
ability to find the best path between their food 
sources and nests traced with organic products 
that they emit (Anglada et al., 2013). Crematogaster 
sp. is found in different tropical regions of the 
world and in the Neotropical region (Blaimer, 
2012b). Its numerous species are generalist 
fodders, forming small colonies under the loose 
bark of trees or in dry wood (Hosoishi, 2015). 
Linepithema humile is found nesting under fallen 
and partially excavated logs. It is an annoying 
species in households, as it invades pantries 
and other places in search of sweet substances. 
In general, it is recognized as a generalist forage 
and common soil inhabitant (Merrill et al., 2018). 
Workers sometimes steal honey from the hives of 
young bees, recently installed, and compete with 
them for the sources of nectar. Their small size 
means that they can not be attacked by guardian 
bees to drive the sting (Ruiz and Benítez, 2018). 
Pachycondyla sp. can be found in both humid, 
dry forests and savanna areas. The genus has a 
cosmopolitan distribution. They build their nests 
on the ground, leaf litter or rotten wood on the 
ground. All are predators and a few are generalists 
(Lattke, 2003). Ants belonging to the Camponotus 
genus show omnivorous habits, and usually feed 
on the sugary secretions of aphids and other 
arthropods. They are known as carpenter ants, 
and live in hollow trunks. They form colonies of 
different magnitudes in the soil, bases or canopies 
of trees (EcuRed, 2017). Finally, Pseudomyrmex 
sp. ants live in the arboreal stratum, where they 
nest inside dead branches or in modified thorns 
of myrmecophile plants. They are common in 
tropical moist forests, but they can also be found 
in savannahs and cold regions (Ward, 2017).

Previous studies have described Linepithema 
humile as harmful to beekeeping due to honey 
theft and displacement of bees, which weakens 
hives and causes a negative impact on the 
efficiency of pollination and productivity of bees 
(Jones et al., 2016). However, this species also acts 
as a potential mechanical vector of pathogenic 
microorganisms (Ipinza-Regla et al., 1984, Ipinza-
Regla et al., 2015). The Pheidole species is very 
attracted to honey, and has also been described 
as harmful to bees (Moreno-Moreno y Meza-
Santacruz, 1970). Due to its invasive nature, 
Solenopsis sp. can displace and kill bees from 
weak and/or dying beehives (Ruiz and Benítez, 
2018). Ants are highly adaptable and some 
species are anthropophilic. In fact, they play 
an important role as their activity contributes 
to shape the structures of plant communities 
and those of other organisms (Lach, 2010). The 
diversity analysis can determine the taxonomy, 
preservation of these organisms, as well as the 
structure and functioning of these communities 
of insects (Garcia et al., 2013). 

The objective of this study was to describe 
the diversity of ants found outside and inside 
the hives of Apis mellifera L. in Valles Templados, 
Jujuy province, Argentina. To our knowledge, 
this is the first study on this topic and will allow 
for the identification, management and control of 
ant species that can be harmful to beekeeping.

MATERIALS AND METHODS

Locations
The study was conducted in apiaries located 

in Severino (24°34’97’’ S; 65°19’33’’ W), Tilquiza 
(24°05’ S; 65°17’ W) and Rio Blanco (64°13’0.04’’ 
S; 65°14’54.1’’ W),Valles Templados (Jujuy 
province), which includes Dr. Manuel Belgrano, 
Palpalá, El Carmen and San Antonio departments 
(Buitrago 1999). This region belongs to the Chaco 
phytogeographic province, which occupies the 
plain areas and low hills of the southeast of the 
province, forming wide ecotones or transition 
areas with Las Yungas rainforest (Cabrera, 1982). 
The natural flora consists of a transitional 

