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ABSTRACT 

This study is focused on the dominance exerted by the invasive 
Argentine ant over native ants in a coastal Mediterranean area. The 
impact of this invasive ant on native ant assemblages and its conse-
quences on total ant biomass and on the intensity of habitat exploration 
were evaluated. Foraging ants were observed and their trajectories 
recorded during 5-minute periods in two study zones, one invaded and 
the other non-invaded. Ant species detected, ant worker abundance, 
ant biomass and the intensity of soil surface searching done by ants 
were compared between the two zones. The Argentine ant invasion 
provoked a drastic reduction of the ant species richness. Apparently 
only one native ant species is able to coexist with the Argentine ant, the 
cryptic Plagiolepis pygmaea. Ant worker abundance was also modified 
after the invasion: the number of Argentine ant workers detected, which 
represented 92% of the invaded zone, was two times higher than the 
number of native ant workers detected in the non-invaded zone. The 
total ant biomass was inversely affected, becoming four times lower in 
the invaded zone highly dominated by Linepithema humile. The higher 
number of Argentine ant workers and their fast tempo of activity 
implied an alteration of the intensity of soil surface searching: scanning 
by the Argentine ants in the invaded zone was higher than that done by 
the native ants in the non-invaded zone, and the estimated time for a 
complete soil surface scan was 64 minutes in the invaded zone and 108 
minutes in the non-invaded zone. Consequently, resources will be 
discovered faster by ants in the invaded zone than in the non-invaded 
zone. The increase of the mean temperature and the decrease of the 
relative humidity from May to August reduced the ant activity in the two 
study zones but this reduction was greater in the invaded zone. 

Keywords: Ant biomass, biological invasion, habitat exploration, 
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INTRODUCTION 

Ants are known to compete in transitive hierarchies, where the better 
behavioral competitors exclude subordinate species (Human & Gordon 
1996, 1997, Hoffmann et al. 1999, Holway & Suarez 1999, Morrison 
2000). This interspecific competition has been shown to be a key factor 
affecting structure and dominance in ant communities (Levings 1982, 
Fellers 1987, Savoilanen & Vepsäläinen 1988, Hölldobler & Wilson 
1990, Andersen 1992, 2000). The strategies used by ant species to 
coexist in a community with other species contesting for many of the 
same resources can be classified into two categories: exploitative ability 
(the localization and utilization of resources before competitors) and 
behavioral dominance (by attacking and/or avoiding competitors at 
resources) (Davidson 1998). The evolutionary trade-off between these 
two competitive abilities allows competitor species to persist in ant 
communities. However, when a species is not bundled by this trade-off, 
it becomes competitively dominant over the rest, and can cause the 
displacement of competitors. Some invasive ant species base their 
success in colonized areas on the breakdown of this trade-off (Davidson 
1998, Holway 1999, Holway et al. 2002a). The combination of domi-
nance of resources and behavioral dominance in interactions with 
other species implies an ecological dominance of these invaders over 
native species, and usually causes the displacement of some native ant 
species (Porter & Savignano 1990, Cammell et al. 1996, Human & 
Gordon 1997, Holway 1998a, Hoffmann et al. 1999, Gómez & Oliveras 
2003), leaving these invasive species to dominate the community 
biomass. The dominance of the community biomass has been proposed 
by Begon et al. (1996) as a descriptive trait for ecologically dominant 
species. 

As well as the interspecific competition, environmental factors 
(mainly temperature) have been proven to be of great importance in the 
organization of ant community assemblages (Cerdá et al. 1997, 1998, 
Cros et al. 1997, Bestelmeyer 2000). Thus, in Mediterranean commu-
nities, where environmental factors show important daily and seasonal 
variations, the limited thermal tolerance of behaviorally dominant 
species with respect to subordinate species disrupts the expected 
transitive hierarchies (Cerdá et al. 1997). 

