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ABSTRACT 

The Argentine ant Linepithema humile (Mayr) is categorized as one of the 100 worst 

invasive species worldwide, due to its highly invasive potential and its negative effects on 

ecosystems, reasons why the control of its populations has become a prime goal. However, 

most of the efforts made for its eradication implemented until now have shown little 

success, which underlines the necessity to develop new approaches to manage its invasion. 

The Argentine ant aggregates during winter into large nests in the same locations every 

year, which makes it easily detectable and potentially controllable. By extirpating winter 

nest aggregations, the density of emerging queens at springtime should be decreased and 

their spreading potential reduced.  

 

This work compared for the first time the characteristics and effects of the Argentine ant 

invasion between areas with different degrees of infestation on the abundance and richness 

of native ant species and functional groups, and other non-ant arthropods. Moreover, it 

assessed the effects of L. humile winter nest aggregations extirpation on its population 

dynamics. The sampling was made between 2009 and 2011 in three secondary cork oak 

forests from Catalonia, within several plots characterized by different levels of invasion 

(non-invaded, edge of invasion, and highly invaded areas) by means of pitfall traps and 

vegetation beating. Additionally, bait transects were used to measure the spread of the 

invasion in relation to the presence of native ants, abiotic, and perturbation factors. Nest-

site preference and artificial nests used as a control tool were assessed. 

 

Overall results indicate that L. humile invasion causes important changes in the native ant 

community structure, those changes becoming more drastic as the invasion degree 

increases. The most affected species and functional groups were the most dominant, and in 

contrast, cryptic and subordinate species seemed to be favoured by the invasion.  

 

On the other hand, a mean annual rate of spread of 50.7 m ± 14.6 SE was estimated for the 

study area. It was confirmed that the air temperature is an important factor influencing the 

spread, and that habitat perturbations together with modifications of the native ant 
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community composition could be favouring a faster expansion. Furthermore, L. humile 

shows preference to nest under rocks, and terrain features at micro-scale may influence its 

nest distribution.  

 

The results concerning the extirpation of winter nest aggregations showed that this method 

diminishes the abundance of L. humile, and disturbs its population dynamics. In order to 

make this method more efficient, extirpation should be made in the edge of the invasion, 

where more queens per nest are found, and should focus on nests under larger rocks where 

mature nests are more likely to be found.  

 

Additionally, artificial nests were found to be a useful and complementary tool for the nest 

extirpation method by reducing winter nests searching time. In order to favour nest 

colonization and longevity, artificial nests should be installed in autumn, in places with a 

moderate slope, partially covered by canopy, and using preferably concrete tiles or similar 

objects. In this way, the extirpation will have a stronger impact on L. humile populations 

by weakening its spread potential, and will be more successful in its control.  

 

Finally, since the re-colonization by the Argentine ant in open natural habitats is inevitable, 

the extirpation of winter nest aggregations is proposed mainly for controlling its invasion 

in closed or isolated areas, where the reintroduction of this species can be actively 

withheld. Further investigation on the long-term efficacy and cost-effectiveness of this 

control method is required. 
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RESUM 

La formiga argentina Linepithema humile (Mayr) està catalogada com a una de les 100 

pitjors espècies invasores a nivell mundial pel seu potencial invasor i els seus efectes 

negatius sobre els ecosistemes, fet que fa que el control de les seves poblacions sigui un 

objectiu primordial. No obstant això, la major part dels esforços duts a terme per eradicar-

la han tingut poc èxit fins ara, i per tant, és necessari el desenvolupament de nous 

enfocaments per gestionar la seva invasió. A l'hivern, L. humile s'agrupa en grans nius 

localitzats als mateixos llocs any rere any, cosa que els fa fàcilment detectables i 

potencialment controlables. Extirpant aquests nius, la densitat de reines emergents a la 

primavera podria ser disminuïda, i de retruc, el seu potencial d'invasió.  

 

En aquest treball es van compar per primera vegada les característiques i els efectes de la 

invasió de la formiga argentina entre àrees amb diferents graus d'invasió, sobre 

l'abundància i riquesa de les especies i grups funcionals de formigues natives, així com 

també sobre altres artròpodes, i es va avaluar l'efecte de l'extirpació sobre la seva dinàmica 

poblacional. El mostreig es va realitzar entre 2009 i 2011 en tres suredes catalanes, en 

parcel·les ubicades a diferents distàncies del marge de la invasió i en àrees no envaïdes, 

mitjançant trampes de caiguda i paraigües japonès. A més, la taxa d'expansió de L. humile 

va ser mesurada mitjançant transsectes amb esquers i relacionada amb la presència de 

formigues natives, factors abiòtics i perturbacions del hàbitat. També es va avaluar la 

selecció de llocs de nidificació i l'ús de nius artificials com a eina de control. 

 

Els resultats globals indiquen que L. humile provoca canvis importants en l'estructura de la 

comunitat de formigues natives, els quals són més dràstics a mesura que augmenta el grau 

d'invasió. Les espècies i grups funcionals més afectats van ser els més dominants, 

contràriament a les espècies críptiques i subordinades que van ser afavorides per la invasió.  

 

D'altra banda, es va estimar una taxa mitjana anual d'expansió de 50,7 ± 14,6 m SE per 

l'àrea d'estudi. Es va confirmar que la temperatura ambiental és un factor important que 

influeix en l'expansió de la invasió i que les pertorbacions de l'hàbitat juntament amb les 

modificacions de la composició de comunitats de formigues natives podrien afavorir una 
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propagació més ràpida d'aquesta espècie. A més, es va observar que L. humile nidifica 

preferentment sota pedres i que les característiques del terreny a petita escala influeixen 

directament en la distribució dels nius.  

 

Els resultats de l'extirpació d'agregacions de nius d'hivern van mostrar que aquest mètode 

disminueix l'abundància de L. humile i pertorba la seva dinàmica poblacional. Per tal que 

aquest mètode sigui més eficient, l'extirpació s'ha de fer al marge de la invasió, on es troba 

la major densitat de reines per niu, i s'ha de centrar en els nius situats sota les pedres més 

grans que és on hi ha més probabilitat de trobar nius madurs.  

 

Quant als nius artificials, es va trobar que poden ser útils com a eina complementària per al 

mètode de l'extirpació, ja que poden reduir el temps de recerca de nius d'hivern. Per tal 

d'afavorir la colonització i longevitat dels nius artificials, aquests han de ser instal·lats a la 

tardor en llocs amb un pendent moderat, parcialment coberts per vegetació de capçada, i 

s’han d’utilitzar preferentment rajoles de formigó o objectes similars. D'aquesta manera, 

l'extirpació tindrà un major impacte sobre les poblacions d'aquesta formiga, reduint-ne la 

seva expansió, i assegurant-ne així un control més reeixit.  

 

Finalment, atès que la recolonització de la formiga argentina és inevitable en hàbitats 

naturals oberts, l'extirpació d'agregacions de nius d'hivern es proposa principalment per al 

control de la invasió en àrees tancades o aïllades, on es pugui controlar activament la 

reintroducció. A més, es requereix investigació addicional a llarg termini sobre la eficàcia i 

rendibilitat d'aquest mètode de control. 
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RESUMEN 

La hormiga argentina Linepithema humile (Mayr) está catalogada como una de las 100 

peores especies invasoras a nivel mundial, debido a su fuerte potencial invasor y sus 

efectos negativos sobre los ecosistemas, lo que hace que el control de sus poblaciones sea 

un objetivo primordial. Sin embargo, la mayor parte de los esfuerzos llevados a cabo para 

erradicarla han tenido poco éxito hasta ahora, siendo por tanto necesario el desarrollo de un 

nuevo enfoque para gestionar su invasión. En invierno, L. humile se agrupa en grandes 

nidos localizados en los mismos sitios año tras año, lo que los hace fácilmente detectables 

y potencialmente controlables. Extirpando estos nidos, la densidad de reinas emergentes en 

primavera podría ser disminuida y como consecuencia su potencial de invasión sería 

reducido.  

 

Este trabajo se compararon por primera vez las características y los efectos de la invasión 

de la hormiga argentina entre áreas con distinto grado de invasión, sobre la abundancia y 

riqueza de hormigas nativas y sus grupos funcionales al igual que sobre otros artrópodos, y 

se evaluó el efecto de la extirpación de nidos de invierno sobre su dinámica poblacional. El 

muestreo se realizó entre 2009 y 2011 en tres alcornocales catalanes, en parcelas ubicadas 

a diferentes distancias del borde de la invasión y en áreas no invadidas, por medio de 

trampas de caída y vareo de la vegetación. Además, la tasa de expansión de L. humile fue 

medida por medio de transectos con cebos y relacionada con la presencia de hormigas 

nativas, factores abióticos y perturbaciones del hábitat. Se evaluaron también la selección 

de sitios de anidamiento y el uso de nidos artificiales como una herramienta de control.  

 

Los resultados globales indican que L. humile provoca cambios importantes en la 

estructura de la comunidad de hormigas nativas, cambios que son más drásticos a medida 

que aumenta el grado de invasión. Las especies y grupos funcionales más afectados fueron 

los más dominantes, y en contraste, las especies crípticas y subordinadas fueron 

favorecidas por la invasión.  
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Por otra parte, se estimó una tasa media anual de expansión de 50,7 ± 14,6 m SE para el 

área de estudio. Se confirmó que la temperatura ambiental es un factor importante que 

influye en la expansión y que las perturbaciones del hábitat junto con las modificaciones de 

la composición de comunidades de hormigas nativas podrían favorecer una propagación 

más rápida de esta especie. Además, se observó que L. humile anida preferentemente 

debajo de piedras, y que las características del terreno a micro-escala influyen directamente 

en la distribución de sus nidos.  

 

Los resultados de la extirpación de agregaciones de invierno mostraron que este método 

disminuye la abundancia de L. humile y perturba su dinámica poblacional. Con el fin de 

que este método sea más eficiente, la extirpación debe hacerse en el borde de la invasión, 

donde se encuentran la mayor densidad de reinas por nido, y debe centrarse en los nidos 

ubicados bajo las piedras más grandes en donde hay mayor probabilidad de encontrar nidos 

maduros.  

 

En cuanto a los nidos artificiales, se encontró que pueden ser útiles como herramienta 

complementaria para el método de la extirpación, ya que pueden reducir el tiempo de 

búsqueda de nidos de invierno. Con el fin de favorecer la colonización y longevidad de los 

nidos artificiales, éstos deben ser instalados en otoño en lugares con una pendiente 

moderada, parcialmente cubiertos por el dosel, y se deben utilizar preferentemente 

baldosas de hormigón u objetos similares. De esta manera, la extirpación tendrá un mayor 

impacto sobre las poblaciones de esta hormiga, reduciendo su expansión y logrando por 

ende un control más exitoso.  

 

Finalmente, dado que la recolonización de la hormiga argentina es inevitable en hábitats 

naturales abiertos, la extirpación de agregaciones de nidos de invierno se propone 

principalmente para el control de su invasión en áreas cerradas o aisladas, donde se pueda 

controlar activamente su reintroducción. Además, se requiere investigación adicional a 

largo plazo sobre la eficacia y rentabilidad de este método de control. 
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CHAPTER 1 

 
 
 

GENERAL INTRODUCTION 

 

1.1 BIOLOGICAL INVASIONS 

Invasive alien species are animals, plants or other organisms introduced by man into places 

out of their natural range of distribution, where they become established and disperse, 

generating a negative impact on the local ecosystem and species. They represent the 

second most significant cause of species extinction worldwide after habitat destruction, and 

in islands, they are undisputedly the first. Their impacts are large, insidious, and usually 

irreversible. They are causing significant damage at ecological, economic and health 

levels. Indeed, they can compete with native species, act as pests or pathogens for 

cultivated or domesticated species, or even disseminate allergic or infectious agents (IUCN 

2011). 

The spread of invasive species is facilitated by the increasing trade, travel, and the 

transportation of goods, as these organisms may “hitchhike” on ships, containers, cars, 

soils, etc (IUCN 2011). Moreover, changes in land use due to habitat fragmentation and 

urban development, can facilitate the entrance and mobility of exotic species into new 

environments (Mooney & Cleland 2001), promoting in this manner the expansion of 

invasive species (Mooney & Hobbs 2000). The physical environment of an ecosystem and 

its history of anthropogenic disturbance and fragmentation influence as well its 

susceptibility of invasion (Holway et al. 2002a). 

Following dispersal to a new environment, invasive species can propagate towards zones 

increasingly less urbanized (Vega & Rust 2001; Holway & Suarez 2006). One reason for 
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their success is their flexible nesting habits, that allow them to occupy a wide range of 

nesting substrates, and to relocate nests in response to physical disturbance or to exploit 

favourable but ephemeral sites (Hölldobler & Wilson 1977; Passera 1994). 

Introduced populations of many invasive ant species have the tendency to be unicolonial, 

that is, to form expansive and polygynous, i.e. multiple queened, supercolonies that lack 

distinct behavioural boundaries among physically separated nests (Holway et al. 2002a). 

Another characteristic shared by invasive ants is omnivory. Like many above-ground 

foraging ants (Hölldobler & Wilson 1990), these species opportunistically scavenge dead 

animals, prey upon small vertebrates, and harvest carbohydrate-rich plant and insect 

exudates (Holway et al. 2002a). Compared to the native ants they displace, invasive ants 

commonly excel at behaviours correlated with exploitative ability: rapid discovery of food, 

fast and durable recruitment of large numbers of workers, and 24-hour activity (Holway et 

al. 2002a). 

 

Biological invasions have usually significant ecological and economical consequences. In 

the United States, for example, the economic losses associated to the effects of non-

indigenous species on agriculture, forestry and pest control reach an impressive amount of 

137 billion dollars annually (Pimentel et al. 2000). Ecologically, invasive species can 

benefit other species, for being a food source or for establishing commensal relationships, 

but generally they have negative effects on the ecosystems by altering system-level flows, 

availability or quality of nutrients, food and physical resources, e.g. living space, water, 

heat or light (Crooks 2002). 

 

A central goal of invasion biology is to predict where introduced species will occur 

(Menke et al. 2007), their occurrence being especially influenced by two broad categories 

of factors: the physical environment (Moyle & Light 1996; Blackburn & Duncan 2001; 

Gabriel et al. 2001), and species interactions (Simberloff & Von Holle 1999; Stachowicz et 

al. 1999; Torchin et al. 2003). If introduced species differ from native ones in their 

environmental tolerances, then the factors that control native diversity may not be the same 

as those that determine the invader abundance, and the relationship between diversity and 

invasibility may be weak irrespective of the scale. Such cases are highly important: 
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strongly competitive invasive species would be expected to cause large effects on the 

communities they invade (Menke et al. 2007). 

1.2 ANTS AS INVADERS 

Ants play a great diversity of roles in terrestrial ecosystems, acting as predators, 

scavengers, herbivores, detritivores and granivores (Hölldobler & Wilson 1990), and 

participate in many arrays of associations with plants and other insects (Hölldobler & 

Wilson 1990; Huxley & Cutler 1991; Beattie & Hughes 2002). They also act as important 

agents of soil turnover, nutrient redistribution and small-scale disturbance (Hölldobler & 

Wilson 1990).  

 

Invasive ants form a small and somewhat distinct subset of the at least 150 species of ants 

introduced into new environments by humans (McGlynn 1999). A majority of introduced 

ants remains confined to human-modified habitats and some of these species are often 

referred to as "tramp ants" because they rely on human-mediated dispersal, and are in close 

association with humans generally (Hölldobler & Wilson 1990; Passera 1994). 

 

Although largely dependent on humans to reach new environments, invasive ants also 

penetrate natural ecosystems where they often reduce native ant diversity and affect other 

organisms both directly and indirectly. Moreover, they compete and prey upon a diversity 

of other organisms, including some vertebrates, and may enter into or disrupt mutualistic 

interactions with numerous plants and other insects (Holway et al. 2002a). 

 

Given their broad and steadily increasing geographical range, high abundance, and 

potential to disrupt ecosystems, invasive ants are an important conservation concern. Once 

established, they are very difficult to control and eradicate, and therefore, getting a better 

understanding of the causes and consequences of ant invasions is crucial to reduce 

problems associated with these invaders and to prevent introduction of other species with 

similar characteristics (Holway et al. 2002a). 
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1.3 THE ARGENTINE ANT BIOLOGY 

The Argentine ant, Linepithema humile (Mayr, 1868), belongs to the subfamily 

Dolichoderinae and is native to the Paraná River drainage (Wild 2004). It survives best in 

partially disturbed habitats with mild winters and warm summers (10 to 40 °C), moist soils, 

and permanent sources of water (Ward 1987; Human et al. 1998; Holway et al. 2002a). 

 

It is a small ant, with monomorphic workers measuring between 2 and 3 mm, males 3 mm 

and fertile queens 5 mm long (Newell & Barber 1913); body and appendages are 

concolorous, most commonly from a medium reddish or yellowish brown but ranging in 

some populations from testaceous to dark brown (Wild 2004) (Figure 1.1).  

 

 

 

Figure 1.1. Photograph of an Argentine ant worker. Source: http://www.alexanderwild.com 

 

The annual biological cycle of the Argentine ant is influenced by seasonal variations in 

climate (Markin 1970a; Benois 1973). In southern France, the colonies of this species seem 

to have a physiological rest in winter, since the queen eggs-laying is minimal or null and 

the post-embryonic development takes longer compared to summer. With the rise of 

temperatures in spring, the period of peak egg-laying starts (from late March to May), and 

these eggs give rise to a massive quantity of males from June to July, and workers from 

July to October (Benois 1973). 
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In summer, the egg-laying diminishes drastically, probably due to the execution of 

approximately 90 % of the queens, which are eliminated by workers in May (Keller et al. 

1989), and to the fact that fertile queens do not reappear until July-August (Markin 1970a). 

Later in autumn (from September to October), a second period of egg-laying takes place, 

generating larvae that enter in a state of hibernation and remain so until February. These 

larvae restart their development in March and become nymphs in middle May (Benois 

1973). 

 

The fact that the first queen-larvae are observed during April indicates that these queens 

come from the eggs laid in the previous autumn. Virgin queens hatch fifteen days after the 

apparition of males and mating occurs within the nest until August (Benois 1973). After 

mating, the queens shed their wings, join the polygynous colony, and immediately begin to 

lay fertile eggs. The number of queens in the nest remains fairly constant until next spring, 

when a new cycle begins (Markin 1970a). 

1.4 THE INVASIVE POTENTIAL OF THE ARGENTINE ANT 

The Argentine ant has been introduced into different places worldwide in connection to 

commercial activities, especially in the Mediterranean and subtropical zones (Hölldobler & 

Wilson 1990). Its introduced range includes South Africa, Australia, Chile, South of North 

America, Mediterranean basin, Japan, Bermuda, Madeira and Hawaii (Passera 1994; 

Roura-Pascual et al. 2004) (Figure 1.2).  

 

In the Mediterranean region, the earliest known specimen of this species was collected on 

the Atlantic island of Madeira between 1847 and 1858 (Wetterer et al. 2006). In the 19th 

century, Madeira was a hub for commerce between Portugal and its colonies in South 

America, and collection records suggest that L. humile may have first spread through the 

greater Mediterranean region via Madeira and Portugal (Wetterer et al. 2006; Wetterer & 

Wetterer 2006). Some 50 years after, the Argentine ant presence was reported in Valencia, 

Spain (Font-de-Mora 1923). In the Iberian Peninsula, L. humile is currently present in 

some inland localities and the whole coastal band (Espadaler & Gómez 2003) (Figure 1.3). 
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Figure 1.2. Worldwide distribution of the Argentine ant. Yellow dots  represent native populations 
and red dots introduced populations. Source: Roura-Pascual et al. 2004. 

 

 

Figure 1.3. Distribution of the Argentine ant in the Iberian Peninsula. Red dots indicate places 
where the Argentine ant is present. Source: Espadaler & Gómez 2003. 
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Climatic suitability and the extent of habitats modifications by human are primarily 

responsible for the distribution of this global invader (Ipinza-Regla et al. 2010; Roura-

Pascual et al. 2011). Argentine ants are easily introduced into new areas because they often 

associate with humans, exhibit general nesting and dietary requirements, and maintain 

colonies with numerous queens (Newell & Barber 1913).  

 

Human-mediated introduction is the predominant spreading mode for this species (Suarez 

et al. 1998; Bolger et al. 2000; Suarez et al. 2001), and thus, its presence is common in 

urban and agricultural environments (Suarez et al. 2001). Once established, Argentine ant 

colonies disperse by budding, which is a common nesting behaviour amongst invasive ant 

species (Holway et al. 2002a). It seems likely that the probability of successful 

establishment increases steeply with propagule size (Hee et al. 2000; Holway et al. 2002a), 

and that large propagules may be able to better withstand stressful physical environments 

(Markin et al. 1973) and starvation (Kaspari & Vargo 1995). 

 

In addition, the Argentine ant constitutes a special case due to the capacity of dequeened 

propagules that contain eggs and larvae to produce both male and female sexuals and 

therefore to reproduce successfully by this mean. In fact, L. humile workers can rear eggs 

and early instar larvae into sexuals in the absence of queens (Passera et al. 1988; Vargo & 

Passera 1991). Moreover, the production of sexuals does not require overwintering since 

queens produce haploid eggs throughout the year, and mating occurs in the nest (Aron 

2001). 

 

Linepithema humile is listed as one of the world worst invasive species in the IUCN 

database (Lowe et al. 2000), due to its important effects on native ants, as well as on 

human activities. Concerning agricultural activities, the Argentine ants interfere with the 

biological control of phloem-feeding Hemiptera particularly in citrus groves and vineyards 

(e.g. Daane et al. 2007). Moreover, they damage drip tubes in irrigation systems causing 

flooding or water shortages that damage crops, and destroy beehives, among others (Vega 

& Rust 2001). 
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As an urban pest, the Argentine ant is found in and around residential properties, 

businesses, schools, health care facilities and food preparation establishments (Reierson et 

al. 2001) and represent a potential hazard, since pest ants are known to mechanically 

transport disease-causing pathogens (Soeprono & Rust 2004) such as the Staphylococcus 

and Candida bacteria (Fowler et al. 1993). On the other hand, in natural areas they displace 

ecologically important native ant species, causing devastating effects on entire ecosystems 

as the ecological function of the native inhabitants goes unfulfilled (Erickson 1971; Human 

& Gordon 1997; McGlynn 1999; Christian 2001; Sanders et al. 2001; Sanders et al. 2003). 

 

The Argentine ant appears to be unicolonial in every part of its introduced range where this 

behaviour has been studied (Passera 1994; Way et al. 1997; Krieger & Keller 2000; 

Tsutsui et al. 2000; Giraud et al. 2002). Unicoloniality together with the lack of 

intraspecific aggression in invaded places allows this species to have high worker 

densities. Introduced populations experienced a loss of genetic diversity during their 

introduction and establishment (Tsutsui et al. 2000, 2001), for which they do not appear to 

have sufficient genetic variation to elicit fighting between workers from different nests. 

Workers in the introduced range rarely encounter genetically different individuals, and as a 

result, intraspecific aggression seldom occurs (Holway et al. 2002a). Thus, worker 

densities of this species normally exceed the densities of native ant populations, allowing 

them to maintain greater foraging activity and to be highly effective at recruiting foragers, 

and monopolising food resources (Holway et al. 1998; Holway 1999). 

1.5 NEST LOCATION PREFERENCES OF THE ARGENTINE ANT 

As it happens with many invasive species, the successful establishment and spread of the 

Argentine ant depends on both its capacity of invasiveness, and the recipient environment 

(Roura-Pascual et al. 2010). Studying the invasion at global scale, Roura-Pascual et al. 

(2011) found that the climate and human modifications of habitats are the main drivers of 

invasion by the Argentine ant. Furthermore, the occurrence of the Argentine ant at regional 

scale is highly constrained by temperature and water availability (Krushelnycky et al. 

2005; Menke et al. 2007; Abril et al. 2009; Hartley et al. 2010; Roura-Pascual et al. 2011), 
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and at local scale, the establishment of the Argentine ant in climatically favourable areas is 

also favoured by anthropogenic factors (Holway & Suarez 2006; Menke & Holway 2006). 

 

Linepithema humile seems most likely to occur where rainfall lies between 500 and 1500 

mm per year, daily maximum temperature in the hottest month averages 19 to 30 °C, and 

where mean daily temperature at mid-winter is between 7 and 14 °C (Hartley et al. 2006). 

In addition, L. humile changes its nest preferences seasonally according to food 

availability, as well as microclimatic conditions of humidity and temperature in the nest 

location, looking for cool and wet sites during summer and warm and dry places in winter, 

and proximity to food sources as well (Heller & Gordon 2006; Heller et al. 2006).  

 

The distribution of the Argentine ant is constrained or enhanced in a given area, in relation 

to its physiological requirements for colony growth and survival (Jumbam et al. 2008). 

Different studies have found that L. humile needs a certain number of degree-days for the 

development of the brood. A degree-day is the heat experienced in 24 hours by an insect 

when the temperature is one degree above its lowest development threshold (Abril et al. 

2009), and has been used to predict the geographical distribution of L. humile (Abril et al. 

2009; Pitt et al. 2009; Hartley et al. 2010). Abril et al. (2009) estimated that 599.5 (± 58.5 

SE) degree-days above a developmental threshold of 18.4 (± 0.5 SE) °C were necessary, 

whereas Hartley & Lester (2003) estimated that 445 (± 19 SE) degree-days above 15.9 (± 

0.8 SE) °C were needed for a complete brood development.  

 

Furthermore, other factors such as vegetation type, topography (Roura-Pascual et al. 2004; 

Roura-Pascual et al. 2006), and soil type (Paiva et al. 1998) can also help predict the 

occurrence of the Argentine ant. However, most of the predictive models have been 

developed at global scale, but control efforts have to be done at local scale, making 

necessary to learn how to easily detect nests locations in order to shorten their detection 

time, to save time and efforts and make control measures more cost-effective. 

 

Given that some ant species have preferences for specific nesting rocks dimensions (e.g. 

surface and thickness) and types of rocks (Fernández-Escudero et al. 1993; Tinaut et al. 

1999), this study aimed to investigate if the Argentine ants exhibit rock selection for 
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nesting, and if the solar exposition (orientation) together with the topography could 

influence the occupation of nest locations. Another factor considered was if the availability 

of favourable places to nest could be a limiting factor in the Argentine ants nest 

distribution, and if they could be attracted to nest under artificial nests (bricks and pavers 

placed intentionally in the forest) instead of nesting under rocks. If that happened, the 

artificial nests could be acting as a “nest-trap” and could constitute a possible tool to 

control the invasion. 

1.6 SEASONAL DYNAMICS: COLONY WINTER AGGREGATION 

The eradication success of an invasive species, i.e. the reduction of its population to a non-

detectable level, decreases drastically as its distribution range increases (Myers et al. 

2000). Due to the long time that the Argentine ant has been present in the Mediterranean 

area, it is practically impossible to eliminate it, but it could be possible to reduce its 

invasive potential by eliminating large number of queens and their brood near the 

advancing front of invasion, thereby weakening its dispersion and limiting its 

establishment into new areas (Abril et al. 2008a). 

 

Therefore, it should be considered that the nesting behaviour of Argentine ants changes 

seasonally (Newell & Barber 1913; Markin 1970a; Benois 1973; Heller et al. 2006). First 

of all, we understand a colony as an aggregate of individuals residing in one or more nests 

that exhibit cooperative behaviour, and a nest as a structure made or a place chosen by a 

colony for habitation (Silverman & Brightwell 2008). 

 

The location, number, size, connectedness and spatial pattern of colonies differ in 

accordance to the time of the year (Heller & Gordon 2006). During winter, the spatial 

range of the colony is contracted, as the nests associated with each colony join into one or 

more large aggregations, called “composed colonies” (Newell & Barber 1913) or “winter 

colonies” (Benois 1973), and referred to in the present study as “winter nest aggregations” 

or “winter aggregations”.  

 



During the spring, aggregations are slowly abandoned an

many smaller nests (Heller 

are very active (Krushelnycky 

continuing to spread, by budding into ne

the ants move back to nest aggregation sites from the previous winter (Heller & Gordon 

2006; Heller et al. 2006) (Figure 1.4).

 
 

Figure 1.4. Schematic illustration of the seasonal cycle of a colony of Ar
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During the spring, aggregations are slowly abandoned and the ants disperse, budding into 

many smaller nests (Heller et al. 2006). In summer, population size increases and the ants 

are very active (Krushelnycky et al. 2004), moving nest sites frequently (Benois 1973) and 

continuing to spread, by budding into new areas. In the late fall, when temperature drops, 

the ants move back to nest aggregation sites from the previous winter (Heller & Gordon 

(Figure 1.4). 