wood (“Yungas-chaco”), dominated by 
xerophytic components, with plenty of bushes, 
cacti and spiny bromeliads. The climate is 
highland subtropical, mild, with a barren season 
and rainfall concentrated in summer. Winters 
are cool, while summer temperatures are mild to 
moderate; autumns vary from mild to cool and 
springs are hot. Environmental mismanagement 
in this region is common. The warmest months 
record an average temperature of 20°C, while 
the coldest months reach an average of 11°C; 
temperature variation is explained by an average 
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altitude of 1,100 m.a.s.l. Average rainfall reaches 
up to 1000 mm per year (Braun 2001). Unlike 
Severino and Tilquiza, Rio Blanco shows a 
gradual increase in urban population, with 
numerous industrial activities and commercial 
establishments (Carrillo and Londero, 2016). 

Sample collection
Sampling was carried out near apiaries 

belonging to the Cooperativa de Productores 
Apícolas de Jujuy Ltda. (COPAJ) in Río Blanco, 
Tilquiza and Severino (Valles Templados of Jujuy, 
Argentina) during 2016, 2017 and 2018. Hand 
collection of ants inside the hives was performed 
with tweezers and brushes. All surface areas 
were carefully examined, including the outer roof 
cover, inner roof cover, honey chamber, brood 
area of the hive and hive baseboard or floor, 
during the three years of sampling. Ants were 
sampled from an average of twelve hives during 
the rainy season (summer), and ten beehives in 
the dry season (spring) at the three localities. The 
samples taken during the three years of study 
often belonged to different hives. In general, 
the ants were not established in the same hives. 
Before ants were collected, their activity (the 
route they made, what they collected and took, 
where they stayed, their reaction to bees, etc.) 
was observed and recorded in the morning and 
afternoon hours. 

Pitfall traps were placed for three years at a 
distance no greater than 3 meters around the 
hives studied in the dry and rainy seasons. Four 
pitfall traps were set up per apiary with three 
replicas. Ant samples were preserved in 96% 
ethanol, labelled and taken to the Laboratory 
of Microbiology and Beekeeping Health of 
the Agrarian Faculty, National University of 
Jujuy, Argentina, where they were identified by 
means of a stereomicroscope (40X maximum 
magnification), and with different identification 
keys (Kuznezov 1952; Mackay and Mackay, 2002; 
Blaimer, 2012a; Olivero et al., 2009). Finally, the 
samples were placed in the entomology collection 
of the Instituto de Biología de las Alturas (INBIAL) 
of the National University of Jujuy. 

Data analysis
α diversity measurement

The community characteristics assessed were: 
Species Richness (S), Abundance (N), Shannon 
Index (H) and Dominance (D), according to the 
methodology describe by Moreno (2001). Species 
Richness (S) corresponds to the total number 
of species obtained by means of a community 
census. Relative abundance (N) corresponds to 
the percentage of individuals of a particular taxon 
in relation to the total number of individuals in 

the community. Shannon Index (H) reflects the 
homogeneity. The more uniform the distribution 
of the taxa that made up the assembly the greater 
the value obtained. Finally, dominance indexes 
(D) consider the best represented taxon and this, 
in particular, shows the probability that two 
individuals chosen at random belong to the same 
taxon (Moreno, 2001).

β diversity measurement
The three study sites were compared in 

order to determine similarities in taxonomic 
composition by means of the Jaccard similarity 
index. This coefficient can be obtained based on 
qualitative data ranging from 0 (when sites do 
not share the same species) to 1 (when sites share 
the same species) (Moreno, 2001; Carmona and 
Carmona, 2013). 
α and β diversity measurements were 

estimated using PAST software (Hammer et al., 
2001). Default settings were used for the analyses, 
based on the abundance data at the three localities. 

The abundance data of the sampling sites did 
not respond to a normal distribution according to 
the Shapiro Wilks test (p ≥ 0.05, p = 0.0001), so 
they were compared using the nonparametric 
variance analysis of Kruskal Wallis (Di Rienzo 
et al., 2015). This analysis determined whether 
the diversity of ants between the sampling sites 
showed significant differences. In addition, a 
statistical analysis was conducted to determine if 
species abundance of each site showed significant 
differences during the three years of sampling. 
The tested factors were species abundance, sites 
and years of sampling. 