The Argentine ant (Linepithema humile Mayr) represents an example 
of success due to the breakdown of the trade-off between exploitative 
and encounter competition (Davidson 1998). This well-known invasive 
ant species (McGlynn 1999a) originates from south of the Parana River 
in Argentina (Tsutsui et al. 2001) and has been introduced in various 
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zones of the world due to human commercial activities (Hölldobler & 
Wilson 1990, Suarez et al. 2001). Its distribution range now includes 
areas with Mediterranean-type climates throughout the world (Passera 
1994, Suarez et al. 1998). Although its rapid expansion in invaded 
zones has been facilitated by human habitat alteration (Suarez et al. 
1998), there is increasing evidence of its ability to occupy non-altered 
habitats (Cole et al. 1992, Human & Gordon 1996, Holway 1998b). 
Worldwide, L. humile has decimated native ant populations where it has 
been introduced (Cammell et al. 1996, Human & Gordon 1997, 1999, 
Suarez et al. 1998, Holway 1999, Gómez & Oliveras 2003) through 
intense interference and exploitative competition (Human & Gordon 
1996, Davidson 1998, Holway 1999). In fact, the native ant community 
is probably the first animal group to suffer the impact of the Argentine 
ant’s invasion. 

The potential consequences of the impoverishment and homogeniza-
tion of the ant community caused by the Argentine ant invasion are 
diverse and comprise different ecological processes in which ants are 
implicated (Holway et al. 2002a). The rates of resource utilization 
almost surely vary, due in part to different requirements of the invader 
species and in part to their different abilities with respect to native 
species. The level of impact of these changes will depend on the degree 
to which the Argentine replaces and assumes the tasks of the displaced 
native ants. Thus, although the invader species may assume some roles 
at the same level as the native species, in most processes the invaders 
are probably bad replacements for the natives, by defect or by excess 
in assuming their tasks. 

The reduction of ant species richness in the invaded areas is one of 
the most easily perceptible changes following the invasion. But other 
less noticeable changes concerning the global ant community, such as 
the total ant biomass and the intensity of ant activities, in both spatial 
and temporal terms, could also occur after the invasion. An analysis of 
these community characteristics in both invaded and non-invaded 
areas would help to better understand some of the consequences of the 
invasion in different ecological processes. 

In the present study we analyze the level of alteration of the ant 
community after the Argentine ant invasion by comparing two close 
Mediterranean cork-oak forest zones, one invaded and the other non- 
invaded by the Argentine ant. Our first aim is to quantify the expected 
reduction of the ant species richness caused by the invasion. Subse-
quently, the questions addressed are: 1) Is the total ant community 
biomass different in invaded and in non-invaded zones?; 2) Is the 
intensity of soil surface resource searching in invaded zones different 
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than in non-invaded zones?; 3) Does the intensity of soil surface 
resource searching vary seasonally and/or according to environmental 
conditions in invaded and non-invaded zones? 

MATERIALS AND METHODS 

Study area 
This study was carried out during May, June, July, and August 2003 

in the Serra Llonga, in the southern edge of the Gavarres Massif, near 
the village of Castell d’Aro (NE Spain) (41º 49’ N, 3º 00’ E). The study area 
is 4 km from the Mediterranean coast. The climate of this region is 
Mediterranean sub-humid, with 627 mm of annual rainfall, a minimum 
monthly average temperature in January (7.2 ºC) and a maximum in 
July (22.6 ºC). In this area the invaded and the non-invaded zones are 
in close proximity. The Argentine ant distribution in the study area is 
concentrated principally in those zones next to urbanized areas from 
where its access and subsequent expansion in less-altered areas 
started. Both study zones are situated at elevations of 250 m and 
vegetation is open cork oak secondary forests dominated by Quercus 
suber (L.), Quercus ilex (L.), Erica arborea (L.), Cistus monspeliensis (L.), 
Cistus salvifolius (L.), and Arbutus unedo (L.). The relative proximity, as 
well as to the similar characteristics of vegetation, face, slope, and 
altitude of the two study zones allow us to assume that the composition 
of the native ant community previous to the invasion in the now invaded 
zones would have to be very similar to that found in the non-invaded zone. 

Soil surface searching by ants 
The intensity of soil surface searching by ants was evaluated as in 