Schematic illustration of the seasonal cycle of a colony of Argentine ants. 
their size being proportional to the nest size. Connecting lines indicate

Within each colony, nests are large and contracted in winter. In spring, ants begin to disperse and 
spread out into more numerous smaller nests. By summer the spatial extent of the colony has 
increased, with many, small dispersed nests. In fall, the ants begin to return to old winter nesting 
sites and the spatial extent of the colony contracts. Source: Heller et al. 2006. 

sites produce consequently changes in queen density

observed how the number of queens per litre of nest soil reaches its peak in winter, 

whereas its lowest number is found in summer (Abril et al. 2008a). The spring migration 

together with the massive killing of queens in May (Keller et al. 1989) produce a decrease 

n spring-summer, while in autumn it increases again thanks to the 

appearance of newly mated queens and the regrouping of nests (Benois 1973).
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Given that the greatest density of queens within nests occurs in winter, between December 

and March approximately (Abril et al. 2008a), this is the most adequate time to apply 

control methods in order to decrease the number of queens and winter-laid eggs, which 

generate queens in spring and summer (Benois 1973) and are essential for the foundation 

of new nests. This would reduce the invasiveness of the colony during its period of 

maximum spread. 

1.7 EFFECTS OF ARGENTINE ANTS INVASION ON NATIVE ANTS AND 

ARTHROPOD COMMUNITIES 

There is evidence of the growing capacity of the Argentine ant to invade natural habitats, 

where it displaces many native ant species and changes or reduces arthropods biodiversity 

(Cole et al. 1992; Human & Gordon 1996, 1997; Holway 1998a; Suarez et al. 1998; 

Bolger et al. 2000; Suarez et al. 2001; Walters 2006; Daane et al. 2007). The competitive 

displacement of native ants by invasive ants is the most dramatic and widely reported 

effect of ant invasions (Hölldobler & Wilson 1990; Williams 1994). The abundance of 

native ants can be reduced by over 90 % (Porter & Savignano 1990; Cammell et al. 1996; 

Human & Gordon 1997; Holway 1998a; Hoffmann et al. 1999), and may have the greatest 

effect on ecologically similar native ants (Holway et al. 2002a). However, some native ants 

persist. Hypogeic ants, for example, may remain in areas occupied by invasive ants (Ward 

1987) or persist longer than other taxa (Hoffmann et al. 1999).  

 

Due to their importance in many ecosystems (Hölldobler & Wilson 1990), the loss of 

native ants impact negatively the dispersal of seeds from native plants (especially large 

seeds) (Christian 2001; Gómez & Oliveras 2003; Gómez et al. 2003; Oliveras et al. 

2005b), to interfere in pollination dynamics (Lach 2003; Blancafort & Gómez 2005, 2006), 

and even to cause the decline of some vertebrates, such as birds (Roca 2005; Estany-

Tigerström et al. 2010), lizards (Fisher et al. 2002; Suarez & Case 2002) and mammals 

(Laakkonen et al. 2001). 

 

Studies of the ecological effects of L. humile on populations and communities of different 

organisms have been carried out in the USA, Southern Europe, South Africa, Pacific 
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Islands and Japan (Kenis et al. 2009). In Spain, studies focussing on the displacement of 

native ants were done in Doñana National Park, where it was found that the Argentine ant 

displaced native ants from baits (Carpintero & Reyes-López 2008) and cork trees 

(Carpintero et al. 2005). 

 

Along the Catalonian coast, Roura-Pascual et al. (2010) found that native ants were 

spatially segregated, and that L. humile invasion had the strongest impact on dominant 

species with similar niche characteristics. At functional group level, they found that 

Generalized Myrmicinae and Opportunists were the groups most affected by the invasion. 

However, this study was done with baits which present some limitations when 

characterizing the diversity and abundance of ant communities in comparison with other 

methods (e.g. pitfall traps), and, in addition, it was carried out only once in summer, which 

could mask native ant populations fluctuations and could lead to wrong conclusions at 

species level.  

 

Therefore, more thorough studies of the arthropods and native ant communities 

composition and their seasonal dynamics are necessary in order to elucidate the effects and 

consequences of the invasion of L. humile on the native fauna, e.g. on the diversity and 

distribution of the different functional groups. 

1.8 PREVENTION AND CONTROL OF ARGENTINE ANT INVASIONS 

Several strategies to control Argentine ants have been tested in agricultural and urban 

settings, but very few attempts have been made to control them in natural environments 

(Soeprono & Rust 2004). One strategy is the identification and elimination of ant resources 

or habitat modification (Reierson et al. 2001). Since the Argentine ant is prone to 

desiccation and requires carbohydrates and proteins to support colony growth and 

maintenance (Ward 1987; Abril et al. 2007), control can generally be accomplished by 

limiting access to water, food and nesting sites inside and around buildings (Reierson et al. 

2001; Soeprono & Rust 2004). 
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Another strategy is the use of chemical and mechanical barriers in agriculture to prevent 

access to vines and trees. Bands with sticky adhesives (Phillips et al. 1987; Hara & Hata 

1992) and barrier sprays (Klotz et al. 2002) have been recommended. Baiting is another 

approach to control ants, which attempts to utilize their natural foraging and social 

behaviour to reduce infestations and ultimately kill the colonies (Stringer et al. 1964). 

Various baits are available as liquids, discrete solid matrices, gels and granules and consist 

of an active ingredient and an attractant often in the form of a food resource such as sugars 

or proteins (Silverman & Brightwell 2008). Proteins are preferred during rapid colony 

development and are fed to the queens and larvae whereas liquid sugars are preferred most 

of the year and are fed to queens, males, larvae and consumed and shared among workers 

(Markin 1970b; Abril et al. 2007). 

 

The bait’s active ingredients must have delayed toxic effects to allow ants to share it 

thoroughly and uniformly throughout the colony via trophallaxis, killing thus workers, 

larvae and queens (Rust et al. 2004). Some of the ingredients commonly used on baits are 

boric acid (Klotz et al. 2000), hydramethylnon, sulfluramid (Forschler & Evans 1994), 

imidacloprid, thiamethoxam (Rust et al. 2004) and fipronil (Harris 2002; Vega & Rust 

2003) which proved to be effective at reducing the numbers of foragers. Although baits 

decrease the use of toxicants and subsequent environmental contamination compared with 

other methods, they should not be used in natural environments since they are “non-

selective” i.e. other ant species and small arthropods can have access to them and get 

poisoned. 

 

Because unicolonial-like structures are an important determinant of the high densities of 

some invasive ants, the dissolution of the supercolonies through increased intraspecific 

aggression could be a profitable option to slow down the invasion. A study on ant genetics 

and behaviour (Suarez et al. 1999) suggested that one possibility to increase the 

intracolonial aggression of the Argentine ant was by introducing males from genetically 

diverse populations, but to date nothing has been published corroborating this theory. 

 

It is clear that eradication of established populations over large areas is unfeasible, 

especially inside protected areas, which makes prevention an important issue. Identifying 
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new infestations of invasive ants as rapidly as possible might greatly increase opportunities 

for eradication (Holway et al. 2002a). Up to now, efforts to eradicate L. humile have had 

low success, which makes necessary new studies to develop other kinds of control 

approaches that have not been tested on Mediterranean populations. Those strategies could 

focus on slowing the rate of spread of this invasive species to limit its establishment inside 

yet non-invaded natural areas, and therefore, to decrease its negative impact on 

ecosystems. Given that the queens hold the reproductive power of the colony, their 

extermination could be a promising tool to control their spread in natural ecosystems.  

 

The manual removal of the queens could be a way to limit the free spread of existing 

colonies, as well as the foundation of new ones at local scale. To be as cost-effective as 

possible, this operation should be implemented at the advancing front of the invasion 

during winter, which has been found to be the period of peak queen density inside nests 

(Abril et al. 2008a). This study aimed to test whether the extirpation of winter nest 

aggregations could be an efficient method to stop or retract the invasion fronts, in order to 

control the expansion of the Argentine ant. 
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1.9 OBJECTIVES OF THE STUDY 

A detailed monitoring of the distribution and abundance of Argentine ant populations, 

richness and abundance of native ant communities and other arthropods was carried out 

between 2009 and 2011 in three Argentine ant fronts from Catalonia, Spain, within areas 

characterized by different degrees of invasion. The aim was to assess two different 

approaches to control the Argentine ant invasion, and to better understand the effects of the 

invasion on Mediterranean ecosystems.  

 

The study was driven by the following specific objectives: 

 

1. To test the efficacy of the extirpation of Argentine ants’ winter aggregations, 

through the study of their populations within areas with a different degree of 

invasion, and the assessment of native ants changes after the extirpation, at the 

community and functional group levels (e.g. diversity and distribution). 

 

2. To investigate the effects of the Argentine ant invasion on the abundance and 

richness of non-ant arthropods communities and their changes after the extirpation 

of L. humile winter nest aggregations. 

 

3. To assess the influence of abiotic (i.e. temperature and precipitation), biotic (i.e. 

interactions with native ants) and habitat perturbation factors on the spread of the 

Argentine ant, and to identify which native ant species cope better with the 

invasion. 

 

4. To evaluate the Argentine ant nest site selection strategy and the suitability of 

artificial nests as a control tool complementary to the extirpation method. 
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1.10 STRUCTURE OF THE THESIS 

The thesis is organised in seven chapters. Chapter 1 introduces the issue of biological 

invasions, describes the biology and dynamics of Argentine ant populations, gives details 

on the negative effects of L. humile invasions on diverse groups of animals, especially on 

native ants, describes the up-to-date control and prevention methods and presents the aims 

of the research. Chapter 2 describes in detail the study area and the three Argentine ant 

fronts investigated, and presents the general methodology followed. 

 

Chapters 3, 4, 5, and 6 are written in a scientific paper format (although more detailed), 

and include introduction, methods, results and discussions associated with each one of the 

aspects investigated at the three Argentine ant invasion fronts. Some repetition of 

background material between chapters is therefore unavoidable. Chapter 3 deals with the 

study of the efficacy and suitability of Argentine ants’ winter aggregations extirpation, and 

the beneficial effects of extirpation on native ant communities; Chapter 4 focuses on the 

study of changes in the abundance and richness of terrestrial and arboreal non-ant 

arthropods as a consequence of the Argentine ant invasion, and their changes after the 

extirpation of L. humile winter nest aggregations; Chapter 5 assesses the influence of 

abiotic, biotic, and habitat perturbation factors in the spread of the Argentine ant, and 

studies the responses of native ants to the invasion by this latter, and Chapter 6 evaluates 

the Argentine ant nest site selection strategy and the suitability of artificial nests used as 

traps as a control tool. 

 

Chapter 7 acts as a short overall discussion combining the findings of the different aspects 

investigated, underlining practical implications for the control of Argentine ant invasions 

and making suggestions for future research on this topic.  

 

Finally, the thesis ends with a section of conclusions, where the major findings are 

summarized.  
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Figure 2.1. Location of the three study sites 
Cristina d’Aro front, PB: Puntabrava front, PD: Pedralta front. 
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Three different Argentine ant invasion fronts were selected for study in the Mediterranean 

basin, in Catalonia, as shown in Figure 2.1.  

Location of the three study sites (invasion fronts) in Catalonia, Spain. 
Cristina d’Aro front, PB: Puntabrava front, PD: Pedralta front.  
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Two of them were located in the Gavarres Massif. One front (CA) was located in the 

Municipality of Santa Cristina d’Aro, around the golf camp “El Masnou” (41°49'24"N 

3°00'18"E) at 129 m above sea level (a.s.l) (Figure 2.2), and the other one (PD) was 

located in “Pedralta”, Municipality of Sant Feliu de Guíxols (41°47'31"N 2°58'52"E) at 

281 m a.s.l. (Figure 2.3). A third front (PB) was located in the Cadiretes Massif, alongside 

the Puntabrava housing development in the Municipality of Tossa de Mar (41°46'30"N 

2°59'54"E) at 299 m a.s.l. (Figure 2.4).  

 

 

 

Figure 2.2. Detail of Santa Cristina d’Aro front (CA), Gavarres Massif, Catalonia, Spain. 

The Gavarres Massif constitutes the north end of the Catalan coastal mountain range. It is 

shaped like a large arch that opens to the north between the regions of Baix Empordà and 

Gironès, and has an area of nearly 350 km2. Its highest points are the twin peaks of 

Gavarra and Arques 527 and 532 m high respectively. This massif was heavily populated 

in the past, but has been recovering since the mid-twentieth century when lots of farms 

where abandoned (Consorci de les Gavarres 2007). Since 1992, the Government of 

Catalonia granted this massif with the protected status of “area of natural interest”, since it 

is one of the best exemplifications of cork oak forests in Catalonia (Ajuntament de Girona 

2012). 



Materials and Methods 

21 

 

 

 

 

 

 

 

 

 

Figure 2.3. Detail of Pedralta front (PD), Gavarres Massif, Catalonia, Spain. 

 

 

 

 

 

 

 

Figure 2.4. Detail of Puntabrava front (PB), Cadiretes Massif, Catalonia, Spain. 
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On the other hand, the Cadiretes massif (also known as Serra de Sant Grau) is a 

mountainous formation of the northern coastal mountain range of Catalonia. It has a total 

area of 8552 ha, from which 1880 ha belong to the Baix Empordà, specifically the towns of 

Sant Feliu de Guíxols and Santa Cristina d'Aro. Its highest point is Puig Cadiretes, with an 

altitude of 518 m a.s.l. (Consell Comarcal del Baix Empordà 2011). This massif was 

declared area of natural interest in 2004 by the Government of Catalonia, and benefits from 

a protection status (Diputació de Girona 2011). 

2.1.2 HABITAT OF INTEREST: MEDITERRANEAN OPEN OAK FOREST 

The study sites were located in evergreen sclerophyllous secondary forests, dominated by 

cork oak (Quercus suber L.), holly oak (Quercus ilex L.) and pines (Pinus pinaster Aiton 

and Pinus pinea L.). There were slight differences between sites on the under canopy 

structure due to local perturbations at different times (e.g. fires, wood extraction), but these 

were mainly composed of strawberry trees (Arbutus unedo L.), heathers (Erica arborea L., 

E. scoparia L.), laurustinus (Viburnum tinus L.), prickly junipers (Juniperus oxycedrus L.), 

buckthorns (Rhamnus alaternus L.), gorse (Ulex parviflorus Pourr.), mastic trees (Pistacia 

lentiscus L.), rock roses (Cistus monspeliensis L., C. salviifolius L.) and rosemary 

(Rosmarinus officinalis L.). 

 

The topographic features and the situation of the Cadiretes massif determine the presence 

of a flora and fauna with a clear Atlantic affinity. Thus, there is an abundance of oaks, 

pines, various species of shrubs and riparian forests, laurel trees and typical Mediterranean 

reeds, although it is possible to find native species from Atlantic environments such as the 

sundew (Drosera rotundifolia L.) and some mosses (Sphagnum subnitens Russ. & 

Warnst.). 

 

The secondary cork oak forest is one of the Mediterranean environments with the greatest 

diversity of birds, including warblers, shrikes, myths, wood pigeons, jays, robins and blue 

tits, of reptiles such as the long-tailed lizard, the common lizard and the bastard snake, and 

a huge diversity of arthropods including spiders, beetles, butterflies, moths and ants 

(Consell Comarcal del Baix Empordà 2011). 
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2.1.3 CLIMATE IN THE STUDY AREA 

The study area lies geographically within a region with typical Mediterranean climate, 

characterized by the fact that the warmest period of the year matches with the driest one, 

and by having mild winters and erratic rainfalls concentrated in spring and especially in 

autumn. The average annual temperature is 15 °C and the annual rainfall fluctuates 

between 700 and 800 mm (Consorci de les Gavarres 2007). The meteorological station 

nearest to the study sites is located in Castell d’Aro, Baix Empordà, at 14 m asl. Distances 

between the meteorological station and the study sites are: 2.8 km to CA front, 4.8 km to 

PD front, and 4.9 km to PB front. Data of monthly temperature, humidity and precipitation 

for this station are available in the web site of the Servei Meteorològic de Catalunya from 

the Government of Catalonia (Generalitat de Catalunya 2011). 

 

Overall, 2009 was a warm and a dry year in Catalonia (377.7 mm of cumulative 

precipitation), with an air temperature above the climatic mean, constituting one of the 

warmest years in the past decades. In contrast, 2010 was one of the coldest years in the 

past two decades, with temperatures below the climatic mean (until -1 °C in the Costa 

Brava) and very rainy (928.9 mm of cumulative precipitation). Changes in the total 

monthly precipitation (mm) and mean monthly temperature (°C) between 2009 and 2010 

for the study area are shown in Figure 2.5.  

 

In 2010 an exceptional heavy snowfall event took place at the beginning of March 

(between 20 and 70 cm snow depth) (Generalitat de Catalunya 2011), causing severe 

damages to the forest (Consorci de les Gavarres 2007). In the study sites, many trees 

presented broken branches or had fallen from the root (Figure 2.6). 
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Figure 2.5. Total monthly precipitation (mm) and mean temperature (°C) for the study area during 
2009 and 2010. 

 

Figure 2.6. Damages caused by the snowfall event of 8 March, 2010 in the study area of Santa 
Cristina d’Aro. 
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2.2 SAMPLING PLOTS ESTABLISHMENT 

Bait sampling was carried out in each study site to identify the Argentine ant invasion edge 

(referred to as front). For this purpose, tuna and marmalade baits - placed on a piece of 

white paper (Figure 2.7), were positioned every four metres along 100 m long transects, 

randomly placed throughout the forest, until the Argentine ant was localized. After this, the 

invasion limit (edge) was identified by the last bait visited by Argentine ants. As many 

transects as necessary were placed to achieve the correct identification of the front, and the 

invaded and non-invaded areas from each study site. 

 

 

 

Figure 2.7. Detail of a tuna and marmalade bait with workers of Argentine ant foraging. 

 

Following the identification of the front path, at each one of the three study sites, six 12 m 

x 12 m, i.e. 144 m2 plots were delimited: two located in the non-invaded area (where only 

native ants were present) at 250 m on average from the invasion edge; two in the invasion 

front (also referred to as contact area, where both Argentine ants and native ants are in 

contact) at 20 m on average from the invasion edge; and two in the invaded area (with high 
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abundance of Argentine ants and low presence of native ants) at 250 m on average from 

the invasion edge. In total, there were 18 plots, which were named depending on their 

location area as: N (native), C (contact / front of invasion) and I (invaded), respectively. 

 

The pairs of plots from each area were set separated 50 m on average from each other. In 

one of them Argentine ant winter nest aggregations were extirpated (plots “ex”), while the 

other one was left untouched and considered as a control (plots “ct”).  

 

Thus, a total of five types of plots were assessed, and will be hereafter referred to as: Cct 

(front area without extirpation), Cex (front area with extirpation), Ict (invaded area without 

extirpation), Iex (invaded area with extirpation) and N (non-invaded or native ant area).  

 

An additional plot was set further in the control side of the invaded area at each study site, 

separated 450 m on average from the edge (called I2) and used only for analyses of nest 

selection (see Chapter 6). Figure 2.8 illustrates the overall experimental design used at 

each study site. 

 



Figure 2.8. Sampling design used at each one of the study sites.
Cct (front area without extirpation), Cex (front area with extirpation), Ict (invaded area without 
extirpation), Iex (invaded area with extirpation)
area). 

2.3 ANTS AND OTHER ARTHRO

At each sampling location, pitfall traps were placed 

ground-dwelling arthropods. Within eac

chosen, the first one at the centre of the plot and the four others seven meters from the 

centre, on the diagonals of the plot (Figure 2.9). 

Sampling design used at each one of the study sites. N1 and N2
Cct (front area without extirpation), Cex (front area with extirpation), Ict (invaded area without 

d area with extirpation), I2 (plot for nest selection

NTS AND OTHER ARTHROPODS SAMPLING IN PLOTS

At each sampling location, pitfall traps were placed in order to collect

dwelling arthropods. Within each 12 x 12 m plot, five sampling locations were 

chosen, the first one at the centre of the plot and the four others seven meters from the 

centre, on the diagonals of the plot (Figure 2.9).  
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1 and N2 (non-invaded area), 
Cct (front area without extirpation), Cex (front area with extirpation), Ict (invaded area without 

nest selection analysis in invaded 

IN PLOTS 

collect ants and others 

h 12 x 12 m plot, five sampling locations were 

chosen, the first one at the centre of the plot and the four others seven meters from the 
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Figure 2.9. Details of the sampling 

 

This grid-like trap arrangement provides an even coverage of the sampled area and is 

usually used to sample plots (Woodcock 2005). Although the distance between traps could 

influence the catch sizes of some arthropods 

distances effects on arthropod sampling found that the abundance and composition of 

arthropods groups were unaffected by trap spacing (ranging from 0.4 to 4 m (Snider & 

Snider 1986), and from 1 to 10 m (Ward

small distances (i.e. 1 m), 

(Ward et al. 2001). 

 

Pitfall traps consisted of urine 

buried at surface level and half filled with ethylene glycol diluted 50:50 with distilled 

water (Figure 2.10), to break the superficial tension of the liquid and help preserve the 

specimens until collection (Bestelmeyer

 

Pitfall traps work all day lo

allow the collection of subordinate species with different activity rhythms as a response to 

competition in resource exploitation with the dominant species (Cerdá 

 

 

Details of the sampling design within plots, showing the five pitfall traps (black

trap arrangement provides an even coverage of the sampled area and is 

usually used to sample plots (Woodcock 2005). Although the distance between traps could 

influence the catch sizes of some arthropods groups, previous studies evaluating pitfall 

distances effects on arthropod sampling found that the abundance and composition of 

arthropods groups were unaffected by trap spacing (ranging from 0.4 to 4 m (Snider & 

Snider 1986), and from 1 to 10 m (Ward et al. 2001)). However, if pitfalls are 

 the richness found of some Coleoptera families can be higher 

Pitfall traps consisted of urine sample containers with a diameter of seven centimetres, 

t surface level and half filled with ethylene glycol diluted 50:50 with distilled 

water (Figure 2.10), to break the superficial tension of the liquid and help preserve the 

specimens until collection (Bestelmeyer et al. 2000). 

day long, capture most epigeic species (Bestelmeyer 

allow the collection of subordinate species with different activity rhythms as a response to 

competition in resource exploitation with the dominant species (Cerdá et al.

pitfall traps (black dots). 

trap arrangement provides an even coverage of the sampled area and is 

usually used to sample plots (Woodcock 2005). Although the distance between traps could 

groups, previous studies evaluating pitfall 

distances effects on arthropod sampling found that the abundance and composition of 

arthropods groups were unaffected by trap spacing (ranging from 0.4 to 4 m (Snider & 

if pitfalls are separated by 

of some Coleoptera families can be higher 

with a diameter of seven centimetres, 

t surface level and half filled with ethylene glycol diluted 50:50 with distilled 

water (Figure 2.10), to break the superficial tension of the liquid and help preserve the 

eic species (Bestelmeyer et al. 2000), and 

allow the collection of subordinate species with different activity rhythms as a response to 

et al. 1997). 
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Pitfalls were put in place every two months from February to December 2009 in the plots, 

let opened during seven days (168 hours per trap), and the arthropods captured were 

collected for later identification in the laboratory.  

 

 

Figure 2.10. Details of a pitfall trap buried at ground level (on the left), and the plastic pot used (on 
the right). 

 

Additionally, vegetation beating (including grasses, bushes and canopy up to 3 m high), 

was carried out every two months after the collection of pitfall traps to sample arboreal 

ants, and in June 2009 to sample arboreal arthropods. This sampling was conducted around 

each pitfall trap within a radius of 2 m, using a modified plastic tray with a hole in the 

centre where a plastic bottle was screwed. This tray was held like a funnel on a folding 

frame and positioned below the vegetation which was vividly beaten with a wooden stick 

to dislodge arthropods. Falling arthropods slid towards the centre of the tray and inside the 

plastic bottle. After ten beats, the bottle was unscrewed from the plastic tray, filled with 

alcohol at 70 % to preserve the sample, labelled and closed with a matching tap. 

 

This technique is effective at obtaining records of most arboreal species, including many 

Coleoptera, Lepidoptera and Arachnid species. It can be undertaken at any site where trees 
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or bushes are present although it is relatively ineffective if the vegetation is wet or if the 

weather is windy (Basset et al. 1997; Sunderland et al. 2007).  

2.4 NEST AGGREGATION MAPPING 

Argentine ant nest aggregation mapping was done before extirpation in December 2008, to 

ensure the detection and localization of as many existing nests as possible. For this 

purpose, the areas to be searched were delimited by a rope connecting the four corners of 

each plot, which were set at each of the pitfall location (excluding the central pitfall), 

having a resulting plot of 12 x 12 m (144 m2). After that, Argentine ant nests were 

searched under rocks, pieces of debris, logs and around trees. All individual nests found 

were marked with fluorescent spray paint and mapped on a grid subdivided into 1 x 1 m 

squares. 

2.5 EXTIRPATION OF WINTER NEST AGGREGATIONS 

After mapping all plots from each area (contact and invaded), all the Argentine ant winter 

nests found were extirpated using garden shovels to extract all the nest material, which was 

then stored in plastic boxes smeared with polytetrafluoroethylene on top to prevent ants 

from escaping (Figure 2.11).  

 

Nests were extirpated until no nest chamber was found, but those located in tree bases were 

impossible to extirpate completely, due to the roots and big rocks between them hindering 

the extraction of nest material. Nest material was taken back to the laboratory and frozen 

for one week at -20 °C to kill workers, queens and their brood. After that period of time, all 

the material was returned to the forest. The remaining plot of each area was left untouched 

in order to use it as control plot. 

 
The extirpation was carried out in January 2009. All nests aggregations were surveyed 

every two months during 2009, to track seasonal changes, i.e. persistence, re-colonization 

or abandonment, with the purpose of evaluating the success of the extirpation. 
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Figure 2.11. Plastic box used to store the extracted nest material, smeared with 
polytetrafluoroethylene on top to prevent ants from escaping. 

 

2.6 TRANSECTS ESTABLISHMENT 

After identifying the front path in each study site, a pair of permanent transects that crossed 

perpendicularly the L. humile front from non-invaded to invaded areas were set, with a 

minimum distance of 50 m between each other. The beginning of the transects were set out 

in the edge of the invasion, inside the plots that had been delimited before on each study 

site front, having one of them starting at the control plot (Cct) and the other one starting at 

the extirpated plot (Cex). The length of the permanent transects varied between sites, 

depending on their extent and topographic constraints, as well as on the expansion-

retraction of Argentine ant populations. In case the Argentine ant occupied the whole 

transect, extra baits were added in the next sampling along the invading direction until no 

Argentine ant was recorded.  
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2.7 BAIT SAMPLING IN TRANSECTS 

At transect level, bait sampling was carried out every two months to measure the extent (at 

the meter scale) of the Argentine ant invasion and to observe interactions between local 

and Argentine ants. Baits consisted of a teaspoon of tuna and peach marmalade mixture, 

representing a source of lipids, proteins, and carbohydrates (Holway 1998b). Baits were 

placed on a piece of white recycled paper, and positioned every four meters on the transect, 

following the methodology used by Holway (1998b). After two hours, the ants on the baits 

were identified and counted, and any kind of interaction happening between different ant 

species was registered. 

 

Voucher specimens of unrecognized ant species were collected from around the bait with 

featherweight forceps and preserved in labelled vials with alcohol for later identification in 

the laboratory. All transects were sampled during the same week every two months, from 

January 2009 to November 2010. 
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CHAPTER 3 

 
 
 

POPULATION DYNAMICS OF Linepithema humile 

AFTER THE EXTIRPATION OF WINTER NEST 

AGGREGATIONS AND EFFECTS ON NATIVE ANTS 

 

ABSTRACT 

The Argentine ant, a world-wide invasive species, aggregates in winter into large nests on 

the same locations year after year, which makes it easily detectable, and therefore, 

potentially controllable. By extirpating winter nest aggregations, the density of emerging 

queens at springtime could be decreased, and consequently, the invasion rate reduced. This 

work assessed the effects of the extirpation of L. humile winter aggregations on the 

abundance and composition of native ant communities and their functional groups in three 

secondary cork oak forests of Catalonia. Ants were sampled in plots located in different 

areas, categorized in accordance with their level of invasion (non-invaded, front of 

invasion and invaded areas) with pitfall traps, vegetation beating, and manual surveys. L. 

humile was the dominant species in both the front of invasion and invaded areas, whereas 

Pheidole pallidula was the dominant species in non-invaded areas. Overall results indicate 

that the extirpation of winter aggregations lowered the abundance and disturbed the 

population dynamics of L. humile, which allowed a partial recovery of the native ants in 

these areas. However, this control method is not sufficient when used in opened natural 

habitats, given that the re-colonization by the Argentine ant is inevitable, and hence it is 

proposed to control its invasion in closed or isolated areas, where the re-entrance of this 

species can be actively withheld. 
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3.1 INTRODUCTION 

The Argentine ant, Linepithema humile (Mayr), is a world-wide invasive species, native 

from South America (Wild 2004). It has been included in the IUCN database (Lowe et al. 

2000) due to its negative effects on native ants, as well as on economical activities. In the 

Mediterranean basin, the Argentine ant displaces autochthon ants (Carpintero et al. 2005; 

Carpintero & Reyes-López 2008), and reduces their abundance and diversity affecting 

especially dominant species, and those with similar niche characteristics (Roura-Pascual et 

al. 2010). At community level, for example, Sanders et al. (2003) found that the presence 

of L. humile in the Jasper Ridge Biological Preserve in Northern California, led to a 

reorganization of co-occurrence patterns of native species, and a shift from species 

segregation in intact communities to species aggregation in invaded communities.  