RESULTS

α diversity measurement
The records of Richness, Abundance, 

Dominance, and Shannon Diversity can be seen 
in Table 1 and Table 2. Severino had the highest 
ant species diversity and abundance indexes in 
the pitfall traps (824 ants belonging to 10 species), 
followed by Rio Blanco (289 ants belonging to 
2 species) and Tilquiza (208 ants belonging to 
9). Pheidole spp. ants (56.07%) were dominant 
in pitfalls in Severino, while Solenopsis spp. ants 
(56.73%) were dominant in Tilquiza. Rio Blanco 
recorded the highest dominance index with 
Linepithema humile , which accounted for 94.81% 
of the pitfall catch. 
The Kruskal Wallis statistical test was 

performed using the Infostat program. Significant 
differences (p ≥ 0.05; p = 0.001; gl 2) were observed 
between the sampling sites in terms of ant 
diversity. Severino and Tilquiza shared similar 
characteristics, while Rio Blanco had different 
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characteristics. Each study site maintained 
approximately the same species abundance and 
diversity during the three years of sampling, with 
no significant differences (p ≥ 0.05; p = 0.433; gl 8) 
between the sampling periods for each locality.

Hand collection inside the hives yielded six 
species in Severino, three species in Tilquiza and 
two species in Rio Blanco. Linepithema humile was 
the most commonly found species. This coincides 
with the data obtained from pitfall trapping 
(Table 3). 

β diversity measurement
Tilquiza and Severino showed a higher 

similarity index (0.7), and therefore they were 
classified in a group. Río Blanco recorded the 
lowest similarity index value (< 0.3). The value 
close to 1 shows that Tilquiza and Severino share 
similar species, while the value close to 0 shows 
that very few species found in Rio Blanco are also 
found in the other two localities (Fig. 1).

Activity record of ants in the hives
Solenopsis sp. invaded a dying hive (few 

individuals and low performance of their 
queens), until completely displacing the bees. 
Solenopsis anthills were observed near the hives, 
but individuals of this species were rarely found 
in the remaining hives.

Camponotus mus, C. substitutus and C. 
punctulatus were recorded repeatedly nesting in 
“strong” beehives, with the presence of numerous 
ants (more than a hundred individuals, including 
adults, larvae, pupae and eggs). The bees and 
ants of these species did not interact or attack 
each other. The presence of these Formicidae did 
not disturb the normal functioning of the hives.

Pheidole sp., Acromyrmex hispidus and 
Crematogaster sp. were frequently found prowling 
the hives without nesting inside (attracted by 
bee honey). Therefore, they were considered 
temporary visitors to the hives, but with no 
disturbance to the bees.

Table 1. 	α diversity indexes of ant obtained with pitfalls traps in apiaries at Severino, Tilquiza and 
Rio Blanco localities, Jujuy, Argentina.

Locality	 Severino	 Tilquiza	 Rio Blanco
α diversity indexes			 
Richness	 10	 9	 2
Abundance	 824	 208	 289
Dominance	     0.3452	     0.4164	     0.9016
Diversity of Shannon	     1.544	     1.129	     0.2041

Table 2. 	Relative abundance (%) of ant species obtained with pitfall traps in apiaries at Severino, 
Tilquiza and Rio Blanco localities. Jujuy, Argentina. 