Espadaler and Gómez (1997). The trajectory made by individual ants 
during a sampling period of 5 minutes was drawn on a 10 x 10 cm 
square of acetate sheet placed on a wire frame 5 cm from the soil. A 
single ant was followed and its trajectory traced all the time it foraged 
under the sampling surface even if more than one ant was present. If 
the ant we were tracing left the sampling area before the 5 minutes were 
over, the first new incoming ant was followed and so on. This consti-
tuted a sample. Each sampling point was randomly selected, and 
samples were taken throughout an extensive area in the two study 
zones. Trajectories for each ant species were color coded. Two consecu-
tive daily samplings (one in the invaded zone and one in the non- 
invaded zone) were done monthly during the ants’ highest activity 
period (May, June, July and August 2003). Sampling began at 8:00 in 
the morning and ended at 19:00 in the evening. A total of 482 5-minute 
samples (half of them in each zone) were taken. The number of samples 
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taken each hour was the same in the two study zones. To discard 
environmental effects, temperature and relative humidity correspond-
ing to the samples taken were compared between the two study zones 
and the four sampling months. Data were obtained from the meteoro-
logical station of Castell d’Aro, situated near to the study zone. The 
station provides environmental data in means for each 30-minute 
period. Each 5-minute sample was assigned with its corresponding 30- 
minute mean temperature and humidity, thus having the same num-
ber of data for each environmental variable as of samples (n = 482). Both 
variables were log10-transformed prior to analysis to improve 
homocedasticity. Neither mean temperature nor humidity during the 
5-minute samples taken were different between the two study zones 
(two-way ANOVA: Temperature, F1,455 = 1.92, P = 0.167; Humidity, F1,455 
= 0.04, P = 0.841), but differences were detected between sampling 
months due to normal fluctuations throughout the year (two-way 
ANOVA: Temperature, 

F3,455 
= 809.72, P < 0.001; Humidity, 

F3,455 
= 

734.22, P < 0.001) (Fig.1). A measure of the soil surface searched by the 
ants was estimated from the distance of the trajectories and the 
antennal gap (maximum distance between tips of antennae) of each ant 
species. The distance was measured running the ant trajectories on the 
acetate sheets using a curvimeter with a precision of 0.5 cm. The 
antennal gap was obtained from the video registration of live individu-
als of the different ant species foraging over a graph paper sheet into 
artificial nests and was measured on still images from the film when the 
two antennae were completely open. The number of ant individuals 
filmed varied between species because some of them were difficult to 
find (see Table 1). In some ant species only one individual was measured 
so the distance is not absolutely representative, but this does not apply 
to the most represented species so final results were not greatly 
affected. Intraspecific overlaps of trajectories were calculated as a 
quadrate of side “antennal gap” and were discounted from the esti-
mated surface searched. From this calculation for all samples, we 
estimated the mean surface searched by each species for each 5-minute 
sample. From the velocity of soil surface searching we estimated the 
time needed by ants for a complete search of the soil surface (Tr) as: Tr 
= S · SS-1, where S is the 10 x 10 cm surface sample to be scanned and 
SS the mean searched surface. Finally, the number of ant trajectories 
was taken as a measure of the ant worker abundance. 

Ant assemblages’ biomass 
The ant assemblages’ biomass was also considered. We used as a 

biomass measure the data provided in the biomass data base for Iberian 
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ants generated by Gómez and Espadaler (2000). They followed a two- 
step process to estimate the ant species biomass: (1) head length (HL) 
of workers was directly measured under a stereoscopic microscope to 
the next 0.006 mm for the smallest ants (up to 1.3 mm HL; n = 110 
species) or the next to 0.013 mm for bigger ants (n = 32 species); in 95 
species HL was taken directly from published information; (2) dry body 
mass was then obtained by applying the transformation from Kaspari 
and Weiser (1999): dry body mass in g (M) = (4.7297 · 10-4) · HL3.179. In 
polymorphic species, the minimum and maximum were taken and the 
mean used. A measure of the biomass of each species observed in the 
study area was then obtained multiplying the species mass by its 
abundance (number of observed trajectories). This is not a measure of 
the total ant biomass but is limited to diurnal above-ground foraging 
workers. 

Abiotic conditions influence 
As ant activity is highly dependent on environmental factors, corre-

lations between the daily means of the activity variables measured 
(number of ant trajectories, soil surface searching, and ant biomass) 
and the daily means of temperature and humidity were analyzed using 
the Pearson’s correlation coefficient. 

Statistical analysis 
The mean soil surface searched, the mean ant worker abundance 

and the mean ant biomass were compared between zones and between 
sampling months using GLM Univariate Model I Analysis of Variance 
(ANOVA) and taking each 5-minute sample as a replicate. Data were 
log10-transformed prior to analysis to improve homocedasticity. All 
statistical analyses were performed using the SPSS package for Win-
dows version 11.5 (SPSS Inc). 

Fig. 1. Mean temperature (A) and mean air humidity (B) during the sampling periods at the two study 
zones by the four sampling months. Invaded zone in broken lines and non-invaded zone in solid 
lines. 
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RESULTS 

Ant species assemblages 
The total number of ant species detected was far lower in the invaded 

zone compared vs the non-invaded zone (Table 1). The number of ant 
species presented a decreasing tendency from May to August in the two 
zones with the exception of a peak in June in the non-invaded zone (Fig. 
2A). In the invaded zone only one species, the invasive L. humile, was 
detected in August. 