 

The composition of the recipient ant community, however, is likely to determine the level 

of resistance encountered by the invading species (Walters & Mackay 2005). Some studies 

have found that many native epigeic (above-ground foraging) ant species in California fail 

to persist with L. humile when this latter invades (Tschinkel 1987; Ward 1987; Human & 

Gordon 1997; Suarez et al. 1998), while other species are apparently able to coexist with it.  

Prenolepis imparis (Say), represents one case of coexistence, probably due to differences 

in seasonal peaks of activity, since it is generally active in the cooler and wetter months, 

when interactions with the Argentine ant are less likely (Ward 1987; Suarez et al. 1998), 

and additionally has a potent defensive secretion (Sorrels et al. 2011).  

 

Other species such as Cardiocondyla batesii Forel, Oxyopomyrmex saulcyi Emery, and 

Cataglyphis floricola Tinaut were found as well in the presence of the Argentine ant in 

human dwellings from the Doñana National Park in Spain. These species are characterised 

by small nests and submissive behaviour, and may survive by avoiding conflict with L. 

humile. Moreover, it is probably C. floricola has little direct interaction with the Argentine 

ant, since the former is active during the hottest part of the day when all the other species 

are inactive (Carpintero et al. 2003). 

 

Another species capable of coexisting with the Argentine ant in Mediterranean forests is 

Plagiolepis pygmaea (Latreille). Indeed, this species has been shown to avoid 
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confrontations with L. humile, or to show an extremely submissive behaviour when 

confronted by it (Abril & Gómez 2009). In addition, Cardiocondyla mauritanica Forel was 

found coexisting with this invasive species in a highly invaded garden from a residential 

area in the south of Spain (Reyes & Luque 2001). 

 

In South Australia, it was suggested that Iridomyrmex sp. could be slowing down the 

spread of L. humile (Walters & Mackay 2005). Other studies conducted in California found 

that some species such as Messor andrei (Mayr) and Camponotus semitestaceus Snelling, 

were able to displace Argentine ants from baits (Human & Gordon 1996), and other 

species such as Monomorium ergatogyna (Wheeler) were able to persist on the baits 

despite their presence (Holway 1999). Moreover, Way et al. (1997) found that the native 

species Tapinoma nigerrimum (Nylander) and T. hispanicum Emery offered resistance and 

limited the invasion of the Argentine ant in Portugal, and Blight et al. (2010) found the 

same behaviour for T. nigerrimum in Corsica.  

 

In its native range, the abundance and impact of the Argentine ant may be constrained by 

the presence of highly dominant native ant species from the same subfamily 

(Dolichoderinae) (Wild 2004), and at global scale, sites with more native genera from the 

tribe Leptomyrmecini tend to have a lower probability of invasion by L. humile (Roura-

Pascual et al. 2011). Therefore, the spread of the Argentine ant is not only limited by 

various abiotic conditions, e.g. temperature and precipitation, but also by competitive 

interactions with the native ant fauna. 

 

To facilitate the study of their community structure, ants have been classified into 

functional groups, according primarily to their systematics and ecological behaviour. A 

functional group classification was first proposed for Australian ants (Andersen 1995), and 

then adapted for global comparisons (Andersen 2000). The latter emphasizes on 

community dynamics and divides the ant community into seven functional groups: 

Dominant Dolichoderinae (DD), Subordinate Camponotini (SC), Climate specialists 

(including cold (CCS) and hot (HCS) climate specialists), Cryptic species (C), 

Opportunists (O), Generalized Myrmicinae (GM) and Specialist predators (SP). From the 

global perspective (Andersen 2000), the description of each group is as follows: 
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Dominant Dolichoderinae (DD) are abundant, highly active and aggressive species that 

exert a major competitive influence on other ants. They are particularly abundant in hot 

and open environments. Some of the genera of this group are Iridomyrmex (in Australia), 

Forelius, Linepithema, Liometopum (in open habitats of the New World), Azteca and 

Dolichoderus (in rainforest canopies). 

 

Subordinate Camponotini (SC) are behaviourally submissive to dominant 

Dolichoderinae, can be segregated due to their large body size and are habitually nocturnal 

foragers. They are often diverse and abundant in species-rich ant communities. 

 

Climate specialists (CS) have distributions heavily centred on either arid zones (hot 

climate specialists) or cool temperate regions (cold climate specialists). Cold climate 

specialists are characteristic of habitats where the abundance of DD is low, and they are 

often unspecialized ants. Hot climate specialists on the other hand, are characteristic of 

sites where DD are most abundant, and they possess physiological, morphological and 

behavioural specializations related to their foraging ecology that reduce their interactions 

with other ants (e.g. Cataglyphis genus). 

 

Cryptic species (C) include small to minute species, predominantly myrmicines and 

ponerines, that nest and forage primarily within the soil, litter and rotting logs, and 

therefore probably interact little with other ants. 

 

Generalized Myrmicinae (GM) are among the most abundant ants and often in 

competition with DD. They have generalized habits in relation to nesting and dietary 

requirements, but are extremely good at competing for food resources. Species from the 

genera Pheidole, Crematogaster and Monomorium are ubiquitous members throughout the 

warmer regions of the world. 

 

Opportunists (O) are unspecialized ants, poorly competitive, and their distribution appear 

strongly influenced by competition from other ants. They have wide habitat distributions, 

but predominate where stress or disturbances severely limit ant productivity and diversity, 

and therefore behavioural dominance is low. 
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Specialist predators (SP) are medium-size to large species that are specialist predators of 

other arthropods. They include solitary foragers as well as group raiders. Except for direct 

predation, they tend to interact little with other ants owing to their specialized diets and 

low population densities. 

 

However, this global classification does not include parasitic ants, such as Polyergus 

rufescens (Latreille), the so-called European Amazon ant that can be found in the present 

study area. Slavery or dulosis is a form of social parasitism occurring in eleven genera of 

the subfamilies Myrmicinae and Formicinae (Hölldobler & Wilson 1990). These slave-

making species regularly conduct raids against neighbouring colonies of their host or slave 

species. Typically, a swarm of raiders penetrates a target nest, repels or attacks the 

residents, and pillages all or part of the brood. In the dulotic nest, a portion of it is reared, 

and the slaves which eclose form a social attachment to the slave-makers, accepting them 

as nest mates (Mori et al. 2000). 

 

P. rufescens exploits the labour of Serviformica workers, belonging to the Formica fusca 

group L. As it normally happens with obligatory slave-makers, P. rufescens queens are 

unable to found new colonies independently, because they are incapable of rearing even 

their first brood, and thus must rely on a form of dependent colony foundation. Before 

laying eggs, a newly-mated female must locate and invade a colony from the host species 

and usurp the role of the reproductives (Mori et al. 2000). Therefore, due to its different 

behaviour, this species has been classified into a different functional group denominated 

Social Parasites (P). 

 

The effects of the Argentine ant on functional groups were assessed in ant communities 

from Southern California and the southeast of the United States where L. humile was 

introduced (Ward 1987), finding that this species became behaviourally dominant in those 

communities (Andersen 1997). Moreover, in invaded areas of Catalonia, the Argentine ant 

affected mostly the Generalized Myrmicinae and Opportunists groups (Roura-Pascual et 

al. 2010). 
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A fundamental key to find a successful method of control of an invasive species is to look 

at its biology. The Argentine ant, subject of this study, is unicolonial; populations are 

highly polygynous (multiple queens per nest) and polydomous (multiple nests per colony) 

and intraspecific aggression is infrequent (Hölldobler & Wilson 1977). 

 

Nests are locally abundant, spatially aggregated, interconnected by trails (Heller 2004) and 

show a distinct seasonal fission-fusion cycle (Heller & Gordon 2006). During winter, the 

spatial range of the colony is contracted, as the nests associated with each colony gather 

into one or more large aggregations. During the spring, aggregations are slowly abandoned 

and the ants disperse, budding into many smaller nests (Heller et al. 2006). In summer, 

population size increases and the ants are very active (Krushelnycky et al. 2004) moving 

nest sites frequently (Benois 1973) and continuing to spread by budding into new areas. In 

the late fall, as temperatures drop, the ants move back to nest aggregation sites from the 

previous winter (Heller et al. 2006). 

 

Large colony sizes play an important role in invasion success (McGlynn 1999). Firstly, 

because ants may forage more extensively increasing the likelihood of locating resources 

(Chapman & Bourke 2001). Secondly, if another species arrives first at a resource, the 

invasive colony may competitively overcome and exclude the native species through 

recruitment of large numbers of workers (Holway 1999). Thirdly, colonies with higher 

numbers of workers may display increased colony growth (Aron et al. 2001), presumably 

as a result of increased acquisition of resources. Finally, large population sizes may be 

important for territory defence within ant communities (Davidson 1998), as larger colonies 

are often able to overcome smaller ones during aggressive encounters despite the size of 

individual ant workers (Sakata & Katayama 2001). 

 

Since the size of the colony can be a decisive factor in the invasion success of the 

Argentine ant, and having in mind that this species reaches a very high density of 

individuals per nest in winter, the removal of Argentine ant winter aggregations could 

represent a successful method to control their invasion, and at the same time could help the 

recovery of native ant communities. Therefore, this study intended to assess the efficacy of 
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the extirpation of L. humile winter nest aggregations and its effects on native ant 

communities and their functional groups. 

3.2 METHODS 

3.2.1 STUDY SITES 

Argentine ant’s invasion fronts were assessed in three evergreen sclerophyllous secondary 

forests from the northeast of the Iberian Peninsula. Two of them were located in the 

Gavarres Massif (one in the Municipality of Santa Cristina d’Aro, around the Golf camp El 

Masnou (41°49'24"N 3°00'18"E), and the other in Pedralta, Municipality of San Feliu de 

Guíxols (41°47'31"N 2°58'52"E)), and the third one was located in the Cadiretes Massif, 

alongside the housing development Puntabrava in the Municipality of Tossa de Mar 

(41°46'30"N 2°59'54"E).  

 

The climate is Mediterranean subhumid, with 700 to 800 mm of annual rainfall. All 

locations have similar forest structure, dominated by Quercus suber L., Quercus ilex L., 

Pinus pinea L. and Pinus pinaster Aiton. Data of monthly temperature and precipitation of 

the study area (meteorological station of Castell d’Aro), are available at the web site of the 

Servei Meteorològic de Catalunya (Generalitat de Catalunya 2011). 

 

Six 12 x 12 m plots were placed along three different areas of each invaded forest, 

categorized in accordance with their level of Argentine ant abundance: non-invaded 

(without L. humile, and separated 250 m on average from the invaded area), edge/front of 

invasion (with low abundance of Argentine ant and most of the native ants interacting with 

it, at 20 m on average from the localized edge of the invasion), and invaded areas (with 

low presence of native ants and high abundance of L. humile, at 250 m on average from the 

invasion edge) (see Figure 2.8).  

 

In each area, a pair of plots were set (separated 50 m on average from each other), and in 

one of them Argentine ant’s winter nest aggregations were extirpated (plots “ex”), while 

the other one was left untouched and considered as a control (plots “ct”). Thus, a total of 
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five types of plots were assessed: Cct (edge area without extirpation), Cex (edge area with 

extirpation), Ict (invaded area without extirpation), Iex (invaded area with extirpation) and 

N (non-invaded area). 

3.2.2. EXTIRPATION OF L. humile WINTER NEST AGGREGATIONS  

Before extirpation, all Argentine ant nest aggregations in the plots from the front of 

invasion and invaded area were mapped, to ensure the detection and localization of as 

many existing nests as possible. Argentine ant nests were searched under rocks, pieces of 

debris, logs and around trees. All individual nests found were marked with fluorescent 

spray paint and mapped on a grid subdivided into 1 x 1 m squares. After their mapping, all 

the L. humile winter nests were extirpated in January 2009, using garden shovels to extract 

all the nest material, which was then stored in plastic boxes smeared with 

polytetrafluoroethylene on top to prevent ants from escaping. Nest material was taken back 

to the laboratory and frozen for one week at -20 °C to kill workers, queens and their brood. 

Nests were extirpated until no nest chamber was found, but the ones located in tree bases 

were impossible to extirpate completely, due to the roots and big rocks between them 

hindering the extraction of nest material. 

3.2.3 ANT SAMPLING 

Within each plot, five sampling locations were chosen: the first one at the centre of the plot 

and the four others seven meters away from the centre, on the diagonals of the plot, where 

pitfall traps were placed and vegetation beating was done (around each pitfall trap within a 

radius of 2 m and after pitfall traps were collected), in order to sample terrestrial and 

arboreal ants, every two months between February and December 2009. 

 

An additional 15-minute manual search was conducted at every sampling location within a 

2 m radius in June 2010. Voucher specimens were collected when it was not possible to 

identify the species in the field. The presence of ant species was recorded for every 

sampling location. The purpose of this manual sampling was to record the number of 

species inhabiting the study area (Bestelmeyer et al. 2000), complementing the information 
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collected with the other sampling techniques used, but these data were not included in the 

statistical analyses since they offer only presence-absence information. 

3.2.4 DATA ANALYSIS 

Abundance, richness and diversity (H’ Shannon index) of ants, and the abundance of 

functional groups were calculated for each plot and compared with generalized linear 

mixed models (GLMM) which are adequate to analyse non-normal data when random 

effects are present (Bolker et al. 2008). Comparisons between treatments (extirpated vs. 

non-extirpated) and areas (invaded “I”, front of invasion “C”, and non-invaded “N”) were 

made using Poisson error distribution and log link function for comparisons of abundance 

and richness (as they were counts) and Gaussian error distribution with identity link for 

comparisons of diversity indices. Treatment and areas were included as fixed factors and 

site (fronts) was included as a random factor, and the significance level considered was 

0.05.  

 

Additionally, the Berger-Parker index (d) was calculated and compared between the types 

of plots. This index is a measure of dominance that expresses the proportional abundance 

of the most abundant species: d = Nmax / N, where Nmax is the number of individuals in the 

most abundant species (Magurran 2004). Statistical analyses were performed with R 

version 2.14.2 (R Development Core Team 2011) and SPSS version 15.0. Biodiversity 

indices were calculated with BioDiversity professional Version 2.0 (McAleece 1997).  

3.3 RESULTS 

3.3.1 NATIVE ANT COMMUNITY COMPOSITION 

We found twenty-six species of ants, belonging to 13 genera and three subfamilies. Only 

two species, Lasius cinereus Seifert and Polyergus rufescens (Latreille) were found 

exclusively in the Native area. Myrmecina graminicola (Latreille) and Myrmica specioides 

Bondroit were found just once inside invaded areas. Camponotus lateralis (Olivier), 

Camponotus truncatus (Spinola), Plagiolepis pygmaea (Latreille) and Temnothorax 

racovitzai (Bondroit) were found in all plots, and Camponotus pilicornis (Roger), 
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Crematogaster scutellaris (Olivier), Formica gerardi Bondroit and Pheidole pallidula 

(Nylander) were absent only in invaded plots without extirpation. The occurrence of the 

species in all different types of plots can be appreciated in Table 3.1. 

 

 

Table 3.1. List of all species collected and their presence in the different types of plots: N 
(non-invaded area), Cct (edge area without extirpation), Cex (edge area with extirpation), 
Ict (invaded area without extirpation) and Iex (invaded area with extirpation). “x” indicates 
the species presence, and * the plots where the species was found only by manual survey. 
 
 

Subfamily Species 
Type of plot 

N Cct Cex Ict Iex 

Myrmicinae Aphaenogaster subterranea  (Latreille, 1798) 
x    x 

 Crematogaster scutellaris  (Olivier, 1792) x x x  x 
 Crematogaster sordidula  (Nylander, 1849) x  x   
 Myrmecina graminicola  (Latreille, 1802)   x   
 Myrmica specioides  Bondroit, 1918    x  
 Pheidole pallidula  (Nylander, 1849) x x x  x 
 Solenopsis sp. x x x x x 
 Temnothorax lichtensteini  (Bondroit, 1918)  x  x  
 Temnothorax niger  Forel, 1894     x 
 Temnothorax rabaudi  (Bondroit, 1918)   x x x 
 Temnothorax racovitzai  (Bondroit, 1918) x x x x x 
 Temnothorax sp. 2   x  x 
 Temnothorax sp. 3      x*  

Formicinae Camponotus aethiops  (Latreille, 1798)  x x   
 Camponotus cruentatus  (Latreille, 1802)  x x x   
 Camponotus lateralis  (Olivier, 1792) x x x x x 
 Camponotus piceus  (Leach, 1825)  x x x x 
 Camponotus pilicornis  (Roger, 1859) x x x  x 
 Camponotus truncatus  (Spinola, 1808) x x x x x 
 Formica gerardi  Bondroit, 1917 x x x  x 
 Formica subrufa  Roger, 1859 x x    
 Lasius cinereus  Seifert, 1992 x     
 Lasius myops  Forel, 1894 x   x*    
 Plagiolepis pygmaea  (Latreille, 1798) x x x x x 
 Polyergus rufescens  (Latreille, 1798) x     

Dolichoderinae Linepithema humile  (Mayr, 1868)  x x x x 

Overall number of ant species 16 16 17 11 15 
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The most abundant species in the invaded area was L. humile followed by P. pygmaea. For 

the front of invasion, these two species were the most abundant as well, followed by C. 

lateralis. For the non-invaded area the species most abundant was P. pallidula, followed 

by C. cruentatus, Formica subrufa Roger and P. pygmaea respectively.  

 

Although C. cruentatus was very abundant in the non-invaded area, it was not present in 

the invaded area and was found just once (through manual sampling) in the extirpated plots 

from the front of invasion. Overall, the abundance of native ants was inversely 

proportional to the abundance of L. humile (R2 = 78.43, p < 0.0001). 

3.3.2 EFFECTS OF L. humile INVASION ON ANT FUNCTIONAL GROUPS 

Differences in the abundance of native ant species categorized into the functional groups 

they belong to are shown in Table 3.2. An important alteration in the abundance of 

functional groups was found when the Argentine ant was present, linked to the level of 

invasion of a given community.  

 

When considering the proportions of the different functional groups (Figure 3.1) in the 

non-invaded area Generalized Myrmicinae is the dominant group, the Opportunists and 

Subordinate Camponotini are well represented, and Cold Climate Specialists and Social 

Parasites are the least represented. 

 

Then, when the Argentine ant appears (edge of invasion), it dominates the community 

affecting strongly the Generalized Myrmicinae and Opportunists groups and by contrast, 

improves the presence of the Cold Climate Specialists. At high levels of invasion (invaded 

area), the community shows a radical change in the composition of functional groups with 

the disappearance of the Generalized Myrmicinae and almost all Opportunists, an 

important drop in the Subordinate Camponotini (7 %), and a steep increase in the Cryptics 

(of 11 % from the edge of the invasion to the invaded area). 
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Table 3.2. Mean abundances ± SE of ant species caught in pitfall traps (during 2009) 
categorized by functional groups and compared between the types of plots: N (non-invaded 
area), Cct (edge area without extirpation), Cex (edge area with extirpation), Ict (invaded 
area without extirpation) and Iex (invaded area with extirpation). 
 
 

Species by functional groups N Cct Cex Ict Iex 

Dominant Dolichoderinae      

Linepithema humile - 85.7 ± 70.7 54.0 ± 34.0 140.3 ± 38.7 82.3 ± 10.9 

Generalized Myrmicinae      

Crematogaster scutellaris   13.8 ± 10.6 2.7 ± 2.7 0.3 ± 0.3 - 4.0 ± 4.0 

Crematogaster sordidula   2.7 ± 2.7 - 9.3 ± 9.3 - - 
Pheidole pallidula   146 ± 28.5 2.3 ± 1.5 2.7 ± 2.2 - 0.3 ± 0.3 

Cold climate specialist      

Lasius cinereus  0.7 ± 0.3 - - - - 

Lasius myops  0.7 ± 0.5 - - - - 

Myrmecina graminicola   - - 0.3 ± 0.3 - - 

Temnothorax lichtensteini - 0.3 ± 0.3 - 1.0 ± 1.0 - 

Temnothorax niger 0.5 ± 0.3 - - - 0.3 ± 0.3 

Temnothorax rabaudi   - - 0.3 ± 0.3 1.0 ± 0.6 2.0 ± 2.0 

Temnothorax racovitzai   1.7 ± 0.7 4.7 ± 3.3 4.0 ± 2.3 2.0 ± 1.5 4.0 ± 1.7 

Temnothorax sp. 2 - - 0.3 ± 0.3 - 0.7 ± 0.3 
Temnothorax sp. 3 - - - 0.3 ± 2.4 - 

Cryptic      

Plagiolepis pygmaea   19.7 ± 7.8 4.0 ± 3.5 14.7 ± 5.9 22.7 ± 4.4 13.0 ± 1.0 
Solenopsis sp. 0.3 ± 0.2 0.3 ± 0.3 2.3 ± 1.5 3.3 ± 2.4 2.3 ± 0.9 

Subordinate Camponotini      

Camponotus aethiops   - 0.3 ± 0.3 0.7 ± 0.3 - - 

Camponotus cruentatus   32.7 ± 9.6 0.3 ± 0.3 - - - 

Camponotus lateralis   1.2 ± 0.8 6.6 ± 4.1 6.3 ± 5.4 2.3 ± 2.3 5.0 ± 5.0 

Camponotus piceus   - 0.3 ± 0.3 - 0.7 ± 0.7 0.3 ± 0.3 

Camponotus pilicornis   3.5 ± 0.7 0.7 ± 0.7 2.0 ± 1.2 - 0.3 ± 0.3 
Camponotus truncatus   0.7 ± 0.2 1.7 ± 1.2 3.7 ± 2.7 1.0 ± 1.0 1.7 ± 1.2 

Opportunist      

Aphaenogaster subterranea   0.8 ± 0.7 - - - 1.0 ± 1.0 

Formica gerardi   5.5 ± 1.3 0.7 ± 0.7 0.7 ± 0.3 - 0.3 ± 0.3 

Formica subrufa   25.3 ± 5.5 0.7 ± 0.7 - - - 

Myrmica specioides   - - - 0.3 ± 0.3 - 

Social Parasite      

Polyergus rufescens   0.3 ± 0.3 - - - - 
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Figure 3.1. Functional groups representation (%) according to the degree of L. humile invasion. 
DD: Dominant Dolichoderinae, SC: Subordinate Camponotini, CCS: Cold climate specialists, C: 
Cryptic species, O: Opportunists, GM: Generalized Myrmicinae and SP: Specialist predators. 

 

In the control plots, significant differences were found between areas in the abundance of 

Generalized Myrmicinae between C vs. N areas (GLMM: t = - 3.29, p = 0.02), of 

Opportunists between C vs. N areas (GLMM: t = -2.98, p = 0.02), and of Subordinate 

Camponotini between C vs. N areas (GLMM: t = - 2.63, p = 0.04) and I vs. N areas 

(GLMM: t = - 2.92, p = 0.02). 

 

Changes in functional groups were also assessed after the extirpation of L. humile winter 

aggregations, in order to know if extirpation had enhanced the presence of those groups. 

The proportion of Dominant Dolichoderinae diminished in extirpated plots (from 77 to 53 

% in C plots, and from 80 to 70 % in I plots), while the proportion of Cryptics increased in 

Cex plots, and the Generalized Myrmicinae increased in Iex plots (Figure 3.2). However, 

these changes did not reach statistical significance (GLMM: p > 0.05 in all cases).  
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Figure 3.2 Changes in the functional groups representation after the extirpation of L. humile winter 
nest aggregations. DD: Dominant Dolichoderinae, SC: Subordinate Camponotini, CCS: Cold 
climate specialists, C: Cryptic species, O: Opportunists, and GM: Generalized Myrmicinae. Types 
of plots: Cct (edge area without extirpation), Cex (edge area with extirpation), Ict (invaded area 
without extirpation) and Iex (invaded area with extirpation). 

 

3.3.3 EFFECTS OF WINTER NEST AGGREGATIONS EXTIRPATION ON THE 

ARGENTINE ANT POPULATIONS 

The Argentine ant mean abundance was compared every two months, finding that it was 

lower in extirpated than in control plots, although this difference was statistically 

significant only in June (GLMM: t = - 4.98, p = 0.04). In normal conditions (i.e. control 

plots), the abundance followed the expected seasonal trend, increasing with the rise of 

environmental temperature, and dropping when precipitation was the lowest. In contrast, in 

extirpated plots, the abundance remained at low values in spring and summer, but 

increased again in October (Figure 3.3). 
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Figure 3.3. Bimonthly differences in the Argentine ant total abundance between extirpated (“ex”) 
and non-extirpated (“ct”) plots throughout 2009, incluiding the total monthly precipitacion (mm) 
and mean temperature (°C) for the sampled months. 

 

Moreover, L. humile abundance was consistently higher in the invaded plots. The mean 

abundance ± SE from plots located in the edge of the invasion and from invaded areas 

were 85.7 ± 70.7 and 140.3 ± 38.7 respectively for control plots, and 54.0 ±34.0 and 82.3 

±10.9 respectively for extirpated plots. However, these differences were not significant 

(GLMM: t = 0.9, p > 0.05).  

3.3.4 EFFECTS OF ARGENTINE ANTS WINTER NEST AGGREGATIONS 

EXTIRPATION ON NATIVE ANTS 

As expected, the abundance of native ants was significantly higher in non-invaded plots 

(N), compared to control plots from the edge of the invasion (Cct) and the invaded areas 

(Ict) (GLMM: N vs. Cct: t = - 6.25, N vs. Ict: t = - 6.26; p < 0.0001 in both cases). 

However, neither the richness nor the Shannon diversity index showed significant 

differences between areas (GLMM: p > 0.05). 
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On the other hand, the extirpation of winter nest aggregations improved the diversity (H’) 

of native ants (GLMM: t = 24.57, p = 0.02), and decreased significantly the dominance 

values (Berger-Parker index) from the native community (GLMM: t = -6.71, p = 0.02) 

within plots from the invaded area (Iex). Moreover, in extirpated plots from the edge of the 

invasion (Cex), those values showed the same tendency, although withouth statistical 

significance. Additionally, the values of richness and abundance showed a moderate 

increase in the extirpated plots from both the edge of invasion and the invaded plots, but in 

no case those differences were significant (GLMM: p > 0.05). 

 

Furthermore, when the Shannon index values were compared to the Berger-Parker index 

(d), a significant relationship was detected between these indices (R2 = 91.1, p < 0.001), 

suggesting that as the dominance increases the diversity decreases. Figure 3.4 shows the 

differences in mean diversity and mean dominance between the types of plots sampled.  

 

 

Figure 3.4. Differences in the mean diversity (Shannon H’) and mean dominance (Berger-Parker) 
of native ants between all types of plots: Cct (edge area without extirpation), Cex (edge area with 
extirpation), Ict (invaded area without extirpation), Iex (invaded area with extirpation) and N (non-
invaded area), sampled during 2009. Bars indicate the standard error of the mean. 
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3.4 DISCUSSION 

Although extirpation did not succeed in eliminating completely the Argentine ant, it altered 

nonetheless its population dynamics throughout the year, as observed when comparing 

bimonthly abundances between extirpated and non-extirpated plots. In normal 

circumstances, the presence of L. humile has been linked to environmental factors such as 

temperature and humidity (Roura-Pascual et al. 2004; Roura-Pascual et al. 2006; Jumbam 

et al. 2008), and the seasonal variations of its abundance with changes in its foraging 

activity (Markin 1970a; Markin 1970c; Abril et al. 2007). 

 

In control plots, bimonthly differences in L. humile abundance showed a clear seasonal 

variation that may be related to its reproductive cycle. The peak of abundance in June 

coincides with the hatch of a large number of workers and males into the nest, which 

produces a pronounced demographic increment (Markin 1970a; Benois 1973) and 

therefore, a sharp increase in foraging activity to meet the trophic requirements of these 

castes (Abril et al. 2007). The second peak in October seems to be related to the second 

reproductive period of this species as described by Benois (1973), during which an intense 

foraging activity is observed again. After this period, the foraging activity decreases with 

the drop in temperature, until the following spring when another reproductive cycle begins 

(Abril et al. 2007).  

 

In contrast, in the extirpated plots, the late-spring peak was not observed and the autumn 

peak was smaller than in control plots, suggesting that the reproductive dynamics of this 

invasive ant is affected by the extirpation of winter aggregations. The drop in the 

abundance of workers caught in pitfalls could be due to the elimination of most of the 

queens and their brood which resulted in a poor demographic increment in spring, and 

therefore in a lower demand for food requirements, thus reducing its foraging activity. 

 

At the community level, we observed a lower abundance of the Argentine ant in the front 

of invasion, which could be attributed to a stronger competition between this species and 

native ants. Indeed, in the extirpated plots from the edge of invasion, observations revealed 

that native ants increased their presence (from 33 to 53 %) and gained territory as the 

Argentine ant abundance was reduced.  
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However, in invaded areas, where the abundance of the Argentine ant was very high and 

had low variances between plots (which suggests that it is better established), the recovery 

of native ants was smaller (from 20 to 30 %), proving that the competitive ability of the 

Argentine ant (as for any other ant species) is directly related with its relative abundance 

(Cerdá et al. 1997). These facts suggest that after the invasion reaches high levels, the 

recovery of the native ant community is more difficult and takes more time. Nevertheless, 

it is encouraging to see how a little and localised disturbance of the Argentine ant nests 

was profitable to native ants, even when surrounded by highly invaded areas. 