        Locality                                     Severino              Tilquiza             Rio Blanco
Species			 
Myrmicinae	  	  	  
   Pheidole sp.	 56.07	 29.81	 0
   Solenopsis sp.	 0.12	 56.73	 0
   Acromyrmex hispidus	 8.37	 0.48	 0
   Crematogaster sp.	 2.79	 1.92	 0
Dolichoderinae			 
   Linepithema humile	 10.92	 4.33	 94.81
Ponerinae			 
   Pachycondyla constricta	 3.03	 0.96	 0
Formicinae			 
   Camponotus mus	 5.70	 5.77	 5.19
   Camponotus punctulatus	 7.28	 0	 0
   Camponotus substitutus	 3.40	 0	 0
Pseudomyrmicinae			 
   Pseudomyrmex sp.	 2.31	 0	 0
Total	 100		  100	 100
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Linepithema humile (Argentine ant) stole honey 
from the beehives analyzed. This was confirmed 
by the distension of its honey-laden gaster 
observed under stereoscopic magnifying glass. 
However, the number of individuals present was 
low (less than 20 ants), and did not cause losses 
in honey production. The good condition of the 
hives prevented their weakening and a negative 
impact on honey production.

DISCUSSION

A similar pattern to that observed for 
species diversity was also identified in terms 
of abundance. The data obtained on diversity 
allowed reporting on ant species related to honey 
bees at three localities in Jujuy, Argentina. This 
information is still unknown in most regions 
of the country (García et al., 2013). Regarding 

Fig. 1. 	Grouping of the localities under study in Jujuy, Argentina, using the Jaccard similarity 
coefficient of abundance in all sampling periods (2016, 2017, and 2018).

 

Table 3. 	Presence (+) and absence (-) of hand-collected ant species inside hives in apiaries at Severino, 
Tilquiza and Rio Blanco localities. Jujuy, Argentina.

Locality                                               Severino              Tilquiza            Rio Blanco
Species	  		   
Myrmicinae	  	  	  
   Pheidole sp.	 +	 +	 -
   Solenopsis sp.	 +	 +	 -
   Acromyrmex hispidus	 +	 -	 -
   Crematogaster sp.	 +	 +	 -
Dolichoderinae		   	  
   Linepithema humile	 -	 -	 +
Ponerinae		   	  
Formicinae		   	  
   Camponotus mus	 +	 +	 +
   Camponotus punctulatus	 +	 +	 -
   Camponotus substitutus	 +	 -	 -
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abundance, Tilquiza and Severino showed higher 
similarity indexes, while Río Blanco recorded the 
lowest value.

It is important to note that Río Blanco presents 
great agricultural activity, but also numerous 
industrial establishments, with native vegetation 
degraded by anthropic action (Carrillo and 
Londero, 2016). The dominance and dispersion 
of Linepithema humile is mainly due to urban 
development and vegetation degradation. It is a 
domestic pest that wipes out native ant species 
from places they invade. This would explain the 
dominance of this species, and the low diversity 
of other ant species in this locality (Ipinza-Regla et 
al., 2010; Jones et al., 2016). Severino and Tilquiza 
do not have important agricultural or industrial 
exploitation; apiaries are located in more forested 
areas away from and free from these activities.

Linepithema humile known as Argentine ant, is 
one of the most abundant and invasive species 
worldwide. In fact, it is found on all continents and 
many oceanic islands (Merrill et al., 2018), which 
indicates that the species is highly adaptable to 
urbanized sites and can displace other ant species 
from their nests. Its introduction is responsible 
for the decrease in the diversity and abundance of 
native ant species and other arthropods (Braun, 
2001; Lach et al., 2010).

Severino and Tilquiza show great similarity 
in ant richness, while Río Blanco has a lower 
diversity. This difference in ant populations could 
be explained by the agricultural activities carried 
out in Rio Blanco as the reduction of native forest 
areas that might be directly affecting the insect 
fauna of the area (Carrillo and Londero, 2016).