Worker abundance and ant biomass 
The mean number of ant workers per 5-minute sample detected in 

the invaded zone (3.99 0.32; mean SE) was more than two times higher 
than in the non-invaded zone (1.85 0.14) (ANOVA zone effect: F1,474 = 
17.20, P < 0.001) (Fig. 2B). In the invaded zone the worker abundance 
was highly dominated by L. humile (92.2% of total ant trajectories). 
Moreover, its own abundance doubled the number of all native ant 
workers in the non-invaded zone. In the non-invaded zone the most 
abundant species was Pheidole pallidula (Nylander) with 46.6% of the 
total ant trajectories. The worker abundance varied between months 
(ANOVA month effect: 

F3,474 
= 33.48, P 0.001) decreasing from May to 

August in the two zones (with the exception of a slight peak in June in 
the non-invaded zone) (Fig. 2B). The reduction of worker abundance 
was higher in the invaded zone than in the non-invaded zone, and the 
high differences between zones detected in May (higher abundance in 
the invaded zone) decreased until August when the abundance in the 
two zones was similar. This explains the significant interaction zone x 
month (ANOVA interaction effect: 

F3,474 
= 5.27, P < 0.01). This variation 

between months was significantly correlated with the temperature and 
humidity in the invaded zone (Pearson’s correlation coefficient: (tem-
perature) r = -0.975, P < 0.05; (humidity) r = 0.985, P < 0.05) but not in 
the non-invaded zone ((temperature) r = -0.713, P = 0.287; (humidity) 
r = 0.716, P = 0.284). The mean ant biomass per 5-minute sample in the 
invaded zone (0.43 0.04 mg; mean SE) was significantly lower than in 
the non-invaded zone (1.72 0.18 mg) (ANOVA zone effect: 

F1,474 
= 49.73, 

P < 0.001) (Fig. 2C). The mean ant biomass varied between sampling 
months (ANOVA month effect: F3,474 = 5.91, P = 0.001) (Fig. 2C). In the 
invaded zone the ant biomass decreased progressively through the four 
months, whereas in the non-invaded zone the ant biomass presented 
a noteworthy peak in June and decreased in the subsequent months. 
This peak in June in the non-invaded zone could explain the significant 
interaction zone x month (ANOVA interaction effect: F3,474 = 3.00, P = 
0.030). This variation between months was significantly correlated with 
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the temperature and humidity in the invaded zone (Pearson’s correla-
tion coefficient: (temperature) r = -0.969, P < 0.05; (humidity) r = 0.980, 
P < 0.05) but not in the non-invaded zone ((temperature) r = -0.201, P 
= 0.799; (humidity) r = 0.240, P = 0.760). 

Soil surface searching 
The intensity of soil surface searching done by ants in the invaded 

zone (7.84 0.63cm2; mean SE) was significantly higher than in the non- 
invaded zone (4.62 0.41 cm2) (ANOVA zone effect: F1,474 = 6.35, P < 0.05) 
(Fig. 2D). The Argentine ant was responsible for 97.25% of the soil 
searching surface in the invaded zone and its searching ability (7.62 
0.63cm2) was higher than the searching of all the native ants in the non- 
invaded zone. The estimated time needed by ants for a complete search 
of a 10 x 10 cm surface was 63.78 minutes in the invaded zone and 
108.24 minutes in the non-invaded zone. The intensity of soil surface 
searching varied between sampling months (ANOVA month effect: F3,474 
= 23.80, P 0.001) decreasing from May to August in the two study zones 

Fig. 2. Number of ant species (A), mean number of ant trajectories (B), mean ant biomass (C) and 
mean soil surface scanned by ants (D) at the two study zones by the four sampling months. Invaded 
zone in broken lines and non-invaded zone in solid lines. Error bars indicate standard error of mean. 
Note log scale in B, C and D. 
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(Fig. 2D). However, this reduction in searching intensity was higher in 
the invaded zone than in the non-invaded zone (where a peak in June 
was observed), and the high differences between zones observed in May 
(higher searching in the invaded zone) decreased until August when the 
inverse was true and searching intensity was higher in the non-invaded 
zone (ANOVA interaction effect: F3,474 = 5.19, P 0.01). This variation 
between months was significantly correlated with the temperature and 
humidity in the invaded zone (Pearson’s correlation coefficient: (tem-
perature) r = -0.963, P < 0.05; (humidity) r = 0.993, P < 0.01) but not in 
the non-invaded zone ((temperature) r = -0.369, P = 0.631; (humidity) 
r = 0.400, P = 0.600). 