 

On the one hand, the recovery of the native community in extirpated plots could be 

explained partially by the ability of native ants to better tolerate dryer climatic conditions, 

since 2009 was a relatively a dry year (378 mm) (Generalitat de Catalunya 2011), and the 

ideal rainfall range for the Argentine ant is 500-1500 mm per year (Jumbam et al. 2008). In 

California, for example, it was found that native ant vulnerability to invasion appeared to 

depend primarily on the suitability of the physical environment from the perspective of L. 

humile, being the abiotic environment a limiting factor of both colony-level activity and 

colony growth (Holway et al. 2002b). Moreover, Walters and Mackay (2003) suggested 

that competition with the native Iridomyrmex ants combined with relatively hot and dry 

conditions were restricting the spread of Argentine ants in Australia.  

 

On the other hand, colony size could be another factor that affected the success of the 

Argentine ant in extirpated plots. In an experimental manipulation of colony sizes of L. 

humile in the laboratory, Walters and Mackay (2005) found that Argentine ants were able 

to overcome Iridomyrmex spp. only when their colony sizes were 5 to 10 times greater than 

those of native ants, suggesting that the numerical dominance, or the ability of the 

introduced colony to attain larger numbers than native ants, may be particularly important 

for the invasion success of the Argentine ant. Furthermore, the success of L. humile 

colonies was associated with large colony sizes in laboratory studies in North America, 

which showed that Argentine ant workers remained at resources in the presence of the 

native ant Forelius mccooki McCook (with colonies of 500 workers) only when their 

colony sizes exceeded 1000 workers (Holway & Case 2001). 
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In the present study, the size of the colony and consequently the numerical abundance of 

the Argentine ants were minimized throughout extirpation, which could let native ants to 

partially recover their abundances and therefore, their competitive ability against L. humile. 

With low abundances, L. humile exerted less pressure in competitive interactions against 

native species, which could allow the re-entrance of some ant species previously displaced 

and the recovery of the abundance of those that were still present. 

 

Sanders et al. (2003) compared pre and post invaded plots by the Argentine ant, and found 

that the reorganization of native ant communities after the invasion was rapid, and the shift 

from segregated toward random or aggregated species occurrences happened within one 

year of the appearance of L. humile. They suggested that the ability of L. humile to exploit 

resources and interfere with competitors caused rapid and drastic changes in ant 

community organization, and additionally, affirmed that competition by a dominant species 

influenced community co-occurrence patterns in this system. Thus, in the current study, the 

reduction of the abundance of the dominant species L. humile could perhaps have stopped 

partially its influence on the community, allowing new changes and a rapid reorganization 

of the native community in that same period of time. 

 

Regarding the community composition, it is somehow surprising to find that almost all 

native ant species were found in the presence of the Argentine ant. From the 26 species 

found in the study area, only two species, L. cinereus and P. rufescens, were exclusively 

present in the non-invaded area. The absence of L. cinereus in invaded areas could be due 

to the strong competition that L. humile exerts in relation to aphid-tending (Holway et al. 

2002a), combined with its submissive behaviour (Abril & Gómez 2011). The absence of P. 

rufescens is possibly related to the fact that it is naturally very rare, non-abundant and very 

difficult to find. The rest of the species were found at least in one of the plots sampled, 

even though their abundances were variable, depending on the degree of invasion and the 

treatment received.  

 

Previous studies found that L. humile had differential impacts on species in the community 

and that some native species are able to persist after the invasion (Ward 1987; Human & 

Gordon 1996; Suarez et al. 1998; Holway 1999; Sanders et al. 2001; Carpintero et al. 
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2007). In fact, in Catalonia Roura-Pascual et al. (2010) found a total of 25 native species 

across different land uses invaded by L. humile, from which nine species corresponded to 

cork oak forest habitats, and they concluded that with the spread of the Argentine ant most 

species experienced a general decrease in occupancy (of baits), except for P. pygmaea and 

Temnothorax spp. which were able to resist the invasion. 

 

However, Oliveras et al. (2005a) found only three native species in L. humile invaded 

zones of the same study area (Castell d’Aro, Catalonia). This difference could be due to 

differences in the sampling methods, as they sampled only visually, while Roura-Pascual et 

al. (2010) used baits, and the present study involved the use of pitfall traps, vegetation 

beating and manual sampling. Pitfall traps capture ants all day long, collect most epigeic 

species (Bestelmeyer et al. 2000), and allow the collection of subordinate species with 

different activity rhythms as a response to competition in resource exploitation with the 

dominant species (Cerdá et al. 1997). In addition, vegetation beating is effective at 

obtaining records of most arboreal species (Basset et al. 1997) and manual sampling allows 

the collection of ants from different microhabitats and record most of the species 

inhabiting an area (Bestelmeyer et al. 2000). 

 

Sanders et al. (2003) considered that the spatial variation in the density of L. humile could 

be an explanation for the co-occurrence of native species with this invasive ant, especially 

in places where Argentine ant density is low and the species is not very well established. 

Even so, in the present study 10 native species were found in invaded-control plots where 

the Argentine ant is well established, and 14 species in invaded-extirpated plots, an 

increment that could be due to re-occupation by natives. 

 

The occurrence of native ants in the presence of L. humile differed from species to species 

and according to the degree of invasion. M. graminicola and M. specioides for example 

were found just once in invaded areas, and it seems that their presence or absence is due to 

their aggregated distribution, regardless of the presence of L. humile. In addition, P. 

pygmaea appeared not to be affected by L. humile, having similar abundances in non-

invaded and invaded areas, which is in accordance with previous results in the same study 

area (Oliveras et al. 2005a; Roura-Pascual et al. 2010). 
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Nevertheless, none of the earlier studies had differentiated the effects of the edge of the 

invasion (where L. humile is starting to invade) and the fully invaded zone (where L. 

humile is well established and has a higher abundance) on each native species. In the case 

of P. pygmaea for instance, it was found that its abundance was lower in the edge of 

invasion, due possibly to a stronger competition by the native ant community which could 

be suffering high levels of stress resisting the entrance of the Argentine ant, and hence 

being more aggressive against each other. 

 

Regarding the Temnothorax species, all of them were present together with the Argentine 

ant, which suggests that this genus is not affected by the invasion. Furthermore, T. 

racovitzai appears to be favoured by the invasion, as its abundance increased in the edge of 

the invasion, which could be due to the decline of some other native species when the 

Argentine ant begins to invade, and therefore a decrease in competition for specific 

resources, that could allow this species to be more successful inside this particular area of 

the invasion. 

 

The same happened with most of the Camponotus species (except C. pilicornis), which 

presented higher abundances in invaded areas. This could be a consequence of the 

invasion, perhaps linked to the strong decrease in C. cruentatus abundance, which in 

normal circumstances is a dominant species in Mediterranean ant communities (Boulay et 

al. 2007), and could be competing fiercely with other Camponotus species for the same 

resources. Due to the nearly complete disappearance of C. cruentatus in the presence of 

Argentine ants, those latter could obtain more easily nests and food resources, and 

subsequently increase their abundance. Another explanation for the increase in some 

Camponotus species (especially C. lateralis) could be the reduction in the abundance of C. 

scutellaris, which happens to be a tree-nesting dominant species with very aggressive 

territorial behaviour (Carpintero et al. 2007). 

 

In contrast, P. pallidula, C. cruentatus and F. subrufa were the species most affected by 

the invasion, with a drastic decrease in their abundances when the Argentine ant was 

present. Another native species, C. scutellaris, showed more resistance in the front of the 

invasion but disappeared in the invaded area. P. pallidula and C. scutellaris were found to 
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be the species most affected by the invasion in southern Spain (Carpintero et al. 2007). P. 

pallidula, the most affected of both, shared similar characteristics with L. humile such as a 

similar seasonal activity rhythm, diurnal and nocturnal activity, considerable overlap in 

temperature range, mass recruitment and defence of food resources. All these 

characteristics lead to a strong competition between the two species, L. humile wining 

thanks to its higher abundance (Carpintero et al. 2007). 

 
Concerning the functional groups, the invasion of the Argentine ant resulted in an 

important change in the community structure. The study of each area of the invasion let us 

observe that those changes are gradual, starting with a drastic drop of the Generalized 

Myrmicinae and the Opportunist groups in the front of invasion, and finishing with their 

almost disappearance in the highly invaded area. The same results were found by Roura-

Pascual et al. (2010), confirming that there is an inverse relationship between the 

Generalized Myrmicinae richness and the abundance of Dominant Dolichoderinae, as it 

was proposed for the ant communities from American woodlands (Andersen 1997). 

 

In contrast, a very different pattern was found for the Cold Climate Specialist ants, which 

are in theory characteristic from habitats where the abundance of Dominant 

Dolichoderinae is low (Andersen 2000). Indeed, most of the Temnothorax species had 

established populations inside the invaded area and were not affected by the high 

abundance of Argentine ants, but instead they seemed to be favoured by the invasion. A 

possible explanation might be that these species, together with those from the Cryptic 

group (P. pygmaea and Solenopsis sp.) cope well with the invasion because of their 

reduced sizes and their subordinate behaviour (Roura-Pascual et al. 2010), and 

furthermore, because of their reduced foraging area and exploitation of sub-optimal niches 

(Passera 1994). To explain deeper the results found about the impact of L. humile on 

different species from the native ant community, we conducted behavioural experiments 

assessing the interactions between some native species and the Argentine ant, which results 

will be discussed in Chapter 5. 

 

In conclusion, the overall results indicate that the extirpation of winter nest aggregations 

lowers the abundance and disturbs the population dynamics of the Argentine ant, which 

allows a partial recovery of the native ant populations. To have a greater impact, the 



Effects of extirpation on Argentine and native ants 

55 

extirpation should be performed in places nearby the edge of invasion, because this is the 

area where the highest density of queens per nest is found in winter (Abril et al. 2012). The 

removal of nests in this particular area of the invasion will have a stronger impact on L. 

humile populations, weakening the spread, and thus making more efficient this control 

method. 

 

However, this control method is not sufficient when used in opened natural habitats, since 

the re-entrance of the Argentine ant is inevitable. Perhaps, winter aggregations extirpation 

should have a higher success in closed or isolated areas (e.g. islands), where the re-

entrance of this invasive species can be actively controlled. In addition, given that this 

study evaluated the effects of aggregations’ extirpation during only one year, further 

investigation is needed to assess if in isolated areas, a long-time extirpation could have 

more pronounced impacts on the abundance and population dynamics of the Argentine ant 

and native species. 
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CHAPTER 4 

 
 
 

ARGENTINE ANT INVASION AND WINTER 

AGGREGATIONS EXTIRPATION EFFECTS ON 

ARTHROPOD COMMUNITIES 

 

ABSTRACT 

Differences in non-ant arthropod orders were assessed between areas infested and free of 

Argentine ants, in three cork oak forests located in Catalonia, Spain. Non-ant arthropods 

were compared as well after the extirpation of L. humile winter nest aggregations, which 

could constitute a control method for this invasive species. Sampling was carried out in 

late June 2009 with pitfall traps and vegetation beating. Concerning the ground-dwelling 

community, the invasion had negative effects on the abundance and richness of Aranae and 

Parasitiformes orders, and for the arboreal community it had positive effects on the 

richness and abundance of Hymenoptera. After extirpation of winter nests, neither the 

abundance nor the richness of none of the arthropod orders changed significantly. More 

detailed studies at species or trophic group level, including information on environmental 

and habitat factors are necessary to elucidate how the Argentine ant invasion affects non-

ant arthropods communities. 

4.1 INTRODUCTION 

There is evidence of the growing capacity of the Argentine ant to invade natural habitats, 

where it displaces many native ant species and changes or reduces arthropods biodiversity 

(Cole et al. 1992; Human & Gordon 1996, 1997; Holway 1998a; Suarez et al. 1998; 
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Bolger et al. 2000; Suarez et al. 2001; Walters 2006; Daane et al. 2007). Argentine ants 

interfere in the foraging activity of other ant species (Human & Gordon 1996) and may do 

the same to other arthropods (Bolger et al. 2000). Species that are slow moving, flightless, 

or lacking a hard exoskeleton may be vulnerable to ant predation (Human & Gordon 

1996), as are eggs from some arthropod species which are preyed by the Argentine ant 

(Dreistadt et al. 1986; Way et al. 1992). 

 

The ecological effects of L. humile on populations and communities of different organisms 

have been studied in the USA, Southern Europe, South Africa, Pacific Islands and Japan 

(Kenis et al. 2009). Different studies have linked the presence of Argentine ant with 

changes in abundance and diversity of many non-ant arthropods, including spiders, beetles, 

flies, wasps, bees, bugs, mites, springtails and crickets (Cole et al. 1992; Human & Gordon 

1997; Bolger et al. 2000), changes that could have cascading effects on ecosystem 

processes.  

 

The effects of the Argentine ant invasion on arthropods can be positive or negative 

depending on the taxa considered. For example, a higher abundance of Isopoda, Diplopoda 

(Cole et al. 1992) and Orthoptera (camel crickets) (Human & Gordon 1997) was found in 

Hawaii and California respectively. The authors argue that these scavenger groups may be 

favoured by the increase in the food resources they feed on, such as dead or immature ants, 

or the remains of prey items brought to the nest area by foraging ants. 

 

Negative effects of L. humile invasion were documented by Bolger et al. (2000) for 

Coleoptera, Diptera, non-ant Hymenoptera, Hemiptera, Microcoryphia and Acarina, and 

for Aranae, Collembola, Dermaptera, Coleoptera, Diptera, Hymenoptera and Lepidoptera 

by Cole et al. (1992). However, Holway (1998a) did not found differences in ground-

dwelling arthropods abundances and diversities between invaded and non-invaded areas of 

northern California, and concluded that Argentine ants and the native ants they replaced 

may be interacting with arthropods in a similar manner. 

 

In Spain, some studies have focussed on the displacement of native ants by the Argentine 

ant (Carpintero et al. 2005; Oliveras et al. 2005a; Carpintero & Reyes-López 2008; Roura-
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Pascual et al. 2010) and on the effects of the invasion on pollinator insects of Euphorbia 

characias L. (Blancafort & Gómez 2005). However, little is known about the effects of the 

invasion on ground-dwelling and arboreal non-ant arthropods at the community level. 

Since the foraging activity of the Argentine ant is superior to that of native ants on trees of 

cork oak forests (Abril et al. 2007), it could implicate a higher rate of encounters with 

other arthropods which could be affecting their abundance and composition. 

 

On the other hand, strategies to control Argentine ants, most of them chemical (Soeprono 

& Rust 2004), have had poor success, making necessary new studies to develop other kinds 

of control approaches. Given that the queens hold the reproductive power of the colony, 

their extermination could be a promising tool to control their spread in natural ecosystems. 

The manual removal of the queens could be a way to limit the free expansion of existing 

colonies, as well as the foundation of new ones at local scale. To be as cost-effective as 

possible, this operation should be implemented at the advancing front of the invasion 

during winter, which has been found to be the period of peak queen density inside nests 

(Abril et al. 2008a). In Chapter 3, the efficacy of this control method was tested, with a 

resulting decrease in the abundance of L. humile and a disturbance of its population 

dynamics, as well as beneficial effects on the recovery of some ant species after the 

extirpation.  

 

Therefore, this study aimed first, to assess the effects of L. humile infestation on the 

richness and abundance of ground-dwelling and arboreal non-ant arthropods in the study 

fronts, and second, to test if the extirpation of winter nest aggregations could favor the 

recovery of the arthropod taxa within invaded areas (in the case they were affected by the 

invasion). 

4.2 METHODS 

4.2.1 STUDY AREA 

This study was conducted in three cork oak secondary forests infested by the Argentine 

ant. Two of them were located in the Gavarres Massif (forest 1: 41°49'24"N 3°00'18"E, 
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and forest 2: 41°47'31"N 2°58'52"E) and the third one in the Cadiretes Massif (forest 3: 

41°46'30"N 2°59'54"E), in the northeast of the Iberian Peninsula. The climate is 

Mediterranean sub-humid, with 750 to 800 mm of annual rainfall. Vegetation is dominated 

by Quercus suber L., Quercus ilex L., Pinus pinea L. and Pinus pinaster Aiton. 

4.2.2 SAMPLING DESIGN 

At every site, three pairs of 12 x 12 m plots were placed along three different areas of each 

invaded forest, categorized in accordance with their level of abundance of the Argentine 

ant: non-invaded (without L. humile, and separated 250 m on average from the invaded 

area), edge/front of invasion (with most of the native ants and Argentine ants interacting, at 

20 m on average from the localized edge of the invasion), and invaded areas (with low 

presence of native ants and high abundance of L. humile, at 250 m on average from the 

invasion edge).  

 

Each pair of plots was separated by 50 m on average from each other, and in one of them 

Argentine ant winter nest aggregations were extirpated (plots “ex”), while the other one 

was left untouched and considered as a control (plots “ct”). Thus, a total of 18 plots was 

sampled, six of them located in the non-invaded area, six control plots in the invaded area, 

and another six experimental plots in the invaded area. 

4.2.3 ARGENTINE ANT WINTER NEST AGGREGATIONS EXTIRPATION 

Argentine ant nest aggregation mapping was done before extirpation in December 2008, to 

ensure the detection and localization of as many existing nests as possible. Argentine ant 

nests were searched under rocks, pieces of debris, logs and around trees. All individual 

nests found were marked with fluorescent spray paint. After mapping all the invaded plots, 

the nests were extirpated in January 2009, using garden shovels to extract all the nest 

material, which was then stored in plastic boxes smeared with polytetrafluoroethylene on 

top to prevent ants from escaping. Nests were extirpated until no nest chamber was found, 

but those located in tree bases were impossible to extirpate completely, due to the roots and 

big rocks between them hindering the extraction of nest material. Nest material was taken 
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back to the laboratory and frozen for one week at -20 °C to kill workers, queens, and their 

brood.  

4.2.4 ARTHROPODS SAMPLING 

To sample ground-dwelling arthropods communities, five pitfall traps were set in each plot 

in middle June 2009. Pitfall traps consisted of plastic urine pots (7 cm diameter) half filled 

with ethylene glycol diluted 50:50 with distilled water. Traps were set the same week and 

collected seven days later.  

 

Vegetation beating was conducted around each pitfall trap within a radius of 2 m, in order 

to sample arboreal arthropods, which could be affected by the Argentine ant foraging 

activity that presents a peak at this time of the year on cork oaks (Abril et al. 2007). 

Vegetation beating (including bushes, grasses, and canopy up to 3 m high) was performed 

using a modified plastic tray with a hole in the centre where a plastic bottle was screwed. 

This tray was held like a funnel on a folding frame and positioned below the vegetation 

which was vividly beaten with a wooden stick to dislodge arthropods. Falling arthropods 

slid towards the centre of the tray and inside the plastic bottle. After ten beats, the bottle 

was unscrewed from the plastic tray, filled with alcohol at 70 % to preserve the sample, 

labelled and closed with a matching tap. Vegetation sampling was carried out during the 

last week of June 2009, under sunny and calm conditions in the morning and after pitfall 

traps had been collected.  

4.2.5 ARTHROPODS IDENTIFICATION AND DATA ANALYSIS 

The non-ant arthropods collected were sorted under binocular microscope and individuals 

were identified to order level using the taxonomic classification and keys from Barrientos 

(2004) and supplementary identification keys (e.g. Brolemann 1935; Chinery 1978; Jones 

1985). In addition, individuals were sorted with the criteria of the morphologically 

recognisable taxonomic units (RTUs) or morphospecies (Olivier & Beattie 1993), which 

can be used as surrogates of species in the comparison of communities (Olivier & Beattie 

1996).  
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To test the effect of the Argentine ant presence on terrestrial and arboreal arthropods, the 

abundance and richness were compared between invaded (control plots) and non-invaded 

areas, and between types of plots (according to their distances from the edge of invasion) 

by means of generalized linear mixed models (GLMMs), using Poisson error distribution 

and log link (for count variables), including type of plot and treatment as fixed factors and 

site (forest fronts) as a random factor in order to control possible site-based differences. 

 

GLMMs (Poisson error distribution, log link) were run as well to test the effect of the 

extirpation of Argentine ant winter aggregations, including treatment as the fixed factor 

and site as a random factor. The same kinds of GLMMs were employed to test the effect of 

extirpation on each arthropod order. GLMMs were performed with the program R version 

2.14.2 (R Development Core Team 2011). P-values lower than 0.05 were considered as 

significant in all analyses. 

4.3 RESULTS 

4.3.1 GROUND-DWELLING ARTHROPODS RESPONSE TO INVASION AND WINTER 

NEST AGGREGATIONS EXTIRPATION 

A total of 3619 individuals belonging to 22 orders were collected with pitfall traps. The 

most abundant orders were Poduromorpha, Entomobryomorpha, Parasitiformes and 

Acariformes respectively. Dermaptera, Isopoda, Scolopendromorpha and Scorpiones were 

very rare, represented by a single individual captured. Regarding the richness by order, 

those with the highest number of morphospecies were Hymenoptera (55), Aranae (37) and 

Hemiptera (22) (Table 4.1).  

 

The overall arthropod abundance and richness were not affected by the distance to the edge 

of invasion or by the Argentine ant presence (GLMMs: p > 0.05), although the analyses at 

order level showed significant differences in abundance and richness of Aranae and 

Parasitiformes which were affected negatively by the presence of L. humile showing lower 

values within invaded plots (GLMM Aranae: trichness = -2.49, tabundance = -2.35, p < 0.05 for 

both; GLMM Parasitiformes: trichness = -2.47, p < 0.01 and tabundance = -3.86, p < 0.05). 
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Nevertheless, after the extirpation of winter nest aggregations, none of the ground-dwelling 

orders showed significant changes in their abundance or richness. 

 
 
Table 4.1. Mean abundance ± SE and total richness (in parenthesis) of the different 
ground-dwelling arthropod orders identified per area (pooled for the plots’ replicates; n = 6 
for each area). 
 

Order Common name 
Mean abundance ± SE (total richness)  

Non-invaded 
area 

Invaded-
control area 

Invaded-
extirpated area 

Acariformes Mites 28.7 ± 43.1 (5) 35.8 ± 21.6 (7) 18.8 ± 8.4 (7) 

Aranae Spiders 14.3 ± 3.0 (22) 7.3 ± 1.9 (19) 8.2 ± 1.2 (23) 

Coleoptera Beetles 10.5 ± 5.5 (10) 12.6 ± 6.4(7) 6.4 ± 1.9 (8) 

Craspedosomatida Millipedes - 1.0 ± 0.0 (1) 2.0 ± 0.8 (1) 

Dermaptera Earwigs - - 1.0 ± 0.0 (1) 

Dictyoptera Cockroaches, mantids 1.8 ± 2.3 (5) 2.0 ± 0.7 (3) 7.25 ± 2.2 (4) 

Diptera Flies 5.0 ± 1.5 (12) 6.8 ± 3.3 (10) 3.0 ± 0.9 (7) 

Entomobryomorpha Springtails 55.7 ± 42.8 (7) 36.3 ± 9.9 (7) 19.3 ± 8.3 (6) 

Hemiptera Bugs 3.3 ± 2.2 (8) 5.8 ± 2.4 (15) 7.0 ± 4.1 (6) 

Hymenoptera (non-ant) Wasps, bees 2.1 ± 1.2 (20) 9.4 ± 4.3 (35) 3.6 ± 0.8 (18) 

Isopoda Woodlice, pill bugs - 0.2 ± 0.0 (1) - 

Lepidoptera Moths, butterflies 2.0 ± 0.6 (9) 1.6 ± 0.4 (5) 2.0 ± 0.6 (7) 

Mycrocoryphia Jumping bristletails 1.2 ± 0.7 (1) 3.0 ± 0.7 (3) 1.8 ± 0.2 (4) 

Opiliones Harvestmen 1.2 ± 0.9 (2) 4.2 ± 1.4 (7) 6.5 ± 1.0 (4) 

Orthoptera Grasshopers 2.2 ± 1.8 (4) 2.8 ± 0.6 (5) 2.0 ± 0.3 (4) 

Parasitiformes Ticks, mites 62.8 ± 12.5 (11) 23.2 ± 5.5 (11) 15.2 ± 3.2 (9) 

Poduromorpha Springtails 21.3 ± 8.3 (4) 38.2 ± 19.7 (4) 80.3 ± 40.1 (4) 

Psocoptera Psocids 0.8 ± 0.9 (4) 13.3 ± 7.3 (5) 5.8 ± 1.9 (6) 

Scolopendromorpha Scolopendras - 1.0 ± 0.0 (1) - 

Scorpiones Scorpions 0.2 ± 0.0 (1) - - 

Symphypleona Springtails 7.8 ± 6.4 (4) 4.2 ± 1.3 (4) 5.3 ± 0.9 (4) 

Thysanoptera Thrips 0.3 ± 0.8 (2) 3.5 ± 0.9 (1) 3.5 ± 0.9 (3) 
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4.3.2 ARBOREAL ARTHROPODS RESPONSE TO INVASION AND WINTER NEST 

AGGREGATIONS EXTIRPATION 

A total of 5150 individuals were captured, belonging to 17 non-ant arthropod orders, the 

most abundant being Hemiptera, Acariformes, Thysanoptera, and Psocoptera respectively. 

Additionally, the orders best represented by quantity of morphospecies were Aranae (46), 

Hemiptera (40) and Coleoptera (24) (Table 4.2). 

 

 

Table 4.2. Mean abundance ± SE and total richness (in parenthesis) of the different 
arboreal arthropod orders identified per area (pooled for the plots’ replicates; n = 6 for each 
area). 
 

Order Common name 
Mean abundance ± SE (total richness) 

Non-Invaded 
area 

Invaded-
control area 

Invaded-
extirpated area 

Acariformes Mites 6.7 ± 5.2 (4) 74.2 ± 63.0 (5) 17.8 ± 11.0 (4) 

Aranae Spiders 9.0 ± 2.9 (23) 21.8 ± 5.6 (34) 16.5 ± 4.0 (27) 

Coleoptera Beetles 4.2 ± 0.5 (11) 10.7 ± 4.8 (14) 8.3 ± 4.1 (10) 

Dictyoptera Cockroaches 1.2 ± 0.5 (2) 1.0 ± 0.9 (2) 1.5 ± 0.6 (2) 

Diptera Flies 0.2 ± 0.2 (1) 0.3 ± 0.5 (2) 0.5 ± 0.3 (3) 

Entomobryomorpha Springtails 1.3 ± 1.0 (1) 2.8 ± 2.1 (1) - 

Hemiptera Bugs 184.0 ± 164.0 (23) 86.5 ± 39.0 (28) 182.0 ± 150.0 (22) 

Hymenoptera  
(non-ant) 

Wasps, bees 0.5 ± 0.5 (2) 2.7 ± 1.1 (13) 1.2 ± 0.8 (5) 

Lepidoptera Moths, butterflies 1.7 ± 0.7 (6) 3.8 ± 2.5 (6) 0.7 ± 0.3 (2) 

Neuroptera Lacewings 0.8 ± 0.3 (3) 1.5 ± 1.0 (1) 0.7 ± 0.3 (1) 

Opiliones Harvestmen - - 0.2 ± 0.2 (1) 

Orthoptera Grasshoppers - 2.2 ± 0.9 (3) 2.2 ± 1.8 (3) 

Parasitiformes Ticks and mites 3.0 ± 1.8 (5) 5.7 ± 3.1 (5) 2.7 ± 1.6 (5) 

Phasmida Stick insects - 0.2 ± 0.2 (1) - 

Psocoptera Psocids 11.5 ± 4.9 (4) 12.0 ± 3.7 (4) 31.7 ± 13.0 (5) 

Symphypleona Springtails 7.3 ± 3.7 (2) 40.3 ± 34.0 (2) 4.0 ± 1.8 (2) 

Thysanoptera Thrips 4.5 ± 3.2 (4) 53.5 ± 34.0 (4) 34.0 ± 20.0 (4) 
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The overall abundance and richness of arboreal arthropods were not affected by the 

distance to the edge of invasion or by the Argentine ant presence (GLMMs: p > 0.05). At 

order level, significant differences were found in the abundance and richness of 

Hymenoptera, which increased with the presence of L. humile (GLMM: trichness = 2.55, 

tabundance = 2.41, p < 0.05 for both). However, after the extirpation of winter nest 

aggregations, none of the orders showed changes in their abundance or richness. 

4.4 DISCUSSION 

Overall, most of the ground-dwelling and arboreal arthropod taxa were not affected by the 

Argentine ant invasion, and neither showed significant changes after the extirpation of the 

L. humile winter nest aggregations. The reason why many arthropod taxa were not affected 

could be linked to their protective hard exoskeletons, chemical defences or micro-habitats 

that do not overlap with those of L. humile, protecting them from predation or interference 

competition by this invasive ant (Porter & Savignano 1990; Cole et al. 1992). 

 

However, at order level, some negative effects were found for the ground-dwelling Aranae 

and Parasitiformes orders. The decrease in the abundance and richness of spiders could be 

attributed to the Argentine ant interference and competition for prey (Human & Gordon 

1997). Spiders are ubiquitous predators in terrestrial ecosystems, that attack primarily 

insects, but also eat other arthropods, and since prey is a limiting resource, a shortage of it 

should affect spiders’ densities (Wise 1993). Ants and spiders are potential competitors and 

mutual predators, even though the rate of predation of spiders by ants has been found to be 

low (Halaj et al. 1997).  