Pitfall traps show that Camponotus punctulatus, 
Camponotus substitutus, Pseudomyrmex sp. were 
only present in Severino, with abundance levels 
of 7.28, 3.4 and 2.31%, respectively. Camponotus 
mus was collected in all localities, and recorded 
a 5% abundance level, whereas Pachycondyla 
constricta, Acromyrmex hispidus and Crematogaster 
sp. were only collected in Severino and Tilquiza. 
Linepithema humile and Pheidole sp. were the ant 
species that were most abundantly found in the 
hives studied. These data coincide with those 
obtained by the research group that reported 
the presence of Linepithema humile in Río Blanco, 
and described that this ant species did not cause 
damage to strong and healthy hives with stored 
honey reserves (Dini y Bedascarrasbure, 2011; 
Benítez-Ahrendts et al., 2015; Ruiz and Benítez, 
2018). Likewise, Pheidole sp. was found inside 
strong hives both in Severino and Tilquiza, 
causing no apparent damage.

Solenopsis sp. is one of the most abundant ant 
species in Tilquiza. It was observed that it carries 
larvae, pupae, adult bees and honey to their 

nests. There are studies that describe that this is 
an invasive and opportunistic species that likes to 
live close to or in weak and dying hives, forcing 
bees to migrate (Ruiz and Benítez, 2018; GISD, 
2019). 

According to the hand collections, they are 
frequent visitors to the Pheidole sp., Solenopsis sp., 
Linepithema humile and Camponotus mus hives, 
species found in large numbers without causing 
damage to the hives; except by Solenopsis sp., 
Camponotus subtitutus, Camponotus punctulatus, 
Acromyrmex sp. and Crematogaster sp., which 
appeared in a low quantity and did not cause any 
damage.

In general, certain species of ants move inside 
the hives. Others, nest in the inner roof cover, a 
kind of removable ceiling that beekeepers use for 
the protection of thermal amplitudes. The heat 
generated by the hive warms the inner roof cover 
that generates an ideal environment for ants 
to nest in the rainy and winter seasons (Valega, 
2016; Ruiz and Benítez, 2018). Another observed 
behavior was foraging since some species of 
ants obtained sugary substances (mature and 
immature honey) from the hives (EcuRed, 2017; 
GISD, 2019). In general, the presence of ants in 
the hives does not cause discomfort to bees (Ruiz 
and Benítez, 2018). This may suggest the existence 
of a mutualistic relationship between these two 
species. On this respect, bees were seen walking 
very close to ants on the inside cover of the roof 
of strong hives, with no observation of aggressive 
or antagonistic behavior between. It is important 
to note that ants have a defense mechanism in 
which formic acid is sprayed. Regarding pest 
management, beekeepers struggle against Varroa 
mites in their hives. The Varroa mite (Varroa 
destructor) is a widespread mite in our country and 
worldwide, which can weaken and kill honey bee 
colonies within months of infestation (Berdugo et 
al., 2010). One of the organic products used for 
its control is formic acid. It has been described 
that bees, like other species such as birds, use 
baths of this acid to eliminate mites from their 
bodies (Morozov, 2015). It would be interesting 
to repeat this study in the other seasons of the 
year (autumn and winter) and deepen the study 
of the ecology and behavior of each ant species 
in the apiaries. 

CONCLUSIONS

It is concluded that ant species Linepithema 
humile, Camponotus mus, Camponotus subtitutus, 
Camponotus punctulatus, Pheidole sp., Solenopsis 
sp., Acromyrmex sp. and Crematogaster sp. are 
frequent visitors to hives. Pheidole sp., Solenopsis 
sp. and Linepithema humile were the most 
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abundant species. Solenopsis sp. causes damage 
to bees in weak or dying hives. Linepithema 
humile, Camponotus mus, Camponotus subtitutus, 
Camponotus punctulatus, Pheidole sp., Acromyrmex 
sp. and Crematogaster sp. do not harm strong and 
healthy hives. The results obtained suggest that 
honey bees can be affected by ants depending 
mainly on the ant species and conditions of the 
hive (sick or depopulated). Well-maintained 
hives by beekeepers are hardly damaged by ants. 
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