DISCUSSION 

Ant species assemblages and worker abundance 
The well documented decimation of the native ant fauna after the 

Argentine ant invasion worldwide results again demonstrated in this 
study. Our results show that the ant diversity was drastically reduced 
after the Argentine ant invasion. Both the ant species richness and the 
homogeneity of their abundances were much lower in the invaded zone, 
which became monopolized by the invasive L. humile. Moreover, two of 
the three native ant species detected in the invaded zone, Pheidole 
pallidula and Leptothorax racovitzai (Bondroit), appeared in only one of 
the 241 samples, so we cannot conclude that they successfully 
coexisted with the Argentine ant. The third native ant detected in the 
invaded zone, Plagiolepis pygmaea (Latreille), is a cryptic species that 
seems not to be affected by the invasion as its presence and abundance 
are similar in the two study zones. The inability of most of the native ant 
species to coexist with the invasive L. humile has been described in 
other invaded areas (Human & Gordon 1997, Holway 1998a, 1999). 
Two mechanisms have been proposed to explain the displacement of 
the native ant fauna caused by the Argentine ant invasion: exploitative 
competition and interference competition (Human & Gordon 1996, 
Holway 1999). Our findings (despite being obtained separately in 
invaded and non-invaded areas and not along the edges of the invasion) 
concur with the exploitative competition mechanism, as the lower time 
to scan the soil surface and the higher worker abundance could allow 
this invasive species a more efficient exploitation of resources through 
a faster localization and higher worker recruitment to get them. 

The direct modification of the ecosystem caused by many invaders 
has cascading effects for resident biota and these effects can have 
ramifications throughout the system (Crooks 2002). Thus, the reduc-
tion of the assemblage biodiversity of the ant community after the 
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Argentine ant invasion, which becomes almost completely composed of 
only L. humile, can cause changes in resource exploitation and in the 
different interactions between ants and other animal and plant species 
in the ecosystem. Different ecological interactions could be altered after 
the invasion by an increase, replacement, or decrease of their intensity. 
Thus, different animal and plant species could be directly or indirectly 
affected and their survival increased, decreased, or unaltered. Many of 
these effects have been described for the Argentine ant and for other 
invasive ant species, and some are compiled by Holway et al. (2002a). 
The level of these changes depends on the ability of the Argentine ant 
in assuming the role of the displaced native ant species. 

Ant assemblages’ biomass 
Despite the higher worker abundance observed in the invaded zone, 

the ant biomass was four times higher in the non-invaded zone. This 
reduction of the ant biomass after the Argentine ant invasion is 
explained because most of the native ant species in the non-invaded 
zone, despite being of little importance numerically, have a higher mass 
than L. humile (which represents 95.9% of the biomass in the invaded 
zone). This smaller size of the Argentine ant compared with most of the 
native ant species is common in many of the invasive ant species of the 
planet (McGlynn 1999b). This result contrasts with those observed by 
Human and Gordon (1997) and Holway (1998a) who detected an 
increase and the maintenance respectively of the total ant biomass after 
the Argentine ant invasion. The opposite of our finding was also 
documented with other invasive ant species: Solenopsis invicta (Porter 
& Savignano 1990) and Pheidole megacephala (Hoffmann et al. 1999), 
whose invasions implied an increase of the total ant biomass. 

Soil surface searching and resource exploitation 
If ants “…essentially vacuum the soil surface” (Reichman 1979), this 