 

Halaj et al. (1997) excluded ants experimentally in Douglas-fir plantations of western 

Oregon, finding an increment in the abundance of hunting spiders (Salticidae). Both 

spiders and ants were observed consuming preys of similar size and taxonomic 

composition (Hemiptera, Psocoptera and Lepidoptera larvae were the most captured), and 

the authors suggested that the lower abundance of spiders in control canopies with ants 

could be caused by interference competition with ants resulting from ant foraging and 

aphid-tending activities, which was very high at the site. In the present study, although the 
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results were not significant statistically, the abundance and richness of spiders increased 

after the extirpation of L. humile winter nest aggregations, maybe due to the decrease in the 

competition interference inflicted by this invasive ant. 

 

Nevertheless, contrasting results of the effects on spiders were found in other studies, 

ranging from not being affected by the invasion (Holway 1998a), to being favoured 

(Bolger et al. 2000; Touyama et al. 2008). For example, Touyama et al. (2008) found that 

the density of the jumping spider Siler cupreus Simon was enhanced in infested areas of 

Japan, thanks to the high abundance of eggs and adults of the Argentine ant which this 

spider predated. 

 

Regarding the order Parasitiformes, the negative effects of L. humile on mites could be 

partly due to the predatory nature of some species that constitute this group (belonging to 

the suborder Mesostigmata), which predate other edaphic arthropods (Freire 2007). In fact, 

mites from the family Laelapidae are used as biological control agents of several pests, as 

the glasshouse sciarids Bradysia spp., the thrip Frankliniella occidentalis (Pergane), and 

the bulb mite Rhizoglyphus robini Claparède which cause significant economic losses in 

crops and greenhouses (Gillespie & Quiring 1990; Wright & Chambers 1994; Lesna et al. 

1996). In addition, studying the effects of the invasion of the fire ant Solenopsis invicta 

Buren on arthropods communities, Porter & Savignano (1990) found a negative effect on 

mites from the family Erythraeidae. These mites are parasitic on various other arthropods, 

but the adults are free-living predators (Zhang 1998).  

 

It is possible that the large numbers of Argentine ants in invaded areas could be interfering 

with the foraging activities of Parasitiformes’ predatory species, competing for food 

resources. Additionally, mites are very abundant and do not have a hard exoskeleton which 

may make them more vulnerable to predation by the Argentine ant. Other studies found 

equally negative effects of the invasion of L. humile on mites (Human & Gordon 1997; 

Bolger et al. 2000; Rowles & O'Dowd 2009) but none of them proposed a clear 

explanation for this fact. 
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A contrasting scenario was found for the arboreal community, where the non-ant 

hymenopterans seemed to be favoured by the Argentine ant invasion. However, it is not 

clear how the invasion helps to increase the abundance and richness of this order. For 

instance, negative effects have been reported on hymenopterans that parasite mealy-bugs, 

as a result of the protection this ant gives to those latter, through the decrease in their 

activity and density in vineyards from South Africa (Mgocheki & Addison 2010) and 

California (Daane et al. 2007).  

 

In this study, hymenopterans showed higher abundances in invaded plots, but many of the 

species found were not parasites, and may not be affected by the presence of L. humile, as 

it was found for the bees Hylaeus spp. and Apis mellifera L. in Hawaii, which did not show 

differences in the frequency of the visits of infested vs. non-infested inflorescences of the 

tree Metrosideros polymorpha Gaudich. (Lach 2008). Hence, a more detailed study at 

species level is necessary to clarify which species are favoured or not by the invasion of 

the Argentine ant, taking into account the differences between plots’ floral composition of 

the understory that could perhaps be an additional factor causing these changes. 

 

Although not significant, some differences in other orders were observed when the 

Argentine ant was present. In the case of hemipterans, ground-dwelling and arboreal 

species showed a higher richness in invaded areas, promoted maybe by the effect of the ant 

tending activity, which guards and decreases the impact of predators and parasitoids on the 

fitness of their aphid hosts (Renault et al. 2005). Positive effects of the Argentine ant 

invasion on some hemipterans have been found in vineyards (Daane et al. 2007; Mgocheki 

& Addison 2010), and many other ecosystems (Holway et al. 2002a; Lester et al. 2003). 

For example, studying the aphid-ant interactions, Renault et al. (2005) found that there was 

a significant increase in the abundance of Aphis coreopsidis (Thomas) when the ant 

Camponotus sp. was present, and a significant decrease in the density of the spider 

population on the plant Bidens pilosa L. (Asteracea).  

 

Other orders such as Diptera and Coleoptera have been found to be affected by the L. 

humile invasion. In the case of dipterans, two different studies on pollination found that in 

the presence of the Argentine ant, several species of this order diminished their visits to 
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flowers, e.g. Eristalis tenax L. in inflorescences of Euphorbia characias L. (Blancafort & 

Gómez 2005), and Drosophilidae and Bibionidae species in inflorescences of Protea nitida 

Mill. (Visser et al. 1996). The effects of the invasion on dipterans in the present study are 

not conclusive, since the abundance of this group was very low in the arboreal sampling, 

and very variable in the ground sampling, and thus, assessments at species level are needed 

to identify which species of this group could be affected in cork oak invaded forests. 

 

Regarding coleopterans, mixed results have been found in previous studies. Some of them 

are favoured by the Argentine ant invasion, such as the monkey beetle (Family 

Scarabaeidae) in fynbos plants of South Africa (Visser et al. 1996), whereas others are 

affected negatively, such as the arboreal eucalyptus borer Phoracantha semipunctata 

Fabricius (Family Cerambycidae), whose eggs are predated by the Argentine ant (Way et 

al. 1992), as are presumably the eggs from the threatened valley elderberry longhorn beetle 

Desmocerus californicus dimorphus Fisher (Family Cerambycidae) (Huxel 2000). In the 

present study, even though not significant, an increase in the abundance of coleopterans 

was observed in the invaded plots, but this difference was caused mainly by two species 

which were very abundant in the presence of L. humile. 

 

Although the results herein coincide with some of the previous studies (negative effects on 

spiders (Cole et al. 1992) and negative effects on mites (Human & Gordon 1997; Bolger et 

al. 2000)), the divergence in the results between all the studies that have assessed 

arthropod communities coexisting with L. humile (Cole et al. 1992; Human & Gordon 

1997; Holway 1998a; Bolger et al. 2000) makes difficult to generalize about how the 

invasion by the Argentine ant affects each arthropod taxon. Perhaps, it impacts only certain 

species of a given taxon, but in comparisons at the community-level, the effect on a single 

species is hard to detect or to test statistically, especially for rare species (Holway et al. 

2002a). Moreover, and given that the identification of the large amount of individuals until 

species level requires expertise and is time-consuming, this kind of approach is very 

difficult to develop, and hence, future studies should focus on species or trophic groups of 

special interest. 
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On the other hand, a study of the foraging behaviour of the Argentine ant, Abril et al. 

(2007) found that this species predated mainly immature forms of Hemiptera, Lepidoptera 

and Coleoptera, and adults from Hemiptera, Thysanoptera and Psocoptera. But, although 

its foraging activity on cork oaks was very intensive, especially in spring, the amount of 

solid prey that this species captured in comparison to liquid food was relatively low (less 

than 6 % of foraging workers carried solid preys). Additionally, other studies have 

determined that L. humile is a very effective scavenger in Mediterranean ecosystems 

(Angulo et al. 2011), but unfortunately, none of the studies made on its foraging activity 

(i.e. Markin 1970c; Abril et al. 2007; Carpintero et al. 2007) have recorded which of the 

preys carried by this species were alive and which were dead (with visible dehydration). 

This information could help us clarify which arthropod orders are affected by the 

Argentine ant by direct predation and to what extent, and should be consider worth 

recording in future studies. Thus, the small amount of solid prey that L. humile consumes, 

together with the fact that a percentage of this prey could be represented by corpses, may 

be another reason for the small impact of the Argentine ant on the non-ant arthropod taxa. 

 

Furthermore, it should be considered that invaded and non-invaded sites may differ with 

respect to environmental variables such as soil moisture and type, elevation, disturbance 

history, distance to the edge, or the presence of other invaders, which makes difficult to 

tease apart the effects of the invasion from those of the environmental variability (Holway 

et al. 2002a). It is possible that the effects of the presence of L. humile are confounded with 

other disturbance factors, as is explained by Bolger et al. (2000).  

 

For instance, Human & Gordon (1997) found differences in the arthropod community at 

the Jasper Ridge reserve at Stanford, California, but they compared edge areas with 

Argentine ants to interior non-invaded areas, without controlling for edge effects. 

Presumably, the proximity to an edge is correlated with many other ecological changes 

independent from the Argentine ant (Bolger et al. 2000). Additionally, Cole et al. (1992) 

found large effects of the Argentine ant on native arthropods in Hawaii, but this island 

lacks native ant fauna which may intensify the effects of the introduction of L. humile, 

making the extrapolation of their results to a continental scenario uncertain.  
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Population sizes of several arthropod species could also differ between invaded and non-

invaded areas because of the disturbance history of the area and not because of the invasive 

ants per se (Human & Gordon 1997). In fact, Bolger et al. (2000) found that many 

arthropod orders were influenced by fragmentation and habitat type effects rather than by 

the presence of the Argentine ant. Therefore, more detailed studies including edge, 

fragmentation, habitat and environmental factors are needed, in order to elucidate the 

effects of ant invasions on the community of arthropods and their subsequent effects on 

ecosystem processes and functions. 

 

In conclusion, the divergences between studies that have assessed arthropod communities 

coexisting with L. humile make difficult to reach solid conclusions on this subject. Hence, 

future studies should focus on species or trophic groups of special interest, and should 

include more information on environmental and habitat factors in order to better 

understand how the Argentine ant invasion affects a given non-ant arthropod taxon. 
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CHAPTER 5 

 
 
 

FACTORS INFLUENCING THE SPREAD OF THE 

ARGENTINE ANT IN CORK OAK SECONDARY FORESTS 

 

ABSTRACT 

Three invasion fronts from the Argentine ant were assessed in different Mediterranean cork 

oak secondary forests from the NE of the Iberian Peninsula, throughout 2009 and 2010, to 

study the influence of native ant communities on the L. humile rate of spread, and to 

identify which native species have the highest probability to cope with the invasion in the 

long term. Additionally, abiotic factors (air temperature, humidity and precipitation), and 

habitat perturbations experienced in the study area during the sampling, were evaluated in 

relation to ant presence and abundance. The mean annual rate of spread measured was 50.7 

m ± 14.6 SE, and seemed to be affected predominantly by air temperature rather than by 

interactions with native ants. In addition, native ants that adopt submissive behaviour 

against L. humile appear to have the highest probability to survive to the invasion. 

Modifications in the composition of native ant communities as a consequence of the 

invasion, and the effects of habitat perturbations could be boosting the rate of spread of the 

Argentine ant in the study area. 

5.1 INTRODUCTION 

Most of the world ecosystems have been altered by human activities, producing 

modifications in the composition of biotic communities (Mooney & Cleland 2001). The 

rate at which locations are accumulating non-native species is accelerating as free trade 

and globalization advance (Lockwood et al. 2005). However, only a small fraction of those 
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exotic species become established, and from these generally only about 1 % become pests 

(Williamson 1996). One of those successful invaders is the Argentine ant, Linepithema 

humile (Mayr), which has been listed as one of the world worst invasive species in the 

IUCN database, due to its negative effects on native ants, as well as on economical 

activities (Lowe et al. 2000). In the Iberian Peninsula, L. humile is currently distributed 

along coastal areas and in some inland localities (Espadaler & Gómez 2003). The first 

observations of the invasion date back to 1858 in Madeira (Wetterer et al. 2006) and 1923 

in Valencia (Font-de-Mora 1923), where Argentine ants may have been introduced 

throughout transatlantic routes that connected South America with the Iberian Peninsula 

during the last centuries (Barbaza 1988; Yañez 1996). 

 

One key for the success of introduced populations of L. humile is its unicolonial structure. 

Argentine ants form extensive supercolonies in which numerous queens and abundant 

workers mix freely among spatially separated nests between which territorial boundaries 

are weak to non-existent (Newell & Barber 1913; Markin 1970a; Hölldobler & Wilson 

1990). As a result, Argentine ants reach high population densities that place huge pressures 

on native ants, displacing them and saturating the available habitat to a greater extent 

(Holway 1999). However, the Argentine ant rate of spread is slow because colony 

reproduction occurs only through budding (queens do not participate in mating flights) 

(Newell & Barber 1913).  

 

In addition, spread models have shown that the expansion of the Argentine ant is limited 

by climatic factors such as temperature and humidity (Krushelnycky et al. 2005; Menke et 

al. 2007). L. humile seems most likely to occur where rainfall ranges between 500 and 

1500 mm per year, daily maximum temperature in the hottest month averages 19 to 30 °C, 

and where mean daily temperature at mid-winter is 7 to 14 °C (Hartley et al. 2006). 

Furthermore, the Argentine ant changes its nest preferences seasonally according to food 

availability and proximity, as well as to microclimatic conditions such as humidity and 

temperature in the nest location, looking for cool and wet sites during summer and warm 

and dry places in winter (Heller & Gordon 2006; Heller et al. 2006). 
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Casellas (2004) reported an increasing annual expansion rate of 19 ± 7 m in a forested area 

of the southern Costa Brava, Spain. Even though this rate of spread by budding is smaller 

than the rates reported in other parts of the world (a mean of 154 m ± 21 SE was calculated 

with data from 16 different studies (Suarez et al. 2001)), it demonstrates its potential to 

invade natural areas in the Mediterranean region without human assistance. Nevertheless, 

native ants offer biotic resistance to the invasion (Roura-Pascual et al. 2010; Roura-

Pascual et al. 2011), delaying the spread of the Argentine ant in natural environments 

throughout interspecific competition. In South Australia, for example, it was suggested that 

Iridomyrmex sp. could be slowing down the spread of L. humile (Walters & Mackay 2005). 

Other studies conducted in California found that Messor andrei (Mayr, 1886) and 

Camponotus semitestaceus Snelling, 1970, were able to displace Argentine ants from baits 

(Human & Gordon 1996), and other species such as Monomorium ergatogyna (Wheeler, 

1904) were able to persist on the baits despite their presence (Holway 1999).  

 

In its native range, the abundance and impact of the Argentine ant may be constrained by 

the presence of highly dominant native ant species from the same subfamily 

(Dolichoderinae) (Wild 2004), and at global scale, sites with more native genera from the 

tribe Leptomyrmecini tend to have a lower probability of invasion (Roura-Pascual et al. 

2011). Furthermore, the native species Tapinoma nigerrimum and T. hispanicum were 

found offering resistance and limiting the invasion of the Argentine ant in Portugal (Way et 

al. 1997), and the same behaviour was observed for T. nigerrimum in Corsica (Blight et al. 

2010). 

 

Since evidence about native ant species coexisting with the Argentine ant is extensive (e.g. 

Ward 1987; Suarez et al. 1998; Human & Gordon 1999; Sanders et al. 2001; Carpintero et 

al. 2003; Abril & Gómez 2009; Roura-Pascual et al. 2010), we wanted to assess if in our 

study area native ants might be delaying the spread of this invasive ant, and to identify the 

species that have the highest probability to cope with the invasion in the long term. 

Moreover, to elucidate if native ants resist to a certain extent to the invasion, biotic factors 

linked to the characteristics of the native ant communities were examined in relation to the 

rate of spread of the Argentine ant.  
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In order to identify which species cope better with the invasion, two different methods 

were followed. The first one consisted in analyzing behavioural interactions registered on 

baits (number and identity of species sharing baits), and the second one in performing 

aggressiveness tests, in order to understand why some native species resist better than 

others to the invasion and if the species level of aggressiveness may influence its survival. 

 

In Chapter 3, two native species, Crematogaster scutellaris (Olivier) and Camponotus 

lateralis (Olivier) which are very similar ecologically (Baroni Urbani 1969; Carpintero et 

al. 2005; Carpintero et al. 2007), were affected in very different degrees by the presence of 

the Argentine ant. The abundance of C. scutellaris dropped although it did not disappear, 

and in contrast, C. lateralis abundance increased with the invasion, especially in the front 

area (see Table 3.2).  

 

Since this fact can have different explanations (see discussion of Chapter 3), we wanted to 

test if those changes in abundance were directly related to their interaction with the 

Argentine ant. Thus, different bioassays were conducted in order to test the aggressiveness 

level and the capacity for interference competition of these two native species against the 

Argentine ant, in three possible scenarios: (1) dyad interactions, (2) symmetrical group 

interactions, and (3) asymmetrical group interactions. 

 

Finally, the process of L. humile invasion was followed in relation to (1) abiotic factors 

(i.e. air temperature, relative humidity and precipitation), and (2) changes in the structure 

of the forests experienced in our study area during the monitored years, in order to identify 

which of them could be influencing the spread of this ant species. 

5.2 METHODS 

5.2.1 STUDY AREA 

The spread of the Argentine ant was assessed in three invaded cork oak secondary forest in 

the northeast of the Iberian Peninsula. Two of them were located in the Gavarres Massif: 

one in the Municipality of Santa Cristina d’Aro (41°49'24"N 3°00'18"E), and the other in 
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Pedralta, Municipality of San Feliu de Guíxols (41°47'31"N 2°58'52"E). The third one was 

located in the Cadiretes Massif, in Puntabrava, Municipality of Tossa de Mar (41°46'30"N 

2°59'54"E). 

 

During the sampling period, a contrasting climatic scenario was observed in the study area. 

The first year of sampling (2009) was warm and dry (377.7 mm of cumulative 

precipitation), with an air temperature above the climatic mean, constituting one of the 

warmest years in the past decades. In contrast, 2010 was one of the coldest years in the 

past two decades, with temperatures below the climatic mean (until -1 °C in the Costa 

Brava), and was very rainy (928.9 mm of cumulative precipitation). 

 

In addition, an exceptional heavy snowfall event took place at the beginning of March 

(between 20 and 70 cm snow depth) (Generalitat de Catalunya 2011) which caused severe 

damages to the forest structure (Consorci de les Gavarres 2007) from our study sites. To 

analyse the influence of these environmental factors, we took data of monthly temperature, 

relative humidity, and precipitation from the closest meteorological station (Castell d’Aro), 

which are available in the web site of the Servei Meteorològic de Catalunya (Generalitat de 

Catalunya 2011). 

5.2.2 TRANSECT ESTABLISHMENT 

First of all, the identification of the Argentine ant invasion limit (referred to as “front” or 

“edge”) in each forest was carried out through bait sampling. For this purpose tuna and 

marmalade baits were placed every four metres on 120 m long random transects, and the 

invasion limit was identified by the last bait occupied by Argentine ants. After identifying 

the front path, a pair of permanent transects that crossed perpendicularly the L. humile 

front from non-invaded to invaded areas were set in each study site, with a minimum 

distance of 50 m between each other, setting a total of six transects. 

 

The beginning of the transects were set out in the edge of the invasion, inside the plots that 

had been delimited before on each study site front (see section 2.2), having one of them 

starting at the control plot (Cct) and the other one starting at the extirpated plot (Cex). The 
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length of the permanent transects varied between sites, depending on their extent and 

topographic constraints, as well as on the contraction-expansion of Argentine ant 

populations. 

 

In case the Argentine ant occupied the whole transect, extra baits were added in the next 

sampling along the invading direction until no Argentine ant was recorded. A total of 

16827 baits were placed during the study, finding ant individuals in 3401 of those baits, 

from which 1124 were located in Santa Cristina d’Aro, 1502 in Pedralta, and 775 in 

Puntabrava front.  

5.2.3 ANTS SAMPLING 

Bait sampling was carried out every two months to measure the extent (at the meter scale) 

of the Argentine ant invasion and to observe interactions between local and Argentine ants. 

Baits are commonly used to survey ant faunas (Hölldobler & Wilson 1990), and are useful 

to study agonistic interactions in ants (Cerdá et al. 1997; Holway 1999).  

 

The baits used consisted of a teaspoon of tuna and peach marmalade mixture, representing 

a source of lipids, proteins, and carbohydrates (Holway 1998b). They were placed on a 

piece of white recycled paper, and positioned every four meters on the transect, following 

the methodology used by Holway (1998b). The sampling was made between 9 and 11 h, 

10 and 12 h, or 11 and 13 h depending on the season (early in the hottest months and late 

in the coldest), but trying always to cover the hours of peak activity. All transects were 

sampled during the same week every two months, from January 2009 to November 2010. 

 

After two hours of action, all the ants present on the baits were identified and counted. 

When two or more ant species were found sharing baits, we recorded any kind of 

interaction happening between them, as well as the side of the bait (upper or underside) 

where every ant species was situated. Behavioural interactions on baits were categorized as 

(1) non-aggressive, when two or more species were sharing the bait but no aggressive 

interaction was observed; (2) submissive, when the attacked species folded the antennae 

and legs against the body and remained motionless until the attack stopped; (3) escape, 
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when after contact, one or both species retreated rapidly in opposite directions; or (4) 

aggressive, when biting, pulling, abdomen curling or fighting between species happened. 

After this observation, voucher specimens of unrecognized ant species were collected from 

around the bait with featherweight forceps and preserved in labelled vials with alcohol for 

later identification in the laboratory.  

5.2.4 TRANSECT DATA ANALYSIS 

To ensure the reliability of the statistical analysis at transect level, the numbers of baits 

were standardized to have the same amount of them in the non-invaded and invaded areas. 

For instance, if the transect had 30 baits in the non-invaded area and 35 in the invaded 

area, the five invaded area baits which were the more distant from the invasion front were 

excluded (as made by Roura-Pascual et al. 2010). This standardization was necessary to 

correctly assess changes in the native ant communities between these two areas. 

 

The overall abundance of native ants was calculated as the mean of the sums of 

abundances of all native species, for each transect area (invaded and non-invaded). Native 

ant richness and diversity (Shannon Index) were calculated as well for each area of each 

transect, and abundance, richness and diversity values were compared between areas and 

seasons, using generalized linear mixed models (GLMMs), which are adequate to analyse 

non-normal data when random effects are present (Bolker et al. 2008). The Poisson error 

distribution and log link function were used for richness and abundance comparisons; the 

Gaussian error distribution and identity link function for diversity comparisons. Sites 

(forest fronts) were included as a random factor in both cases in order to control possible 

site-based differences. In addition, a generalized linear model (Poisson distribution, log 

link) was used to test changes in the native ant abundance in relation to the Argentine ant 

mean abundance in transects. 

 

To analyse the influence of the biotic factors (i.e. interactions with native ants) on the 

spread of the Argentine ant, four measurements characterizing the native community were 

made. The first one was native ant mean density as a measure of their abundance, which 

was calculated as the mean number of workers present in the non-invaded area of each 
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transect. The second one was the Simpson Evenness Index (SI), calculated as: SI =

1/S(∑�	

), where S is the total species richness and pi  the proportion of individuals of a 

species i present in the non-invaded area (Magurran 1988). This index takes into account 

information on species richness and relative abundance of each species and ranges between 

0 and 1, with 1 representing complete species evenness. 

 

The third and fourth measurements were the temporal and spatial turnover (beta diversity) 

of native ants (Lennon et al. 2001; Koleff et al. 2003) at transect level, expressed by the 

Jaccard index (βJ), calculated as: βJ = number of shared species ÷ total number of species. 

To measure the spatial turnover this index was calculated between areas (invaded and non-

invaded), and to measure the temporal turnover it was calculated for the non-invaded area 

between years 2009 vs. 2010. Beta diversity, which is the species turnover or change in the 

identity of species, is a measure of the difference in species composition between two or 

more local assemblages, and as beta diversity increases, individual localities differ more 

markedly from one another (Koleff et al. 2003). 

 

The relationship between these biotic factors and the annual rate of spread of L. humile was 

analysed with a linear mixed-effects model including transects as random factors and using 

normal distribution to model the error structure of the data, since the response variable 

“rate of spread” had a normal distribution (Shapiro-Wilk test, p = 0.94).  

 

In addition, to know if extirpation had had an effect on the Argentine ant abundance, 

transect sections that crossed the control and experimental plots studied in Chapter 3 (with 

and without winter aggregations extirpation) were analysed by means of GLMMs, using 

Poisson distributions to model the error structure of the data and assuming the log link 

function. Treatment was included as the fixed factor and site (forest fronts) as a random 

factor. GLMMs were fitted by maximum likelihood, implemented within the MASS 

package (Venables & Ripley 2002) for R (R Development Core Team 2011).  

 

To test the relationship between the abiotic factors: mean environmental temperature (°C), 

relative humidity (%) and precipitation (mm) with the bimonthly abundances of the 

Argentine ant and native ants, we performed linear regressions. Abundances values were 
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log transformed to achieve normality. Finally, in order to assess if the habitat perturbations 

caused by the snowfall (that took place on 8 March 2010) influenced the spread of the 

Argentine ant, we compared the values of the spread measured two weeks after the 

snowfall, between 2009 and 2010, with a Wilcoxon signed-rank test. These analyses were 

performed with SPSS version 15.0.1. 

5.2.5 ANT COLONIES SAMPLING 

Colony fragments of L. humile, C. lateralis and C. scutellaris were collected in the 

Pedralta study site, located in the Municipality of Sant Feliu de Guíxols (41°47'31"N 

2°58'52"E), Catalonia, Spain. Native ant fragments were collected in the non-invaded area 

and had approximately 100 individuals each, and Argentine ant colonies were collected in 

the invaded area and had approximately 200 individuals each. Two colony fragments were 

collected per species at the end of August 2010; in the middle of June 2011 one fragment 

per native species and two of the Argentine ant were collected. 

 

In the laboratory, colonies were maintained in plastic boxes lined with 

polytetrafluoroethylene to prevent ants from escaping. Each box contained a moist plaster 

nest and some of the original nest material on one side, and a foraging area on the other 

side with access to water, honey and tuna. 

5.2.6 AGGRESSIVENESS TESTS AND DATA ANALYSIS 

Following the protocol of Buczkowski & Bennet (2008), all behavioural assays were 

conducted in a neutral arena, which consisted in a 2 cm high and 8.7 cm diameter plastic 

Petri dish coated with polytetrafluoroethylene on its sides. Ants were collected from the 

nest and let into Petri dishes to allow them to calm down for 5 minutes, after which the 

groups of workers were combined by gently emptying ants from one dish into the selected 

arena. 

 

Behavioural assays were videotaped and the ant interactions scored using the following 

categories in order to rank the aggression: 1 = touch (contacts that included antennation 

and/or ignore), 2 = avoid (contacts that resulted in one or two ants retreating rapidly in 
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opposite directions), 3 = aggression (a brief expression of one of the following behaviours: 

lunging, biting and/or pulling legs or antennae), 4 = fighting (prolonged aggression, also 

abdomen curling to deposit defensive compounds) (Suarez et al. 2002; Blight et al. 2010). 

 

The dyad interactions and symmetrical assays were performed in September 2010, and the 

asymmetrical assays in June 2011. In all assays, individual ants were not tested in more 

than one trial. 

Assay 1: dyad interactions 

The objective of this one-on-one assay was to quantify the aggressiveness level between 

workers of the two native species and the Argentine ant. For this purpose, a dyad of 

workers (L. humile vs. C. lateralis and L. humile vs. C. scutellaris) was confronted for 15 

minutes, during which the frequency and duration of each behavioural interaction were 

registered, as well as the maximum score per trial, fight initiator, fight winner (a species 

was considered winner when it killed the other one), and the techniques employed by both 

species (i.e. physical aggression, chemical defences, or both). 

 

The overall aggression value (AV) exhibited in each encounter was calculated with the 

following formula (Errard & Hefetz 1997):  

AV =
∑ ��� · ���
	��

�
 

where BIi and ti are the behavioural interaction scale value and duration of each act 

respectively, and T is the total interaction time defined as the sum of times in which the 

ants were in physical contact.  

 

The aggressiveness level of each species was calculated then as the average of the 

aggression values from 10 replicates, for each pair of species, and the intensity of 

aggression exhibited by each opponent in the confrontation was calculated using only the 

scale values of interactions considered as aggressive behaviours (levels 3 and 4). 

Comparisons of the aggressiveness level of the ant species were made with generalized 

linear models, using Gaussian distribution to model the error of the data and assuming the 

identity link. 
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Assay 2: symmetrical group interactions 

This assay aimed to test the competitive ability of the two native species against the 

Argentine ant in equal size group fights. Ten workers of each species were randomly 

selected and confronted (L. humile vs. C. lateralis and L. humile vs. C. scutellaris) in the 

arena. The behavioural interactions were monitored during a 10 s scan every 2 min for 20 

min, and then another 10 s scan 40 min, 1 h, 2 h, 3 h, 4 h and 5 h after the test began. 

 

Interactions were classified with the same scale of aggression as the one used for the dyad 

assay. The maximum score per trial was registered, and the average behavioural index per 

species was calculated between seven replicates made for each pair of species. The number 

of dead workers at each time point was recorded as well. 

Assay 3: asymmetrical group interactions 

Due to the high abundance of the Argentine ant in invaded areas, which is on average four 

to ten times higher than that of native ants (Holway 1998a), it could be expected that in 

situ, the proportion of L. humile workers involved in a fight are three, four or more times 

the number of workers of the antagonist species. For this reason, a third bioassay was 

conducted, with a relation of 20:5 workers (20 for L. humile, 5 for C. lateralis and C. 

scutellaris. The same protocol as the one used for the symmetrical group interactions was 

followed and the same observations were registered.  

 

To compare the maximum aggression scores showed by L. humile against native species 

between the symmetric and asymmetric group assays, generalized linear models (GLM) 

were run using Gaussian error distribution and identity link. The mean numbers of dead 

workers between pairs of species were compared as well for each of the group assays, by 

means of GLMs, using Poisson distribution and the log link function. Statistical analyses 

were made with R version 2.14.2 (R Development Core Team 2011) and SPSS version 

15.0.1. P-values smaller than 0.05 were considered as significant. 
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5.3 RESULTS 

5.3.1 RATE OF SPREAD OF THE ARGENTINE ANT  

After transects standardization, the final number of utilized baits in invaded and non-

invaded areas (and in which ants were found) was 2484, from which 664 were placed in 

Santa Cristina d’Aro, 638 in Puntabrava, and 1182 in Pedralta front. Taking into account 

previous studies made in the same zone (Casellas 2004; Roura-Pascual et al. 2010), the 

rate of spread of the Argentine ant was calculated comparing the data taken in July (2009 

vs. 2010), when this species has its highest period of activity. The mean annual rate of 

spread found was 50.7 m ± 14.6 SE. Periods of expansion and retraction of the invasion 

through the sampled years, and the resulting effective spread are shown in Figure 5.1.  
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Figure 5.1. Argentine ant cycle of spread throughout 2009 and 2010. The solid line shows the 
bimonthly expansion/retraction cycle of the invasion, and the dotted line shows the resulting 
bimonthly spread of the invasion (average values of six transects). 
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The mean abundance of L. humile followed the expected seasonal change, rising between 

spring and summer and then falling until winter, and was significantly different between: 

Winter vs. Autumn (GLMM: t = 2.06, p = 0.05), Winter vs. Spring (GLMM: t = 3.26, p < 

0.01), Winter vs. Summer (GLMM: t = 4.13, p < 0.0001), Spring vs. Summer (GLMM: t = 

2.73, p < 0.05), and Autumn vs. Summer (GLMM: t = 2.13, p < 0.05). 

 

The Argentine ant abundance was lower in transect sections that crossed plots which 

received the winter aggregations extirpation treatment (compared to control plots sections), 

although not significantly (GLMM: t = - 1.49, p > 0.05). 

5.3.2 INFLUENCE OF BIOTIC, ABIOTIC, AND HABITAT PERTURBATIONS 

FACTORS 

Regarding the Argentine ant, none the biotic factors analysed, i.e. density of native ants, 

spatial turnover, temporal turnover, and Simpson index, seemed to influence significantly 

the rate of spread of the Argentine ant (GLMM: p > 0.05). From the abiotic factors 

analysed: precipitation (mm), relative humidity (%), and air temperature (°C), only air 

temperature showed a direct influence on the Argentine ant bimonthly abundance (R2 = 

75.45 %, p < 0.001). 

 

Abiotic factors also seemed to affect native ant abundances. Both native ant abundances 

from invaded and non-invaded transect areas showed a direct relationship with air 

temperature (r invaded = 0.67, p < 0.05; r non-invaded = 0.8, p < 0.01), and an inverse 

relationship with relative humidity (r invaded = - 0.65, p < 0.05; r non-invaded = - 0.72, p < 0.05). 

 

Values of the Argentine ant spread before and after the habitat perturbations caused by the 

snowfall event, were significantly lower in March 2009 compared to March 2010 (Z = -

2.2, p = 0.03). Mean values (± SE) of the effective spread in 2009 were 7 m (± 17), and in 

2010 were 70 m (± 37). 
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5.3.3 PRESENCE AND ABUNDANCE OF NATIVE ANTS ACCORDING TO TRANSECT 

AREAS 

We recorded a total of 21 native ant species, from which Pheidole pallidula (Nylander), 

Plagiolepis pygmaea (Latreille), Aphaenogaster subterranea (Latreille) and Crematogaster 

scutellaris (Olivier) were the most abundant respectively. Table 5.1 shows the mean 

abundance ± SE of each ant species found by transect area (invaded and non-invaded).  

 
 
Table 5.1. Mean abundance ± SE of native ant species found by transect area (from 
January 2009 to November 2010). 
 

Subfamily Species 
Transect area 

Non-invaded Invaded 

Myrmicinae Aphaenogaster subterranea (Latreille, 1798) 545.0 ± 179.8 21.2 ± 11.7 

 Crematogaster scutellaris (Olivier, 1792) 334.0 ± 70.3 34.2 ± 19.8 

 Crematogaster sordidula (Nylander, 1849) - 10.2 ± 10.2 

 Myrmica specioides Bondroit, 1918 23.5 ± 22.7 - 

 Pheidole pallidula (Nylander, 1849) 1603.7 ± 337.3 208.3 ± 118.8 

 Solenopsis sp. 5.0 ± 4.2 4.5 ± 4.1 

 Temnothorax lichtensteini (Bondroit, 1918) 7.8 ± 6.7 2.7 ± 1.1 

 Temnothorax rabaudi (Bondroit, 1918) 0.7 ± 0.7 0.3 ± 0.3 

 Temnothorax racovitzai (Bondroit, 1918) 5.3 ± 1.8 21.3 ± 17.4 

 Temnothorax sp. 1 0.2 ± 0.2 - 

 Tetramorium semilaeve André, 1883 41.7 ± 41.7 - 

Formicinae Camponotus cruentatus (Latreille, 1802) 18.2 ± 4.2 - 

 Camponotus lateralis (Olivier, 1792) 9.6 ± 2.9 11.7 ± 7.8 

 Camponotus piceus (Leach, 1825) 0.2 ± 0.2 0.3 ± 0.3 

 Camponotus truncatus (Spinola, 1808) 0.3 ± 0.2 0.8 ± 0.5 

 Cataglyphis piliscapus (Forel, 1901) 1.8 ± 1.6 0.2 ± 0.2 

 Formica gerardi Bondroit, 1917 24.7 ± 7.1 5 ± 3.2 

 Formica subrufa Roger, 1859 8.0 ± 5.1 6.6 ± 4.2 

 Lasius cinereus Seifert, 1992 14.3 ± 14.1 - 

 Lasius emarginatus Olivier, 1792 6.7 ± 5.7 - 

 Plagiolepis pygmaea (Latreille, 1798) 339.3 ± 156.4 309.7 ± 165.6 
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Native ant abundance was significantly higher in non-invaded than in invaded areas 

(GLMM: t = 5.45, p < 0.0001), as was native ant richness (GLMM: t = 3.64, p < 0.01). 

Native ant abundance in the non-invaded area followed the same seasonal pattern as the 

one from the Argentine ant throughout the sampled years. In contrast, in the invaded area, 

native ants presented lower abundance values without marked changes between seasons, 

although with a slight increment in spring. 

 

Figure 5.2 compares the abundances of Argentine and native ants (from invaded and non-

invaded areas of transects) throughout the sampled years. Changes in the abundance of 

native ants in the invaded area were partially explained by the Argentine ant mean 

abundance, according to the explained deviance of the generalized linear model (Zuur et 

al. 2009): D2 = 70 %, z = -81.42, p < 0.0001).  
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Figure 5.2. Argentine and native ants (from invaded and non-invaded areas) total bimonthly 
abundance from winter 2009 to autumn 2010. 
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5.3.4. ARGENTINE ANT INTERACTIONS WITH OTHER NATIVE SPECIES ON BAITS 

Taking into account all baits placed in transects (without standardization) and in which ant 

species were found, from a total of 3403 baits, only in 267 (7.8 %) two or more ants 

species were found sharing the bait. Native ant species sharing the highest quantity of baits 

were P. pygmaea (112 baits), followed by C. scutellaris (80 baits), P. pallidula (51 baits), 

C. lateralis (44 baits) and Aphaenogaster subterranea (41 baits).  

 

L. humile was registered in a total of 956 baits, and was found sharing the bait in 42 of 

them (4.4 %), with one or more species, including Plagiolepis pygmaea (Latreille), 

Camponotus lateralis (Olivier), Temnothorax racovitzai (Bondroit), Temnothorax 

lichtensteini (Bondroit), Camponotus truncatus (Spinola) and P. pallidula (Nylander). 

 

However, sometimes native species were relegated to the underside of the bait. Indeed, 

since the bait was placed on bond paper, some of the moisture and oil from the tuna 

traversed the paper, making possible for the ants to forage some of the liquid on this side. 

The identity of the species sharing the bait with L. humile, together with the number of 

shared baits and the placement on the bait are shown in Table 5.2. 

 

 

Table 5.2. Native ant species found sharing baits with the Argentine ant, with the number 
of baits shared, position on the bait, adopted behaviour if attacked, and number of L. 

humile workers. 
 

Species sharing the bait No. baits Position on the bait Behaviour L. humile abundance 

Plagiolepis pygmaea 24 upper and underside submissive ≤ 80 

Camponotus lateralis 6 upper side escape ≤   5 

Temnothorax racovitzai 6 upper and underside submissive ≤ 10 

Temnothorax lichtensteini 3 upper and underside submissive ≤   6 

Camponotus truncatus 2 upper side escape ≤   6 

Pheidole pallidula 2 underside aggressive ≤   4 

 

 



Factors influencing the spread of the Argentine ant 

87 

Normally, L. humile shared the bait when it was present in low abundances (less than 10 

individuals on the bait), even though it presented high abundances when sharing with P. 

pygmaea. Most native ant species showed a submissive behaviour when in contact with the 

Argentine ant on the bait, and in case of attack, the Temnothorax species and P. pygmaea 

folded the antennae and legs against the body and remained motionless until L. humile 

stopped the aggression.  

 

The Camponotus species instead, moved rapidly away (escape) to avoid physical contact 

with the Argentine ant. P. pallidula was the only native species that adopted an aggressive 

behaviour when in contact with L. humile, so the sharing was possible thanks to its position 

on the underside of the bait, which limited the contact between these two species. This 

happened when both species were present in low abundances; otherwise, if P. pallidula 

had high densities of workers and soldiers on the bait, it normally repelled the Argentine 

ant individuals from the bait and vice versa. 

5.3.5 AGGRESSIVENESS TESTS 

Assay 1: dyad interactions 

The maximum aggression score of L. humile against C. scutellaris was significantly higher 

than the one obtained against C. lateralis (GLM: t = 2.86, p < 0.05). When L. humile and 

C. lateralis were confronted, the maximum aggression score was on average 1.9 ± 0.4 SE. 

The aggressive interactions were brief and never over level 3. The total number of 

interactions was 63, from which only three were aggressive interactions, all of them 

physical and initiated by C. lateralis, and without any death of workers at the end of the 15 

min. 

 

Between L. humile and C. scutellaris the maximum aggression score was on average 3.1 ± 

0.2 SE. A total of 72 interactions were counted, 33 of which were aggressive interactions. 

C. scutellaris initiated 23/33 (69.7 %) aggressions, whereas L. humile initiated 10/33 (30.3 

%) (df = 1, p = 0.002, Fisher’s exact test), but none of them ended in the death of any 

worker. 
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Regarding the aggression techniques, C. scutellaris employed physical aggressions in 

22/23 (95.7 %) interactions, and chemical aggressions in just one of them (4.3 %). 

Meanwhile, L. humile employed physical aggressions in 2/10 (20 %) interactions, and 

chemical aggressions in 8/10 (80 %) (df = 1, p < 0.0001, Fisher’s exact test). Only C. 

scutellaris used both types of aggression simultaneously in one replicate (10 %). 

 

The average of the aggressiveness level was significantly higher for C. scutellaris (2.4 ± 

0.3 SE) than for C. lateralis (1.3 ± 0.3 SE) (GLM: t= 2.54, p < 0.05). L. humile showed as 

well a significantly higher aggressiveness level when confronted to C. scutellaris (2.5 ± 

0.2) than when confronted to C. lateralis (1.5 ± 0.3 SE) (GLM: t = 3.13, p < 0.01).  

 

The mean intensity of aggression (calculated with levels 3 and 4 only) of L. humile was 

zero when confronted to C. lateralis, whereas it was in the upper limit (3.8 ± 0.6 SE) when 

it was confronted to C. scutellaris. In addition, C. lateralis showed an intensity of 

aggression of 3.0 ± 0.0 SE and C. scutellaris 3.1 ± 0.0 SE. 

 

Finally, the most common non aggressive behaviour observed was “escape” (level 2) with 

75.9 % of all the non-aggressive encounters between C. lateralis and L. humile, and 92.5 % 

between C. scutellaris and L. humile. 

Assay 2: symmetrical group confrontation 

Since it was very difficult to measure the time of each interaction due to the quantity of 

individuals on the arena (10 individuals per species), the aggressiveness level of each 

species was not calculated. The maximum aggression score was 4 in all confrontations 

between the two pairs of species, which is significantly higher in comparison with the one-

to-one bioassay for L. humile vs. C. lateralis (GLM: t = 4.99, p < 0.001) and L. humile vs. 

C. scutellaris (GLM: t = 3.19, p = 0.001). 

 

Figure 5.3 shows the average cumulative number of dead workers throughout time. When 

L. humile and C. lateralis were confronted, the latter suffered no loss of workers, but some 

individuals ended with mutilations of antennae or legs. In the case of C. scutellaris, some 
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individuals ended mutilated and only two died (in total). In contrast, all the individuals of 

L. humile ended dead. 
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Figure 5.3. Average cumulative number of dead and/or mutilated workers (± SE in whiskers) of 
ant species (Lh: L. humile, Crs: C. scutellaris, Cal: C. lateralis) confronted in symmetrical groups 
of 10 individuals (n = 7). 

 

Between L. humile and C. lateralis the difference in the mean number of dead workers was 

significant at the end of the assay (GLM: t = -4.42, p < 0.0001), with an average of 7.9 ± 

1.1 SE individuals for L. humile and 1.1 ± 0.5 SE individual for C. lateralis (among dead 

and mutilated individuals). Equally, between L. humile and C. scutellaris, the mean 

number of dead workers were significant different (GLM: z = -5.81, p < 0.001), with all 10 

individuals dead for L. humile and 1.0 ± 0.2 SE individual for C. scutellaris (dead along 

with mutilated individuals). 

 

Regarding the aggression techniques, L. humile employed physical aggressions in 55/58 

(94.8 %) confrontations, chemical defence in 1/58 (1.7 %), and both types of aggression 
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simultaneously in 2/58 (3.4 %) when confronted to C. scutellaris (df = 2, p < 0.0001, 

Fisher’s exact test), while the latter employed physical aggressions in 24/28 (85.7 %) 

confrontations, and chemical defence in 4/28 (14.3 %) (df = 1, p = 0.001, Fisher’s exact 

test). When confronted to C. lateralis, L. humile employed physical aggressions in 25/27 

(92.6 %) interactions, and chemical defence in 2/27 (7.4 %) (df = 1, p < 0.0001, Fisher’s 

exact test), while, C. lateralis used only physical aggressions 16 times (Figure 5.4). 

 

 

 

Figure 5.4. Total frequency of physical, chemical or both defences techniques used during 
symmetrical group confrontations (n = 7) by L. humile against C. lateralis (Lh vs. Cal), C. lateralis 
against L. humile (Cal), L. humile against C. scutellaris (Lh vs. Crs), and C. scutellaris against L. 

humile (Crs). 

 

Assay 3: asymmetrical group confrontation 

For this assay, 20 Argentine ant individuals were confronted against five native ant 

individuals. The maximum aggression score was 4 in all trials for the two pair of species. 

In total, no workers of C. lateralis ended dead and just one individual ended mutilated 

(with an antenna broken). Additionally, three workers of C. scutellaris ended dead and ten 

ended mutilated. All L. humile workers ended always dead, and there were more dead 
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individuals when confronted to C. lateralis than to C. scutellaris, which differs from the 

results obtained in the symmetrical group confrontations (Figure 5.5).  
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Figure 5.5. Average cumulative number of dead and/or mutilated workers (± SE) of ant species 
(Lh: L. humile, Crs: C. scutellaris, Cal: C. lateralis) confronted in asymmetrical groups (n = 7). 

 

At the end of the assay between L. humile and C. lateralis, differences in the mean number 

of dead workers were significant (GLM: z = -4.92, p < 0.001), with an average of 19.9 ± 

0.1 SE individuals for L. humile and 0.1 ± 0.1 SE individual for C. lateralis (taken into 

account the mutilated individual). Equally, between L. humile and C. scutellaris, the mean 

number of dead workers were significant (GLM: z = -6.39, p < 0.001), with an average of 

12.6 ± 1.4 SE individuals for L. humile and 2.0 ± 0.4 SE individuals for C. scutellaris. 

 

A total of 78 aggressive interactions were counted between L. humile and C. lateralis, from 

which 71 (91 %) were physical aggressions and 7 (9 %) were chemical defences (df = 1, p 

< 0.0001, Fisher’s exact test). In addition, when L. humile and C. scutellaris were 

confronted, 73 aggressive interactions were counted, from which 54 (74 %) were physical 



Chapter 5 

92 

aggressions, 10 (14 %) were chemical defences and 9 (12 %) involved both types of 

aggression simultaneously (df = 2, p < 0.0001, Fisher’s exact test). 

 

Regarding the aggression techniques employed by the different species, L. humile used 

physical aggressions in 26/30 (86.7 %) interactions, and chemical defences in 4/30 (13.3 

%) interactions with C. lateralis (df = 1, p < 0.001, Fisher’s exact test), and the latter 

employed physical aggressions in 45/48 (93.8 %) interactions and chemical defences in 

3/48 (6.2 %) interactions (df = 1, p < 0.0001, Fisher’s exact test). In contrast, L. humile 

employed physical aggressions in 33/38 (86.8 %) confrontations, chemical defence in 2/38 

(5.3 %) and both types of aggression simultaneously in 3/38 (7.9 %) when confronted to C. 

scutellaris (df = 2, p < 0.0001, Fisher’s exact test). Finally, C. scutellaris employed 

physical aggressions in 21/35 (60 %) interactions, chemical defences in 8/35 (22.9 %) and 

both types simultaneously in 6/35 (17.1 %) (df = 2, p < 0.001, Fisher’s exact test) (Figure 

5.6). 

 

 

 

Figure 5.6. Total frequency of physical, chemical or both defences techniques used during 
asymmetrical group confrontations (n = 7) by L. humile against C. lateralis (Lh vs. Cal), C. 

lateralis against L. humile (Cal), L. humile against C. scutellaris (Lh vs. Crs), and C. scutellaris 

against L. humile (Crs). 

0

10

20

30

40

50

Lh vs. Cal Cal Lh vs. Crs Crs

Physical

Chemical

Both

F
re

qu
en

cy

Species



Factors influencing the spread of the Argentine ant 

93 

Finally, both in symmetric and asymmetric assays, the Argentine ant showed cooperative 

fighting, in which two to four workers attacked together one individual of the native 

species (usually a few individuals seized the native ant by the legs and antennae while 

another one was biting it in the body several times). In the case of native ants, the 

cooperative fighting was not observed and only a few times two workers pushed away an 

Argentine ant individual at the same time.  

5.4 DISCUSSION 

This study helped to understand how native ants respond to the invasion by the Argentine 

ant. The differences found in native ant richness between invaded and non-invaded areas 

confirm that native species disappear to a certain extent as a consequence of the L. humile 

invasion. Some of the remaining species, especially the most dominant, suffer a sharp 

decline in their abundance, but some others become more abundant with the invasion, 

probably due to a less intense competition for resources. These changes transform 

gradually the original ant community, as the presence of the Argentine ant increases, 

removing mainly the dominant species and letting remain the most cryptic and 

subordinated ones (Chapter 3). The remaining native community loses therefore its original 

structure, which destabilizes its dynamics and makes it weaker against any kind of 

disturbance. In fact, the lack of dominant species makes an ant community more likely to 

suffer invasions by highly competitive exotic species (Andersen 1997). 

 

Regarding the level of aggression of native ant species, the results obtained from the 

aggressiveness tests agree with those of Holway (1999), who found a clear disparity 

between the worker-level and the colony-level interference abilities of the Argentine ant. 

In one-on-one interactions on baits, he found that Argentine ants experienced mixed 

success in overcoming native-ant workers, and this variation was unrelated to the body size 

of native ants. This is explained by the common use of chemical defensive compounds by 

ants, for which their dominance hierarchies are not always strictly a function of worker 

body size (Fellers 1987).  
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At the colony level, however, Argentine ants were highly effective at interference 

competition, displacing a majority of native ant colonies from baits, which was linked to 

the numerical advantage resulting from large colony size. In the present study, the 

Argentine ant was less aggressive than the native ants in the dyad interactions, and its level 

of aggressiveness was directly related to those of the opponent, with a generally stronger 

response when the attack was chemical. For the symmetrical and asymmetrical assays the 

same tendency of aggression was found, although L. humile was the species starting more 

frequently aggressive interactions.  

 

Another interesting finding was that in both types of group encounters, the Argentine ant 

showed cooperative fighting (more than one worker attacked one individual of the native 

species) whereas native ants barely helped each other. The capacity of fighting in groups 

has been considered as a successful strategy of competition, since the workers decrease the 

risk of injury or death, rapidly kill enemies and create a numerical advantage (Blight et al. 

2010). As a matter of fact, Buczkowski and Bennett (2008) consider that the ability to 

cooperate and the use of efficient defence techniques are some of the most important 

factors in wins by Argentine ant against a native species. 

 

Nevertheless, and probably due to the low number of individuals, the Argentine ant lost 

most of the encounters and had a higher mortality, especially with the most aggressive 

native species. This suggests that native ants offer resistance to the invasion at different 

levels depending on the nature of the species, and this happens especially in the front of 

invasion (where the abundance of L. humile is low), which could be another factor 

explaining the relatively slow rate of spread of the Argentine ant in the present study area. 

 

But although the presence of native ants could slow down the invasion of Argentine ants, 

and native populations may persist in the presence of strongly competitive introduced 

species, invasions may nonetheless increase the risk of extinction for native taxa (Menke et 

al. 2007). Perhaps, this is due in part to the asymmetry in the competitive ability which 

allows the Argentine ants to secure a majority of food resources and therefore to drive 

locally to extinction native ants (Ward 1987; Holway 1998a, b). Additionally, the findings 

of the present study confirm that the invasiveness potential of the Argentine ants lies in the 
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extremely high abundances that they reach once they are well established, as it has been 

suggested by many authors (Human & Gordon 1996; Holway 1999; Holway & Case 2001; 

Oliveras et al. 2005a; Walters & Mackay 2005; Heller et al. 2008a). 

 

The observation of behavioural interactions on baits was another way to get a general idea 

of how native ants compete for food resources with the Argentine ant. It provided fast 

information about the responses of native species (aggressive or submissive) against the 

invader, and helped to understand why some native species are being favoured by the 

invasion while others are in decline. Bait observations were in agreement with the 

aggressiveness test, confirming that the most aggressive species are also the most affected 

by the invasion and that the submissive species are most likely to persist.  

 

Unexpectedly, two of the most aggressive species (C. scutellaris and P. pallidula) shared a 

high number of baits with other native species but not with L. humile, although this could 

be explained by the highly aggressive response shown by the latter against natives, and this 

might be the reason why these two native species had significantly declined after the 

invasion. On the contrary, in the case of P. pygmaea and Temnothorax racovitzai, it is 

evident that their submissive behaviour is the key to resist the invasion. These species used 

an interesting death-feigning behaviour (adopting a pupal posture) to avoid attack from L. 

humile. The thanatosis (death-feigning) is a self-defence method generally used by prey 

species when threatened by a predator (Blight et al. 2010), which could be used by these 

native species to minimize the risk of injury or death. Moreover, these two subordinate 

species together with C. lateralis had an improvement in their abundances in the invaded 

area, probably due to a drop or lack of competitive interactions with dominant ants that 

were diminished or expulsed by L. humile, thus being favoured by the invasion. 

 

Hence, the species that adopt a submissive behaviour, either avoiding contact or death-

feigning when confronted by the Argentine ant, seem to have the greatest possibility to 

survive an attack, and therefore to subsist to the invasion. However, changes in community 

composition, and the fact that only submissive species are able to remain in invaded areas, 

mean that the resistance posed by native ants decrease over time, with the possibility of 

being extinguished if the abundance of Argentine ant grows in large proportions, favoured 
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by climatic conditions or habitat perturbations. Moreover, it has to be considered that the 

transformation of species assemblages due to Argentine ant invasion triggers subsequent 

changes in the forest dynamics, as it happens with pollination (Blancafort & Gómez 2005, 

2006) and myrmecochory (Gómez & Oliveras 2003; Gómez et al. 2003), which affects 

consequently ecosystem processes in the Mediterranean biome. 

 

Regarding the expansion dynamics, the Argentine ant spread was found to be influenced 

by the air temperature, which can be explained by its physiological requirements for 

colony growth and survival (Jumbam et al. 2008). Different studies have found that this ant 

species needs a certain number of degree-days for the complete development of the brood. 

A degree-day is the heat experienced in 24 hours by an insect when the temperature is one 

degree above its lowest development threshold (Abril et al. 2009), and has been used to 

predict the geographical distribution of L. humile (Abril et al. 2009; Pitt et al. 2009; 

Hartley et al. 2010). In fact, Abril et al. (2009) estimated that 599.5 (± 58.5 SE) degree-

days above a developmental threshold of 18.4 (± 0.5 SE) °C were necessary, whereas 

Hartley & Lester (2003) estimated that 445 (± 19 SE) degree-days above 15.9 (± 0.8 SE) 

°C were needed for the brood development. 

 

The rate of spread calculated in the present study (50.7 m ± 14.6 SE) was considerably 

higher than the rate found for this species in a previous study in the same area of Catalonia 

and for similar cork oak forests between 2001 and 2002 (19.0 m ± 6.8 SE (Casellas 2004)) 

which suggests that the expansion of this invasive species is accelerating. Moreover, the 

higher rate of spread found in 2010 could be explained by the difference in the abiotic 

factors (i.e. precipitation and air temperature) between the years sampled. 

 

Spread models from this species have shown that its expansion is limited by climatic 

factors such as temperature and humidity (Krushelnycky et al. 2005; Menke et al. 2007). 

Indeed, L. humile seems most likely to occur where rainfall ranges between 500 and 1500 

mm per year, daily maximum temperature in the hottest month averages 19 to 30 °C, and 

where mean daily temperature at mid-winter is 7 to 14 °C (Hartley et al. 2006). Although 

2009 was a warm year, with an ideal temperature for the Argentine ant, it was also very 

dry (with 378 mm of cumulative precipitation).  
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It is well known that water availability is a limiting factor for the survival of L. humile 

workers (Jumbam et al. 2008), which present a high cuticular permeability, that make them 

suffer important water-loss rates when they are exposed to high temperatures (Schilman et 

al. 2007). This characteristic might be one of the reasons why the spread during 2009 was 

smaller than that of 2010, when a higher precipitation was observed. Moreover, Heller et 

al. (Heller et al. 2008a; Heller et al. 2008b) suggested that heavy rainfall may favour the 

summer dispersion of L. humile, because greater soil moisture increased the number of 

suitable nest locations, and this could be an additional factor that helped the expansion 

during 2010.  

 

Other factors could have enhanced as well the spread in 2010. First of all, there is the 

snowfall event that took place in late winter (8 March 2010), causing severe damages to 

the forest and a strong habitat perturbation (Consorci de les Gavarres 2007). The 

vegetation was unable to resist the weight of the snow and a large quantity of trees, 

especially cork oak and pines suffered branch damages, and those of small diameter fell 

from the root. This perturbation impacted negatively the populations of native ants, given 

that the snowfall occurred when the hibernation period had already finished and the ants 

were starting to forage for food, but the drop in temperatures and the presence of snow 

forced the native ants to return to their nests (pers. obs.). 

 

The decline in competitive interactions with native ants for food and nesting resources, 

which normally starts at the end of the winter in Mediterranean areas (Casellas 2004; 

Carpintero et al. 2007), could be one factor favouring the rapid expansion of the Argentine 

ant during March, given that this species is able to continue its foraging activity under low 

temperatures (Abril et al. 2007; Brightwell & Silverman 2011). However, a retraction of L. 

humile expansion was measured in May, linked probably to the competition with native 

ants, which showed an increment in their abundance during this month. But, with the hatch 

of new workers between June and July (Benois 1973), the Argentine ant abundance raised 

strongly, with the consequent increase of its expansion, and the reduction of the abundance 

of native ant species. 
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Ant abundances and assemblages can be affected as well by many other types of habitat 

perturbations such as fire events (Parr et al. 2004). In a savannah forest of tropical 

Australia, Andersen (1991) found that ant communities from annually burned localities 

were characterized by higher numbers of dominant species of Iridomyrmex (compared to 

unburned localities), and attributed this difference to the structural changes in the habitat 

caused by fire, and in particular to the levels of litter accumulation and isolation on the 

ground. He observed that habitat changes influenced ants directly, but also had important 

indirect effects through their influence on the abundance of dominant Iridomyrmex, and 

therefore on competitive interactions.  

 

Concerning the Argentine ant, although Sanders (2004) found that its abundance 

diminished in the following three months after a fire (a controlled fire set in June 1999 in 

California), in a forest located in Cadiretes, Northern Catalonia, a very high annual rate of 

spread was measured (114 m ± 11 SE) between May 2003 to May 2004, following a fire 

event that took place in January 2003 (J. M. Bas, pers. comm.), which could be attributed 

to the vast changes in the forest structure, and to a drop in competitive interactions, not 

only through the decline of native ants, but also through the decrease of other predatory 

and scavenger arthropods which compete with ants for food resources (Cole et al. 1992; 

Wise 1993; Human & Gordon 1997; Bolger et al. 2000; Holway et al. 2002a). 

 

In our study area, changes in the forest structure could constitute an important factor 

enhancing the spread of the Argentine ant, since habitat loss can facilitate invasions (Brook 

et al. 2008). Following the snowfall, later in July 2010, a second strong perturbation event 

took place, when forest cleaning activities were conducted to extract most part of the wood 

material that had fallen during the snowfall in order to reduce the risk of future fires. 

Several new paths were opened and existing forest tracks were enlarged to facilitate truck 

circulation. At this moment, a peak in the abundance of L. humile was observed and 

coincided with a second peak of expansion. 

 

In fact, a difference in the degree of spread of the Argentine ant was observed from May to 

July between 2009 and 2010, the spread being greater in 2010. The expansion in 2009 was 

fairly similar to that calculated by Casellas (2004), but the one in 2010 had almost a 
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twofold increment, and bigger values of abundance were observed also in July 2010, which 

could be related to the life cycle of the Argentine ant and the added effects of the habitat 

perturbations suffered. Given that it is in April-May that the egg-laying reaches its 

maximum level (Benois 1973), and that at that time the Argentine ant had expanded to new 

territories and likewise had founded new nests, the amount of eggs laid had to be higher, as 

was the subsequent hatch of new workers in June-July, which increased heavily L. humile 

populations. 

 

Additionally, the opened tracks could facilitate the dispersion of this ant providing access 

between invaded and non-invaded areas, or the movement of wood material may have 

allowed the introduction of the Argentine ant into remote non-invaded areas. Therefore, it 

is evident that the Argentine ant benefits from changes in the forest structure either natural 

or caused by human activities. In the present study the habitat perturbations caused by the 

snowfall event and the posterior wood removal activities, contributed to the enlargement of 

the territory invaded.  

 

Natural perturbations produced by changes in weather patterns and anthropogenic 

disturbances resulting from the increasing human presence in peri-urbanizations, as well as 

from different forest management activities (e.g. wood harvesting, paths opening) are 

becoming more frequent in the study area. Those perturbations imply important changes in 

the structural complexity of the forest and the existing microhabitats, and consequently a 

faster expansion of the Argentine ant as an indirect consequence of anthropogenic and 

natural perturbations is to be expected. 
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CHAPTER 6 

 
 
 

ARGENTINE ANT NEST SITE SELECTION AND 

SUITABILITY OF ARTIFICIAL NESTS AS A CONTROL 

TOOL 

 

ABSTRACT 

The Argentine ant is an invasive species that has been introduced worldwide causing 

devastating effects on entire ecosystems. Control strategies might be focused on slowing 

its rate of spread to limit its establishment inside yet non-invaded areas. For this, a better 

knowledge about nest selection is necessary to identify rapidly and accurately nest 

locations where to apply control measures. Herein, nest site selection by the Argentine ant, 

nests’ physical characteristics and their time of longevity were studied, and results showed 

that this species shifts nest locations seasonally in order to keep appropriate microclimatic 

conditions inside nests, nesting mainly underneath rocks during cold and rainy months and 

in tree bases during warmer periods. The terrain features at micro-scale (orientation and 

slope) were found to influence the distribution of the Argentine ant nests beneath rocks. 

Additionally, artificial nests used as a control tool were tested, finding that their use may 

be suitable if they are set in appropriated locations. 

6.1 INTRODUCTION 

The Argentine ant, Linepithema humile (Mayr), is an invasive species that has been 

introduced worldwide in connection to commercial activities, especially in the 

Mediterranean and subtropical zones (Hölldobler & Wilson 1990). Its introduced range 
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includes South Africa, Australia, Chile, South of North America, the Mediterranean, Japan, 

Bermuda, Madeira and Hawaii (Passera 1994; Roura-Pascual et al. 2004). In natural 

ecosystems, L. humile displaces ecologically important native ant species, causing 

devastating effects on entire ecosystems as the ecological function of the native inhabitants 

goes unfulfilled (Erickson 1971; Human & Gordon 1997; McGlynn 1999; Christian 2001; 

Sanders et al. 2001; Sanders et al. 2003). 

 

The Argentine ant seems most likely to occur where rainfall lies between 500 and 1500 

mm per year, daily maximum temperature in the hottest month averages 19 to 30 °C, and 

where mean daily temperature at mid-winter is 7 to14 °C (Hartley et al. 2006). In addition, 

L. humile changes its nest preferences seasonally according to food availability and 

proximity (Heller & Gordon 2006; Heller et al. 2006; Brightwell & Silverman 2011), as 

well as microclimatic conditions of humidity and temperature in the nest location, looking 

for cool and wet sites during summer and warm and dry places in winter (Heller & Gordon 

2006; Heller et al. 2006). 

 

Together with climatic preferences, which are linked to the physiological limitations of the 

species and can therefore predict its potential distribution (Hartley & Lester 2003; 

Krushelnycky et al. 2005; Abril et al. 2009), other factors such as vegetation type, 

topography (Roura-Pascual et al. 2004; Roura-Pascual et al. 2006) and soil type (Way et 

al. 1997; Paiva et al. 1998) can also predict the occurrence of the Argentine ant. However, 

most of the predictive models have been developed at global scale, but control efforts have 

to be done at local scale, making necessary to learn how to detect easily and quickly nests 

locations to save time and efforts and make control measures more cost-effective. 

 

The Argentine ant appears to be unicolonial in every part of its introduced range (Passera 

1994; Way et al. 1997; Krieger & Keller 2000; Tsutsui et al. 2000; Giraud et al. 2002). 

During winter, the spatial array of the colony is contracted, as the nests associated with 

each colony gather into one or more large aggregations, called “composed colonies” 

(Newell & Barber 1913) or “winter colonies” (Benois 1973). During the spring, 

aggregations are slowly abandoned and the ants disperse, budding into many smaller nests 

(Heller et al. 2006). In summer, population size increases and the ants are very active 
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(Krushelnycky et al. 2004), moving nest sites frequently (Benois 1973) and continuing to 

spread, by budding into new areas. In late autumn, when temperature drops, the ants move 

back to nest aggregation sites from the previous winter (Heller & Gordon 2006; Heller et 

al. 2006). These changes in nest sites produce consequently changes in queen density, the 

greatest density per litre of nest soil being observed in winter, between December and 

March approximately (Abril et al. 2008a). 

 

Several strategies to control Argentine ants have been tested in agricultural, urban, and 

even natural settings (Soeprono & Rust 2004), most of them involving the use of chemical 

products (e.g. Phillips et al. 1987; Hara & Hata 1992; Harris et al. 2002; Klotz et al. 2002; 

Vega & Rust 2003; Krushelnycky et al. 2004; Rust et al. 2004; Choe et al. 2010). Since 

the Argentine ant is prone to desiccation and requires carbohydrates and proteins to 

support colony growth and maintenance (Ward 1987; Abril et al. 2007), one suggested 

strategy is the identification and elimination of ant resources or habitat modification 

(Reierson et al. 2001), which can generally be accomplished by limiting access to water, 

food and nesting sites inside and around buildings (Reierson et al. 2001; Soeprono & Rust 

2004), but this is not applicable in open natural environments. 

 

Up to now, efforts to eradicate L. humile have had low success, which makes necessary 

new studies to develop other kinds of control approaches that have not been tested on 

Mediterranean populations. Those strategies might be focused on slowing the rate of 

spread of this invasive species to limit its establishment inside yet non-invaded areas, and 

therefore, its negative impact on the whole ecosystem. For this, the extirpation of winter 

nest aggregations, which contain a high density of queens and workers (Abril et al. 2008a) 

has been recommended (see Chapter 3). To implement this control method, it is therefore 

necessary to identify rapidly and correctly suitable places for the Argentine ant to nest, 

firstly to determine if a zone is invaded, and if so, where the invasion is leading to, and 

secondly to perform successfully this control method. 

 

Among ants, nest selection is shaped by two fundamental requirements: optimal conditions 

for brood development and shelter from biotic and abiotic risk factors (Cokendolpher & 

Francke 1985; Blüthgen & Feldhaar 2010). For example, ants from the Formica rufa group 
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construct dome-shaped mounds which, together with large size of nests’ groups are highly 

efficient at thermoregulating through the generation of metabolic heat, thus maintaining 

nest temperature at stable levels even when environmental temperature is below freezing 

(Rosengren et al. 1987). 

 

Orientation, colour, density of construction materials, shape, size and other aspects of nest 

structure promote fitness via amelioration of cold weather and exposure (McCaffrey & 

Galen 2011). In temperate regions, the largest number of ant species nest in the soil 

beneath rocks (Hölldobler & Wilson 1990) to gain defence from large myrmecophagous 

predators and to maintain more stable temperature regimes than those provided by ambient 

conditions (Dean & Turner 1991; Fernandez-Escudero & Tinaut 1999; Tinaut et al. 1999; 

Thomas 2002; Jones & Oldroyd 2007). Rocks can have different thermal conductivities 

and different heat capacities than soil, thereby influencing soil temperature in their vicinity 

(Nobel et al. 1992), acting as insulators during the hottest part of the day and as heat 

sources at night (Jury & Bellantuoni 1976). 

 

Studies on nest selection have shown that some ants have preferences for nesting sites, as 

was found with Proformica longiseta Collingwood, which nested only under rocks and 

showed preferences for flat rocks with specific dimensions (e.g. surface area and thickness) 

(Fernández-Escudero et al. 1993; Tinaut et al. 1999).  

 

Since it has been reported that rock colour can influence the temperature beneath rocks 

(Larmuth 1978 cited in Fernández-Escudero et al. 1993), McCaffrey & Galen (2011) 

manipulated experimentally the temperature of the rocks, painting them white or black, and 

found that Formica neorufibarbis colonies persisted under black rocks which were as 

warm as unpainted control rocks, but abandoned white rocks (cooler), which reinforces the 

idea that rock nesting confers thermal benefits to this and other ant species. 

 

Although some studies have focused on the assessment of Argentine ant nests under rocks 

(Fellers & Fellers 1982; Cole et al. 1992; Ingram 2002b) none of them evaluated if the 

Argentine ant exhibited rock selection for nesting, and if this selection had any relation 

with its seasonal movements. Moreover, and considering the fact that the Argentine ants 
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nest also in a diversity of places such as the base of trees, leaf litter piles (Newell & Barber 

1913) or decaying logs (Fellers & Fellers 1982), this study aimed to investigate if this ant 

species shows nest type selection, and if this selection changes seasonally. Physical factors 

such as orientation (solar exposition), topography (slope of the terrain where the nest is 

located) and canopy cover (%) of nests locations were considered as well, to determine if 

they have an influence on the nest choice, and if the availability of suitable nesting places 

could be another factor driving nest site selection. 

 

Furthermore, an experimental test was conducted to investigate if the Argentine ant could 

be attracted by artificial nests, i.e. bricks and tiles placed intentionally in the forest, instead 

of nesting under natural structures. If that happened, artificial nests could be acting as a 

“nest-trap” and could constitute a possible effective tool for control. 

6.2 METHODS 

6.2.1 STUDY AREA 

In order to assess the nest site selection, nine plots of 12 x 12 m (144 m2) were sampled in 

three invaded secondary cork oak forests situated in the Northeast of the Iberian Peninsula. 

Two of them were located in the Gavarres Massif: one in the Municipality of Santa 

Cristina d’Aro, around the golf camp “El Masnou” (41°49'24"N 3°00'18"E), and the other 

in “Pedralta”, Municipality of Sant Feliu de Guíxols (41°47'31"N 2°58'52"E). The third 

forest was located in the Cadiretes Massif, alongside the Puntabrava housing development 

in the Municipality of Tossa de Mar (41°46'30"N 2°59'54"E). 

6.2.2 SAMPLING DESIGN 

To identify the invasion edge or front, bait sampling was carried out in each forest, placing 

tuna and marmalade baits every four metres on 100 m long random transects, and the 

invasion limit was identified by the last bait visited by Argentine ants. After identifying the 

front path at each one of the three study sites, one plot (called C) was placed in the front 

(edge) of the invasion, at 20 m on average from the localized edge of the invasion, and the 

two others further inside the invaded area, the first one (called I1) at 250 m, and the second 
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one (called I2) at 450 m from the edge on average. In December 2008, all individual nests 

of the Argentine ant found inside the plots, under rocks, twigs, logs and in the base of trees 

were marked with fluorescent spray paint and mapped on a grid subdivided into 1 x 1 m 

squares. 

 

Nests were detected by upturning and immediately replacing rocks, twigs or logs. In the 

case of nests located in the tree base, ant trails were followed down the trunk, until a nest 

entrance was located, and at this place, a gentle movement of the leaf litter was made with 

the help of a garden shovel in order to verify the presence of the nest. Previous 

observations in the study area confirmed that the Argentine ant nests were not greatly 

disturbed by this sampling method, and that nests remained in place after several weeks. 

 

At each plot, all active nests were counted, marked, mapped, and monitored every two 

months until February 2010. Three additional monitoring were done in October 2010, 

December 2010, and February 2011, covering in total one complete year and three 

successive winters. Monitoring was carried out for several winters to determine the 

Argentine ant nest site preferences, especially at this season, since it was found to be the 

period of peak queen density inside nests (Abril et al. 2008a), constituting therefore the 

most suitable time to implement a control method such as nest extirpation. 

 

With the aim of assessing whether rock selection truly occurred, all rocks available and 

rocks used for nesting were sampled. For this, all the rocks with a surface area greater than 

5 cm2 hosting a nest or surrounding one (in a radius of up to 1 m) were measured. Their 

surface (S) was calculated as: S = maximum dimension x minimum dimension, and their 

volume (V) as: V = total surface area x thickness. 

 

Also, sun exposure (orientation) of each rock was recorded. The orientation of a given 

rock/log was considered to be the direction (measured with a compass) towards which the 

main surface of the rock/log was facing. In the case a nest was found in the base of a tree, 

the tree species name and its diameter at breast height (DBH, in cm, measured with a DBH 

tape) were recorded and nest orientation was considered to be the direction towards which 

the nest entrance was facing.  
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Additionally, the slope and the canopy cover of each plot were measured in five points, the 

first one at the centre of the plot and the four others seven meters from the centre, on the 

diagonals of the plot. The canopy cover was measured by means of digital photographs 

analysed with the software Gap Light Analyzer version 2.0, which estimates the canopy 

openness percentage. The canopy cover (CC) percentage was then calculated as: CC (%) = 

100 - Canopy openness (%). 

 

The slope was measured with a clinometer (Abney level), letting the instrument to lay 

parallel to the ground in order to have a direct angle measurement at each nest location. 

Although this method is not completely accurate, and can overestimate the angle measured, 

it is the only one that gives information on the micro-relief variations of the terrain (Gilg 

1973), which was necessary to make comparisons of the slight differences in slope 

between nest locations. 

 

Rocks from our study area are predominantly granites, and very homogeneous in colour, 

with light colour shades ranging from beige to grey. Therefore, neither the colour nor the 

nature of the rocks were considered for analyses. 

6.2.3 SET UP OF ARTIFICIAL NESTS AS TRAPS 

Three varieties of artificial nests acting as nest-traps were set in March 2010, in a plot of 

208 m2 (52 x 4 m) located inside the invaded area of the PD front: six hollow clay bricks 

(B), six partition clay tiles (P) and six concrete tiles (T) (with the rough side in contact with 

the ground) (Figure 6.1).  

 

They were arranged randomly in six different sets (i.e. a total of 18 nest-traps), which were 

separated by 10 m from each other, in order to test their suitability as a nesting place for 

the Argentine ant. Hollow clay bricks measured 28.6 x 13 x 9.5 cm, partition clay tiles 49.5 

x 19.5 x 3.5 cm, and concrete tiles 30 x 30 x 3.5 cm. Bricks and tiles were chosen for this 

experiment because they can be easily found on the market and can be recycled for this 

purpose when they have been accidently damaged and discarded for construction. All nest-
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traps were placed oriented south to homogenize this factor which is known to influence 

nest choice, as was observed by Markin (1970a). 

 

 

Figure 6.1. Artificial nests used: a) Concrete tiles, b) Partition clay tiles, and c) Hollow clay bricks.  

 

Nest-traps and nests surrounding them (under natural structures) were monitored monthly, 

from April 2010 to March 2011. In early March 2011, the entire plot was sampled for 

Argentine ant nests presence under nest-traps, rocks, twigs, logs and in tree bases, and the 

same methodology as for measuring nest availability and selection was followed, taking 

the same measurements from rocks and trees, and evaluating the canopy cover and the 

slope of the terrain at each nest-trap set. 

a) b) c) 
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6.2.4 DATA ANALYSIS 

Generalized linear mixed models (GLMMs) with Poisson error distribution and log link 

were performed to test nest type preferences, tree species preferences, and differences in 

the overall number of nests and the number of nests of each type (trees, logs, and rocks) 

between the areas of invasion C, I1 and I2, at 20 m, 250 m and 450 m from the invasion 

edge respectively. Type of nest and area of invasion were included as fixed factors and site 

(forest fronts) as a random factor with the purpose of controlling possible site-based 

differences.  

 

GLMMs with Gaussian error distribution and log link were performed to test differences in 

rock dimensions (surface, thickness and volume) for the nests located under rocks 

depending on their time of occupancy (number of seasons throughout 2009 and number of 

winters) which was considered a the fixed factor. Additionally, differences in rock 

dimensions between rocks with and without nests were tested using Binomial error 

distribution and the logit link, including the nest presence as the fixed factor. For both 

analyses, sites were considered as a random factor, and rocks that were partially buried 

were not included in the analyses.  

 

Differences in the number of nests between seasons, in accordance to physical variables, 

including canopy cover (%), slope (°) and orientation (°) were tested through GLMMs with 

Poisson error distribution and log link. Moreover, differences in the presence/absence of 

nests underneath rocks in relation to these physical variables within seasons were tested by 

means of GLMMs with binomial distribution and the identity link. In both analyses, 

physical variables were included as fixed factors and site as a random factor. 

 

For the experimental plot, generalized linear models (GLMs) with binomial error 

distribution and logit link were run in order to test if the presence of Argentine ant nests 

was due to the type of nest (traps, trees or rocks) together with the influence of canopy 

cover (%), orientation (°) and slope (°). The same kinds of GLMs were run to test if there 

was a preference for any type of artificial nest (hollow clay bricks, concrete tiles or 

partition clay tiles) and if this preference was influenced by canopy cover, slope and 

orientation of the nest-trap. These analyses were made with data from March 2011, when 
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all types of nests and physical factors were surveyed. An additional GLM with Poisson 

error distribution and log link was performed to test if there was nest-trap preference 

throughout the sampled year (April 2010 to March 2011). All statistical analyses were run 

with R version 2.14.2 (R Development Core Team 2011). 

6.3 RESULTS 

6.3.1 NEST SITE SELECTION 

A total of 310 Argentine ant nests were found in the sampled plots, located preferentially 

under rocks (236 nests), in tree bases (53 nests), and under logs (21 nests). This preference 

was maintained through all the sampled plots and the number of nests from the different 

types differed significantly (GLMM rock vs. log: t = 2.78, rock vs. tree: t = -2.55, log vs. 

tree: t = 3.13; p < 0.02 in all cases).  

 

Additionally, the number of nests found under rocks, logs, or in tree bases varied according 

to the time of the year. This species preferred to nest in the base of trees from June to 

August, and under rocks and logs in winter and spring, although nests under logs were very 

scarce (Figure 6.2).  

 

The preference to nest under rocks was maintained during the three consecutive winters, 

although an important increment in the number of nests was observed during the last 

winter sampled (2010/2011) (Figure 6.3). 
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Figure 6.2. Cumulative abundance of Argentine ant nest types (under logs, rocks and in tree bases) 
for the nine plots sampled bimonthly from December 2008 to December 2009. 

 

 

 

 

Figure 6.3. Differences between the total number of nests found in December 2008, 2009, and 
2010 in the sampled plots, according to the type of nests (rocks, logs and trees). 
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On the other hand, the total number of nests (including nests under rocks, logs, and trees) 

per type of plot -according to the distance from the edge of invasion, were significantly 

different between plots C vs. I2 (GLMM: t = 8.68, p < 0.02), finding higher number of 

nests as the plot was furthest from the invasion edge. Differences in the number of nest 

types by area of invasion can be appreciated in Figure 6.4.  

 

 

 

Figure 6.4. Total number of nest types found according to the invasion area considered (C: 20 m, 
I1: 250 m and I2: 450 m from the edge of invasion). 

 

When only nests underneath rocks were considered, the rock nest density per plot showed 

an increment as the plot was further into the invaded area, having a mean density of 0.07 

nest/m2 in C plots, 0.08 nest/m2 in I1 plots, and 0.39 nest/m2 in I2 plots. Significant 

differences in the number of nests under rocks were found between plots C vs. I2 (GLMM: 

t = 7.38, p < 0.02). 

 

Regarding the nests located in the base of trees, Argentine ants used three different tree 

species throughout the year: Quercus suber L, Pinus pinaster Aiton, and Arbutus unedo L, 

in order of preference (Figure 6.5). The mean DBH from trees sheltering nests was 103.8 

cm ± 17.9 for P. pinaster, and 52.4 cm ± 20.3 for Q. suber. In winter, Q. suber was as well 
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the preferred tree species to nest, although some nests were found in the base of P. 

pinaster.  

 
 

 

Figure 6.5. Comparison of the Argentine ant nests cumulative abundance by tree species from 
December 2008 to December 2009. 

 

Nests located under logs were unusual and were found only in some of the plots sampled. 

Logs used to nest came mainly from fallen branches of Q. suber (90 %) and in a fewer 

proportion from P. pinaster (10 %). They had a mean length of 42.2 cm ± 33.2 SE and a 

mean volume of 3034.5 cm3 ± 6340.2 SE.  

6.3.2. ROCK SELECTION FOR NESTING 

We measured a total of 230 rocks with nests and 188 rocks without nests. The percentage 

of rocks with and without nests in relation to their dimensions, i.e. surface (cm2), thickness 

(cm) and volume (cm3) are shown in Figure 6.6.  
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Figure 6.6. Size frequencies (surface, thickness and volume) of rocks without nest (n = 188) and 
those with nests of L. humile (n = 230). 
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No differences were found between the dimensions of the rocks with and without nests 

(GLMM: p > 0.05 for all dimensions). Most of the nests observed were found under rocks 

with a surface smaller than 50 to 200 cm2, a thickness smaller than 2 to 5 cm, and a volume 

smaller than 200 to 400 cm3. 

 

The time of rock occupancy was measured as the number of seasons a rock was used to 

nest by the Argentine ant from December 2008 to October 2009. Overall, larger rocks 

sheltered nests during a longer period of time. Rocks that were occupied during one or two 

seasons showed a higher variability in their dimensions than those that were occupied 

during three seasons, and only two of the biggest rocks found within the plots sheltered 

nests during the whole year (Figure 6.7).  

 

The dimensions (surface, thickness and volume) were significantly different between rocks 

that were occupied during the whole year and rocks that were occupied for one season 

(GLMM surface: t = 4.42, p < 0.001; thickness: t = 1.95, p = 0.05; volume: t = 4.62, p < 

0.001), two seasons (GLMM surface: t = 3.05, p < 0.01; thickness: t = 2.13, p < 0.05; 

volume: t = 3.44, p < 0.01) or three seasons (GLMM surface: t = 5.42, p < 0.01; thickness: 

t = 3.97, p < 0.01; volume: t = 6.06, p < 0.001). 

 

The same tendency was found when we compared rock dimensions in relation to the 

number of winters that they were occupied for, finding that bigger rocks were mostly used 

in winter. Seventy percent of the rocks used during three winters had a surface between 

104 and 255 cm2, a thickness between 3.5 and 8 cm, and a volume between 364 and 2040 

cm3. 

 

Significant differences were found in rock dimensions between rocks that were not 

occupied at all in winter and those that were occupied for one winter (GLMM surface: t = -

5.06, thickness: t = -4.58, volume: t = -5.13; p < 0.0001) and two winters (GLMM surface: 

t = -3.15, p < 0.01; thickness: t = -3.29, p < 0.01; volume: t = -3.62, p < 0.0001). 

Differences in surface and volume were found as well between rocks that were occupied 

for one winter and those that were occupied for three winters (GLMM surface: t = 4.16, p 

< 0.0001; volume: t = 2.62, p < 0.01). 
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Figure 6.7. Variation in a) Surface, b) Thickness, and c) Volume of the rocks in relation to their 
time of occupancy (No. seasons). Boxes delimitate the lower and upper quartiles, horizontal bars 
denote the median (solid line) and the mean (dashed line), whiskers the minima and maxima, and 
circles the outliers. 
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6.3.3 INFLUENCE OF PHYSICAL FACTORS ON NEST SITE SELECTION 

Our results indicate that the Argentine ant nested preferentially throughout the year in 

terrains with a slope around 14°, a reduced canopy cover (56 % of the nests were found 

with a cover between 0 and 10 %), and oriented mostly south (54.2 % of the nests). The 

nest abundance in relation to the canopy cover (%) was found to be significantly different 

between winter vs. spring (GLMM: t = 2.34, p = 0.02) and winter vs. autumn (GLMM: t = 

2.94, p = 0.004). Nest abundance by season in relation to their canopy cover can be 

appreciated in Figure 6.8. 
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Figure 6.8. Number of nests by season, in relation to their canopy cover (%). Winter: n = 52, 
spring: n = 71, summer: n = 48, autumn: n = 62). 
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Moreover, the canopy cover from nests underneath rocks was significantly different 

between rocks with and without nests in winter and summer (GLMM t winter = -2.32, t summer 

= 1.98; p ≤ 0.05). 

 

Regarding the number of nests in relation to their orientation (°), differences were found 

between spring vs. summer (GLMM: t = - 2.28, p = 0.03) and winter vs. summer (GLMM: 

t = - 2.28, p = 0.02). The relationship between nest abundance and the orientation by 

season can be appreciated in Figure 6.9. 
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Figure 6.9. Number of nests in the surveyed plots by season in relation to their orientation (°). 
Winter: n = 52, spring: n = 71, summer: n = 48, autumn: n = 62). 
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Furthermore, the number of seasons during which a nest was occupied, was consistently 

higher in south-facing nests, this orientation being together with the east-facing orientation, 

the preferred throughout the whole year (from December 2008 to October 2009) (Figure 

6.10). 

 

 

 

 

 

 

 

 

Figure 6.10. Time of occupancy (in number of seasons) of Argentine ant nests in function of their 
orientation, for nests monitored from December 2008 to October 2009. 

 

Slope (°) was evaluated also for nests beneath rocks, finding that it was similar thorough 

seasons, and that the majority of the nests were located in terrains with a slope of 14°, 

except in summer (Figure 6.11), when a significant difference was found between rocks 

with and without nests (GLMM t = 2.53, p = 0.01). 
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Figure 6.11. Number of nests under rocks in the surveyed plots by season in relation to their slope 
(°). Winter: n = 42, spring: n = 56, summer: n = 11, autumn: n = 32). 
 
 

6.3.4 ARTIFICIAL NESTS SELECTION BY THE ARGENTINE ANT 

Within the 84 available places to nest in the experimental plot, a total of 17 Argentine ant 

nests were found, from which six (35 %) were located under artificial nests, eight (47 %) in 

tree bases, and three (18 %) under rocks. The relation presence/absence of nests from all 

available nesting places was significantly different for nests under traps and under rocks 

(GLM: z traps = -2.25, z rocks = -2.50; p < 0.05). Nest type selection was explained partially 

by the added effect of the type of nest and slope of the terrain (according to the explained 

deviance of the GLM (Zuur et al. 2009): D2 = 13.51 %, p ≤ 0.05). 
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Regarding the types of artificial nests, all of them were used throughout the year (from 

April 2010 to March 2011), without any preference (GLM: p > 0.05), although concrete 

tiles (T) were the nest-traps most used, followed by hollow clay bricks (B) and partition 

clay tiles (P) (Figure 6.12).  

 

Between July and August 2010, some of the artificial nests were moved during forest 

cleaning activities for the extraction of fallen wood. Nests were returned to their place, but 

this movement affected two of the Argentine ant nests present before the perturbation: one 

of them under a concrete tile, which disappeared in July but returned in August, and the 

other one under a hollow clay brick, which disappeared in August and never returned. 

 

 

 

Figure 6.12. Number of Argentine ant nests found underneath nest-traps from April 2010 to March 
2011. B: Hollow clay bricks, P: Partition clay tiles, and T: Concrete tiles. 

 

At the time of the plot survey in early March 2011, the Argentine ant did not show 

preferences for any type of artificial nest (GLM: z T = -0.80 z P = 0.58, z B= -0.66; p > 0.05 

for all), and the only factor that had an influence on the presence of nests was the slope of 

the terrain (GLM: z = 2.02, p < 0.05). 
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Artificial nests were used as well by Plagiolepis pygmaea Latreille, especially in May 

2010, but in all cases, at the next month of the survey, the nest had been occupied by L. 

humile. Other arthropods such as scorpions (Buthus occitanus Amoreux), earwigs 

(Forficula auricularia L.), and scolopendras (Scolopendra cingulata Latreille) were 

occasionally found under them. 

6.4 DISCUSSION 

As it happens with many invasive species, the successful establishment and spread of the 

Argentine ant depends on both its invasiveness potential and the recipient environment 

(Roura-Pascual et al. 2010). Physiological limitations of this species have been evaluated 

in previous studies, finding that water availability and temperature are limiting factors for 

the survival of workers (Jumbam et al. 2008). L. humile has a high cuticular permeability 

and thus suffers an important water-loss rate when exposed to high temperatures (Schilman 

et al. 2007). Moreover, temperatures higher than 32 °C inhibit egg-laying by the queens 

(Abril et al. 2008b). Prolonged exposure to subfreezing temperatures can be as well lethal 

to this species (Jumbam et al. 2008), and low annual soil temperatures may hinder its 

establishment and spread by limiting successful worker development (Hartley et al. 2010). 

The occurrence of the Argentine ant at regional scale is therefore constrained by 

temperature and humidity (Krushelnycky et al. 2005; Menke et al. 2007; Abril et al. 2009; 

Brightwell et al. 2010; Hartley et al. 2010; Roura-Pascual et al. 2011). 

 

The Argentine ant is a highly mobile species that build usually superficial and poorly 

elaborated nests, possibly to benefit from the higher temperatures near the soil surface in 

order to escape adverse conditions in winter (Brightwell et al. 2010), and to diminish 

excavations costs (Halley et al. 2005). It is known that L. humile seasonally changes nest 

location in order to maintain appropriate microclimatic conditions inside the nest (Newell 

& Barber 1913; Markin 1970a; Benois 1973; Heller & Gordon 2006; Heller et al. 2006). In 

California, for example, Markin (1970a) found that entire populations of L. humile 

switched from a shaded and irrigated zone of a citrus grove in summer, to a steeped south-

east-facing hillside in winter. 
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Our results agree with previous literature, underlining that the Argentine ant moved 

seasonally in order to keep regular microclimatic conditions (optimal humidity and 

temperature) inside its nests. The fact that the Argentine ant chose trees to nest mainly in 

the hottest months of the surveyed year, suggests that this species uses the tree structure as 

isolation against unfavourable climates.  

 

In previous studies it was though that the Argentine ant required human structures to 

survive in very cold or warm weather (Gordon et al. 2001; Suarez et al. 2001; Buczkowski 

et al. 2004) but recently, Brightwell & Silverman (2011) found that L. humile was able to 

survive in natural habitats under cold air temperatures by nesting around the loblolly pine 

Pinus taeda L., and to forage under its sun-warmed bark at temperatures well below the 

minimum foraging temperature of 5 °C (Markin 1970c; Abril et al. 2007). Herein, the 

results suggest that in our study area the Argentine ant uses pines and cork oaks for the 

same purpose in warmer seasons, but this time in order to protect the nest against high 

temperatures and low humidity, helped by the canopy cover and the isolation effect from 

the tree bark.  

 

The preference of tree nesting at this time of the year could be linked as well to the 

foraging activity which is strongly constrained by temperature (Markin 1970b) and 

humidity (Abril et al. 2007). Unlike the daily foraging activity on the ground that is 

strongly inhibited by high daily temperatures (Markin 1970c; Oliveras et al. 2005a), the 

foraging activity of L. humile on cork oak trees is constant all day long (Abril et al. 2007), 

allowed most probably by the protection that offers the tree to the foragers.  

 

Furthermore, the increment in the number of nests on tree bases happened between May 

and June, in correspondence with the start of the reproductive cycle of this species, and its 

necessity for more food resources to feed the queens and the developing brood (Markin 

1970c; Abril et al. 2007). During June and August this species reached the highest number 

of nests in trees, coinciding also with the increment in the number of workers and males 

which begin to hatch into the nest in June (Markin 1970a; Benois 1973), having therefore a 

higher demand for food, especially sugary liquids from hemipteran exudates, which are the 

main type of food consumed by these castes (Markin 1970b). Hence, the tree nesting 
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behaviour between May and October has a dual purpose: first, to gain protection against 

unfavourable weather conditions, and second, to be closer to the food resources needed to 

meet the trophic requirements during the reproduction period, improving at the same time 

its foraging efficiency and its competitive ability (Holway & Case 2000). 

 

In contrast, during colder and rainy seasons, the Argentine ant strategy is to nest 

underneath rocks which may help to increase nest temperature (Heller et al. 2006) and 

keep appropriate moisture levels helped by a moderate slope with a southern orientation 

that may allow draining and evaporating the excess of soil water. The terrain features at 

micro-scale (orientation and slope) are thus important factors influencing directly the 

distribution of Argentine ant nests especially during cold and rainy seasons. 

 

For unicolonial species, large nests may be advantageous in highly competitive 

environments because numerous workers are expected to increase the ability of a colony to 

monopolize resources (Human & Gordon 1996). Ingram (2002a) argued that a large nest 

size is correlated to a high queen number in Argentine ant populations, since a large 

number of workers increases the productivity of a nest (Herbers 1984), and ensures colony 

longevity by offering protection against predators and competitors (Herbers 1986). This 

could explain why the nests beneath bigger rocks were those that lasted longer throughout 

the year, and were the most used during successive winters.  

 

Similar results were found by Tinaut et al. (1999) for Proformica longiseta, which 

occupied preferentially larger rocks and showed a higher presence of brood beneath thicker 

rocks. This was explained by the protection that thicker rocks gave to this ant against 

extremely high temperatures, and by the better heat retention compared to thinner rocks at 

the sunset. However, this species was found to nest under a variety of rock dimensions, 

which suggested that there was not a real rock selection, and that workers were not capable 

of recognizing suitable rocks from external physical characteristics (dimensions), but were 

capable of such recognition a posteriori on the basis of their thermal properties. The 

Argentine ant could use likewise the same process of recognition, since it had higher nest 

longevity for nests underneath thicker rocks, but was found to nest as well under a wide 

range of rock dimensions.  
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Higher longevity of Argentine ant nests has also been associated with the size of the nest. 

Díaz et al. (unplubl. data) found that bigger nests (measuring 0.94 m2 ± 0.29 SE) were 

those that prevailed during the whole year, especially in winter, similar to what was found 

by Heller & Gordon (2006) in California. Moreover the former authors and Heller et al. 

(2008a) coincide with the idea that those bigger nests could constitute the most important 

source of queens for the colonization of new areas in the expanding period of this species, 

acting therefore as mother/parent nests. Besides, and given that the size of the colony can 

be constrained by the size of the nest cavity (Thomas 2002), those mother nests are 

expected to be found under bigger rocks as well. Therefore, control methodologies such as 

the extirpation of winter nest aggregations, should pay particular attention to nests under 

larger rocks in order to have a stronger impact on L. humile populations and provide a 

more efficient management of the invasion.  

 

Concerning nest density, it was lower as the nests were closer to the edge of invasion, 

maybe due to inter-specific competition with native ants (Ingram 2002a), which experience 

a decrease in their diversity with the increment in abundance of the Argentine ant (see 

results from Chapters 3 and 5). This results agree with those from by Díaz et al. (unpubl. 

data), who studied the Argentine ant nests dynamics in the area and found that the nest size 

and abundance increased as they were more distant from the edge of the invasion. 

 

Nevertheless, in the Haleakala National Park, Ingram (2002b) found that this enlargement 

in nest density occurred only within 80 m from the edge, and that the density remained 

constant until a distance of 500 m. The differences with the present study could be 

explained by three reasons: first, Ingram sampled only rocks between 10 and 15 cm in 

diameter which could exclude a certain quantity of nests and give biased results; second, 

the differences in altitude throughout the transects were not taken into account, but seem to 

be affecting the abundance of L. humile in this Hawaiian park, as was found by Fellers & 

Fellers (1982); and third, Ingram sampled the nests just once (not specifying when) whilst 

our sampling took place throughout one complete year.  

 

Regarding artificial nests, the fact that concrete tiles were the most used throughout the 

year could be related to their nature, since concrete tiles had a more similar composition to 
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the stones from the study area, and were more efficient at keeping soil humidity 

underneath than the other two artificial nests (pers. obs.). Although in February 2011 the 

partition clay tiles were preferred to nest, maybe because they were able to raise faster the 

temperature of the underlying soil (since they were thinner), they were little used when air 

temperatures increased, and were less efficient at keeping soil moisture, especially in the 

warmer months. Additionally, the fact that the concrete tiles were thicker and compact, 

could have favoured the retention of heat for a longer time overnight, as was found by 

Robinson (2008) when using pavers to attract ants to nest in an Australian grassland. 

 

Chemical-free methods to control the expansion of the Argentine ant such as winter nest 

aggregations extirpation could be facilitated by the use of artificial nests located in the 

most suitable places, in order to attract expanding colonies. As nesting sites were not found 

to be a limiting factor neither in this nor in previous studies (Ingram 2002b), artificial nests 

should be set in places that provide to the underneath soil the most suitable microclimatic 

conditions for the Argentine ant nesting, in order to have a higher probability of 

colonization and nest longevity. The results obtained suggest that the best places should 

have a moderate slope that allow drainage of excessive soil water, and should be partially 

covered by canopy (until 10 %), and that concrete tiles or similar objects should preferably 

be used.  

 

In addition, to have a greater impact on Argentine ant populations, artificial nests should be 

set in autumn, before the drop in temperature in order to attract nests that start to migrate at 

this time of the year looking for better conditions in winter. In this manner, the possibility 

for the foundation of winter colonies under artificial nests should be higher, and their 

extirpation should have a stronger impact on L. humile populations. Moreover, given that 

extirpation is time consuming, the use of artificial nests as traps could help improve the 

performance of this control method by reducing the searching time of L. humile winter 

nests.
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CHAPTER 7 

 
 
 

GENERAL DISCUSSION 

 

The Argentine ant has been categorized as one of the 100 worst world invasive species, 

due to its highly invasive potential and its negative effects on ecosystems (Lowe et al. 

2000), especially on the local native ant fauna, which makes the control of its populations a 

prime goal. However, most of the efforts to eradicate L. humile implemented until now 

have shown little success in natural and anthropogenic environments, being thus necessary 

the development of a new approach to manage its invasion. 

 

In this thesis two different approaches to control Argentine ant populations in invaded 

natural areas were considered; first, through the extirpation of winter nest aggregations and 

second, by testing the attractiveness of artificial nests. Additionally, valuable information 

on the invasive behaviour of the Argentine ant and on the ecological consequences of the 

invasion was obtained.  

 

In Chapter 3, a control method was tested in areas of natural interest, being consequently 

necessary the use of a chemical-free procedure that integrated the current knowledge about 

the biology of this species such as its reproductive cycle. The method used focused 

therefore on the reproductive power of the queens, with the assumption that if a large 

number of queens are exterminated and their existing brood removed, the spread of the 

remaining colonies should slow down, and the foundation of new nests should be hindered. 

Accordingly, the removal of queens was conducted in winter using manual extirpation, 

when the Argentine ant aggregates into “winter nests or colonies”(Benois 1973) and the 

queen density per nest is the highest (Abril et al. 2008a). The results showed that the 
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extirpation of winter nest aggregations diminished the abundance of L. humile and 

disturbed its population dynamics. Indeed, in the extirpated plots there was a clear drop in 

the abundance of the Argentine ant workers, especially in spring, when a peak in the 

abundance is normally observed. The elimination of most of the queens and their brood 

through extirpation resulted in a low demographic increment, which as a consequence 

reduced the demand for food requirements and the resulting foraging activity.  

 

Chapter 3 assessed as well the effects of the Argentine ant on native ant communities, and 

the findings revealed that the occurrence of these latter differed from species to species and 

depended on the degree of invasion. In fact, this is the first study that has assessed the 

effects of the invasion by Argentine ants on each native species and their functional groups 

in function of the degree of infestation. In this sense, two zones were differentiated 

according to their distance to the edge of invasion, having firstly the zone next to the edge 

of the invasion where L. humile is starting to invade and its abundance is low, and 

secondly, the fully invaded zone where L. humile is well established and presents a very 

high abundance. Previous studies comparing invaded vs. non-invaded areas, have found 

that L. humile exerts differential impacts on native species, being some of them able to 

persist after the invasion while others cannot (Ward 1987; Human & Gordon 1996; Suarez 

et al. 1998; Holway 1999; Sanders et al. 2001; Sanders et al. 2003; Carpintero et al. 2005; 

Carpintero et al. 2007). Nevertheless, none of them assessed if the magnitude of this 

impact had any relation with the degree of invasion of the site studied. 

 

In the present study it was ascertained that the presence of the Argentine ant triggered an 

important change in the community structure. Concerning the functional groups, the study 

of each area of the invasion allowed us to observe that those changes are gradual, starting 

with a drastic drop of the Generalized Myrmicinae and the Opportunist groups in the front 

of invasion, and finishing with their almost disappearance in the highly invaded area. 

Contrastingly, the Cold Climate Specialists and Cryptic groups coped well with the 

invasion, possibly helped by their reduced sizes and subordinate behaviour (Roura-Pascual 

et al. 2010), and their restricted foraging area and exploitation of sub-optimal niches 

(Passera 1994). 

 



General Discussion 

129 

At species level, the Argentine ant affects strongly the native ant abundance in both areas 

of the invasion, being particularly affected species such as P. pallidula and C. cruentatus 

which share similar characteristics with L. humile (i.e. similar seasonal and daily activity 

rhythm, considerable overlap in temperature range, mass recruitment and defence of food 

resources), all of them leading to a strong competition between species. However, on the 

contrary, other species such as P. pygmaea, T. racovitzai and C. lateralis seemed to benefit 

from the presence of the Argentine ant. For instance, T. racovitzai appeared to be favoured, 

as its abundance increased in the edge of the invasion, which could be related to the 

decline of some other native species when the Argentine ant begins to invade causing a 

decrease in the competition for specific resources, which may allow this species to be more 

successful inside this particular area of the invasion. 

 

Following the extirpation, a partial recovery of the native ant communities was observed. 

In fact, in the extirpated plots from the edge of invasion, observations revealed that native 

ants increased their presence and gained territory as the Argentine ant abundance 

diminished. However, in invaded areas, where the abundance of the Argentine ant was 

very high, the recovery of native ants was smaller, suggesting that the numerical 

dominance or the ability of the introduced colony to attain larger numbers than native ants, 

may be particularly important in the invasion success of this invasive species. Thus, after 

the invasion reaches high levels, the recovery of the native ant community is more difficult 

and takes more time.  

 

The overall results of Chapter 3 indicate that the extirpation of winter nest aggregations 

lowers the abundance and disturbs the population dynamics of the Argentine ant, which 

facilitate the partial recovery of native ant populations. This method appears then to be 

useful for controlling L. humile populations, although it is not sufficient when used in 

opened natural habitats, since the re-entrance of the Argentine ant is inevitable. For that 

reason, the extirpation is proposed mainly as a control method in closed or isolated areas, 

where the re-entrance of the invasive ant can be actively withheld. 

 

Moreover, regarding the degree of the invasion, the extirpation of winter nest aggregations 

should be made in the edge of the invasion since it is where the queen density per nest is 
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the highest in winter (Abril et al. 2012). Additionally, the nest search should be focused on 

nests under larger rocks, where there is a higher probability of finding bigger and mature 

nests (mother nests). In this manner, the impact on L. humile populations will be stronger, 

and the results in weakening the spread better, thus making more efficient this control 

method. 

 

In Chapter 4, the effects of the invasion on other arthropods were assessed, finding that the 

abundance and richness of most of the ground-dwelling and arboreal arthropod 

communities were not affected by the invasion of the Argentine ant. This could be linked 

to their hard protective exoskeletons, chemical defences or micro-habitats that do not 

overlap with those of L. humile, protecting them from predation or interference 

competition by this invasive ant (Porter & Savignano 1990; Cole et al. 1992).  

 

However, a slight decrease was detected in the abundance and richness of Aranae and 

Parasitiformes orders from the terrestrial community, and an increase in the richness and 

abundance of the Hymenoptera order from the arboreal community. Although some of the 

results coincide with those from previous studies, the divergence between the results of all 

studies that have assessed arthropod communities coexisting with L. humile (Cole et al. 

1992; Human & Gordon 1997; Holway 1998a; Bolger et al. 2000) makes difficult a 

generalization about how the invasion by this species affects each arthropod taxon. It is 

plausible that the Argentine ant invasion affects only certain species of a given taxon, but 

in comparisons at the community-level, the effect on a single species is hard to detect or to 

test statistically (Holway et al. 2002a). In addition, the identification of large amounts of 

individuals at species level requires expertise, is time-consuming, and is thus an approach 

very difficult to develop. 

 

This may be as well the reason why after the extirpation of Argentine ant winter nests, no 

changes were detected in either the abundance or richness of arthropods. It is possible that 

the effects of the presence of L. humile are confounded with other disturbance factors 

(Bolger et al. 2000), and that the invaded and non-invaded sites could differ in terms of 

environmental variables such as soil moisture and type, elevation, disturbance history, 

distance to the edge, or the presence of other invaders, which makes difficult to disentangle 
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the effects of the invasion from those of the environmental variation in these kinds of 

comparisons (Holway et al. 2002a). For that reason, it was not possible to reach any solid 

conclusion on this subject, and a more detailed study focusing on species or trophic groups 

of special interest is recommended, including the effects of edge, fragmentation, habitat 

and environmental factors, to clarify which are the effects of Argentine ant invasions on 

the community of arthropods and their subsequent effects on ecosystem processes. 

 

Chapter 5 dealt with the invasion spread measurement and the evaluation of biotic and 

abiotic factors that may influence it, which is necessary for the design of an adequate 

control program. The mean annual rate of spread found was 50.7 m ± 14.6 SE, and the 

only abiotic factor that seemed to influence it directly was air temperature. This 

relationship could be explained by the physiological requirements for colony growth and 

survival of this species (Jumbam et al. 2008), since it needs a certain number of degree-

days for the complete development of its brood (Hartley & Lester 2003; Abril et al. 

2008b). 

 

Regarding the biotic factors analysed (i.e. density of native ants, spatial turnover, temporal 

turnover, and Simpson index), none of them seemed to affect the spread. Nevertheless, 

different studies found that native ants offer biotic resistance to the invasion (Roura-

Pascual et al. 2010; Roura-Pascual et al. 2011), suggesting that native ants might delay the 

spread of the Argentine ant in natural environments throughout interspecific competition. 

For this reason, interactions of L. humile with native ants were investigated in this chapter, 

by analysing behavioural interactions registered on baits and through the performance of 

aggressiveness tests, in order to elucidate if the native species show aggressive behaviour 

against the Argentine ant, and to assess if the aggressive behaviour of a given species has 

any relation with its resistance to the invasion.  

 

Results from the arena indicated that the Argentine ant is less aggressive than the native 

ants confronted in dyad interactions, and its level of aggression is directly related to the 

level of aggression from the opponent, with a generally stronger response if the attack is 

chemical. When confronted in symmetrical and asymmetrical groups, L. humile showed 
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the same aggression tendency, although it started aggressive interactions more frequently 

than natives.  

 

On the other hand, bait observations in the field revealed that some of the species sharing 

baits with the Argentine ant used a death-feigning behaviour (adopting a pupal posture) to 

avoid attacks. Death-feigning is a method of self-defence generally used by prey species 

when threatened by a predator (Blight et al. 2010), which could be used by native ants to 

minimize the risk of injury or death. Hence, taking into account both types of observations 

(arena and baits), it was confirmed that the native ant species which adopt submissive 

behaviour against L. humile have the highest probability to survive to the invasion. 

 

Additionally, an unexpected environmental perturbation that occurred during the sampled 

years allowed us to examine how the Argentine ant responds to perturbations. In concrete, 

the study area suffered strong habitat damage as a consequence of an exceptional heavy 

snowfall event that took place in March 2010, causing severe damages to the forest and a 

strong habitat perturbation (Consorci de les Gavarres 2007). This disturbance impacted 

negatively the populations of native ants, given that the snowfall occurred when the 

hibernation period had already finished and the ants were starting to forage for food. The 

drop in temperatures and the presence of snow made the native ants retract to their nests. 

The decline in the competitive interactions with native ants for food and nesting resources, 

which normally starts at this time of the year in Mediterranean areas (Casellas 2004; 

Carpintero et al. 2007), could favour the rapid expansion of the Argentine ant, which is 

able to continue its foraging activity under low temperatures (Abril et al. 2007; Brightwell 

& Silverman 2011). 

 

Moreover, later in July 2010, a second strong perturbation event took place, when forest 

cleaning activities were conducted to extract most part of the wood material that had fallen 

during the snowfall in order to reduce the risk of future fires, opening several new paths 

and enlarging existing forest tracks to facilitate truck circulation. At this moment, a peak in 

the abundance of L. humile was observed and coincided as well with a second peak of 

expansion. In fact, the expansion in 2010 had almost a twofold increment compared with 

2009, and larger abundances were observed also in July 2010, which could be related to 
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the life cycle of the Argentine ant and the added effects of the habitat perturbations 

suffered. Given that it is in April-May that the egg-laying reaches its maximum level 

(Benois 1973), and at that time the Argentine ant had expanded to new territories and 

likewise had founded new nests, the amount of eggs laid had to be higher, as was the 

subsequent hatch of new workers in June-July, which increased heavily the L. humile 

populations.  

 

Another explanation for the higher rate of spread in 2010 compared to 2009, could be the 

difference in the abiotic factors (i.e. precipitation and air temperature) between the years 

sampled. Although 2009 was a warm year, with an ideal temperature for the Argentine ant, 

it was also very dry (with 378 mm of cumulative precipitation). It is well known that water 

availability is a limiting factor for the survival of L. humile workers (Jumbam et al. 2008), 

which present a high cuticular permeability, that makes them suffer important water-loss 

rates when they are exposed to high temperatures (Schilman et al. 2007).  

 

Additionally, the tracks opened could facilitate the expansion of this ant providing access 

between invaded and non-invaded areas, and/or the movement of wood material may have 

allowed the introduction of the Argentine ant into distant non-invaded areas. Therefore, it 

was inferred that modifications in the composition of native ant communities as a 

consequence of the invasion, and the effects of habitat perturbations are important factors 

boosting the rate of spread of the Argentine ant in the study area. 

 

Finally, in Chapter 6, the nest site preference by the Argentine ant was assessed taking into 

account the placement of the nest, its physical characteristics and its time of longevity; 

additionally, the use of artificial nests as a complementary tool to manage the invasion of 

L. humile was tested. With regards to the nest site preference, it was found that the 

Argentine ant strategy during cold and rainy seasons is to nest underneath rocks which may 

help it to increase nest temperature (Heller et al. 2006), and keep appropriate moisture 

levels. Moreover, the preferred nests were placed in terrains with a moderate slope (around 

14°) and southern orientations that may allow draining and evaporating the excess of soil 

water. The terrain features at micro-scale (orientation and slope) appeared hence to be 
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important factors influencing directly the distribution of the Argentine ant nests especially 

during cold and rainy seasons. 

 

In contrast, L. humile was found nesting in tree bases during the hottest months, suggesting 

that it uses pines and cork oaks to protect the nest against high temperatures and low 

humidity, helped by the canopy cover and the isolation effect from the tree bark. Tree 

nesting preference at this time of the year could be linked also to its foraging activity, since 

it is in May and June when starts its reproductive cycle, and its necessity for more food 

resources to feed the queens and the developing brood (Markin 1970c; Abril et al. 2007). 

Thus, the tree nesting behaviour between May and October has a dual purpose: first, to 

gain protection against unfavourable weather conditions, and second, to be closer to the 

food resources needed to meet trophic requirements during the reproduction period, 

improving at the same time its foraging efficiency and its competitive ability (Holway & 

Case 2000). 

 

Another topic covered in Chapter 6 was the nest selection and longevity. The findings 

revealed that the nests beneath bigger rocks were those that lasted for longer throughout 

the year, and were the most used during successive winters. Higher longevity of Argentine 

ant nests has been associated with nest size in California (Heller et al. 2008a) and 

Catalonia (Díaz et al. unpubl. data), suggesting that bigger nests could constitute the most 

important source of queens for the colonization of new areas during the expanding period, 

acting therefore as mother/parent nests. Furthermore, given that the size of the colony can 

be constrained by the size of the nest cavity (Thomas 2002), those mother nests are 

expected to be found under bigger rocks as well. This is an important information for the 

improvement of the winter nest extirpation method, which should centre its attention 

towards nests underneath larger rocks, where the probability to find bigger and mature 

nests will be higher, as will be the impact of the extirpation on the Argentine ant 

populations. 

 

Nest site selection was also investigated by means of artificial nests (i.e. concrete tiles, 

hollow clay bricks and partition clay tiles), and it was found that concrete tiles were 

preferred throughout the year. This could be due to the fact that they are thicker and 
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compact, helping possibly to retain heat for a longer time overnight, as was found by 

Robinson (2008) when using pavers to attract ants to nest in an Australian grassland. 

Moreover, concrete tiles were more similar in composition to the stones from the study 

area, and were more efficient at keeping the soil humidity underneath than the other two 

traps (pers. obs.), which is especially important in the warmer months.  

 

The extirpation of Argentine ant winter aggregations could be facilitated by the use of this 

kind of artificial nests, locating them in the most suitable places to nest, in order to attract 

the expanding colonies of this species. Considering the fact that nesting sites were not 

found to be a limiting factor neither in this nor in previous studies (Ingram 2002b), 

artificial nests should be set in places where the underneath soil has the most suitable 

microclimatic conditions for the Argentine ant nesting, in order to have a higher 

probability of trap colonization and nest longevity. The results obtained suggest that the 

best places should have a moderate slope that allow drainage of excessive soil water and 

should be partially covered by canopy, and that concrete tiles or similar objects should 

preferably be used.  

 

The use of artificial nests as traps could also help to reduce the searching time of L. humile 

winter aggregations if they are installed in autumn, before the drop in temperature, in order 

to attract nests that start to migrate at this season towards more favourable locations to 

cope with winter conditions. In this manner, the possibility of foundation of winter 

colonies under artificial nests will be higher, and their extirpation will have a stronger 

impact on L. humile populations.  

 

Further research is needed to test if the use of artificial nests together with the extirpation 

of winter nest aggregations is efficient at lowering the Argentine ant levels in closed or 

isolated habitats (e.g. islands, botanical gardens) in the long term, and if this control 

method could be integrated within other management programs with the objective of 

exerting a stronger and more successful control of this invasive ant. 
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CONCLUSIONS 

1. L. humile invasion caused important changes in the native ant community structure, 

those changes becoming more drastic as the invasion degree from a given place 

increases.  

 

 

2. The native ant species and the functional groups most affected by the L. humile 

invasion were those which showed a more dominant behaviour, and in contrast, the 

subordinate and cryptic species and groups seemed to be favoured by the invasion. 

 

 

3. The divergences between studies that have assessed arthropod communities coexisting 

with L. humile make difficult to reach solid conclusions on this subject. Therefore, 

future studies should focus on species or trophic groups of special interest, and should 

include more information on environmental and habitat factors in order to better 

understand how the Argentine ant invasion affects the non-ant arthropod taxa. 

 

 

4. The mean annual rate of spread of the Argentine ant calculated was 50.7 m ± 14.6 SE, 

and it was mainly affected by air temperature and habitat perturbations of the forest 

which favoured a faster spread of the Argentine ant in the study area. 

 

 

5. The extirpation of winter aggregations appeared to be efficient at lowering the 

abundance of L. humile and at disturbing its population dynamics. The elimination of 

most of the queens and their brood through extirpation resulted in a small 

demographic increment, that reduced the demand for food requirements and associated 

foraging activities, all this having as a consequence the reduction of the expansion of 

this invasive ant. 
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6. In order to make this control method more efficient, the extirpation of winter nest 

aggregations should be performed nearby the edge of invasion, where the highest 

density of queens per nest is found, and paying particular attention to nests underneath 

larger rocks, where the probability to find bigger and mature nests is higher, thereby 

producing a stronger impact on L. humile populations, and weakening more 

successfully its spread. 

 

 

7. Artificial nests placed judiciously could be used as a relatively cheap tool facilitating 

the extirpation of winter aggregations, since it could substitute the search for natural 

winter nests. In order to favour nest colonization and longevity, artificial nests should 

be installed in autumn, in places with a moderate slope, partially covered by canopy, 

and using preferably concrete tiles or similar objects.  

 

 

8. Since the re-colonization by the Argentine ant in open natural habitats is inevitable, 

the extirpation of winter nest aggregations is proposed mainly for controlling its 

invasion in closed or isolated areas, where the re-entrance of this species can be 

actively withheld. 

 

 

9. Further research is needed to assess the feasibility, efficacy and cost-effectiveness of 

this control method in the long term. 
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