effect is amplified in the Argentine ant invaded areas. The scanning of 
the soil surface is 1.7 times faster in the invaded zone than in the non- 
invaded zone. Moreover, we have to take into account that all the ant 
species detected in the invaded zone presented an antennal gap of less 
than 3 mm (mean = 1.49 mm), whereas this distance is surpassed by 
most of the native ants in the non-invaded zone (mean = 3.58 mm). This 
implies that differences in the searching distances covered by ants are 
higher (total L. humile = 7752.5 cm; total non-invaded zone = 3545 cm) 
than differences obtained on the searching surface. This can be 
explained by the higher worker abundance of the Argentine ant in the 
invaded zone compared with the abundance of all the native ants in the 
non-invaded zone. Furthermore, the long periods we spent in the field 
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observing the ant foraging activity allow us to propose another charac-
teristic which could simultaneously enhance the higher soil surface 
searching ability of the Argentine ant (despite not being experimentally 
contrasted): a higher speed of displacement of the Argentine ant 
workers compared with the main species of the non-invaded zone. 
Hölldobler and Wilson (1990) referred to this characteristic with the 
term “tempo”. As they described it, some ant species “…literally seethe 
with rapid motion”, just as we observed in the case of the Argentine 
ants, in contrast with the species with a low tempo whose workers 
“…walk slowly and with seeming deliberation”. This character should 
be directly correlated with rates of resource discovery and thus with 
exploitative competitive ability (Davidson 1998). 

The higher scanning ability of the Argentine ant will alter the level of 
exploitation of resources after the invasion. This alteration will be 
different for each resource depending on the requirements of the 
invading ants compared to the ant assemblages previous to the 
invasion, each resource being more, less, or similarly exploited. None-
theless, it is certain that any resource will remain undiscovered on the 
soil a shorter time in the invaded zone than in the non-invaded zone. 
That conclusion was reached in a previous study (Gómez & Oliveras 
2003) in which the time needed by L. humile workers to find seeds 
randomly placed over the soil surface in an invaded area was three 
times lower than the time needed by native ants in the non-invaded 
area. Similar data was used recently (Gibb & Hochuli 2003) to estimate 
the effect on resource use by ants in habitats with and without the 
presence of Iridomyrmex purpureus, the meat ant. This information 
represents an indirect measure of the ecosystem resource use. 

Abiotic conditions influence 
The mean number of ant trajectories, the mean soil surface searched, 

and the mean ant biomass varied between months. In the invaded zone 
these variations were significantly correlated with environmental varia-
tions in temperature and humidity, whereas not in the non-invaded 
zone. This is because the invaded zone is monopolized by the Argentine 
ant and therefore varies according to single species behavior, whereas 
in the non-invaded zone the higher number of species and the lower 
dominance of a single species make its global response less linked to 
environmental changes. The low levels of the total number of ant 
species and the total number of functional groups observed in August 
is explained by the lower activity of ants due to the high temperatures, 
reducing the probability of detecting some of them. 
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The correlation of the ant activity with abiotic conditions (such as 
temperature and humidity) is important because ants characteristi-
cally forage within certain temperature ranges, hence competitive 
interactions between species may be reduced and even avoided depend-
ing on environmental factors (Hölldobler & Wilson 1990). In Mediterra-
nean ant communities behaviorally dominant ants have a more limited 
thermal tolerance than subordinate species (Cerdá et al. 1997) and are 
more heat intolerant (Cros et al. 1997). This is because the important 
daily and seasonal fluctuations of environmental factors (mainly 
temperature) in the Mediterranean areas periodically reverse the order 
of competitive superiority among the species, and disrupt the expected 
transitive hierarchies allowing a greater number of competing species 
to coexist (Cerdá et al. 1997). Our results concur with those observed 
by Witt and Giliomee (1999) and by Holway et al. (2002b) indicating that 
Linepithema humile is more active under warm soil temperature and 
moist conditions than under hot, dry conditions. Its maximal activity 
temperature at foraging is lower than many of the Mediterranean 
Iberian ant species (Cerdá 2001). This explains the decrease of its 
activity observed from May to August, in direct relation to the increase 
of the temperature and the decrease of humidity. Consequently, its 
competitive ability should decrease in hottest months, and is during 
these periods when the native ant species could offer relative resistance 
to the advance of the invasion. This concurs with the seasonal variation 
of the rate of expansion of the Argentine ant detected by Sanders et al. 
(2001) in northern California in accordance with physical environmen-
tal changes. Thus, Holway (1998b) and Holway et al. (2002b) postulated 
the necessity of considering variation in the physical environmental 
conditions and not only the biotic interactions in evaluating the 
community-level vulnerability to invasion. 

CONCLUSION 

If a numerically dominant species is one that dominates the commu-
nity abundance and/or biomass (Davidson 1998), then our results 
could be evidence of the numerical dominance of the Argentine ant in 
the invaded Iberian Mediterranean areas. This dominance is not 
explained by a higher ant biomass in comparison with non-invaded 
zones but by the higher monopolization of the ant abundance and 
biomass exerted by L. humile in the invaded zones. As the invasion 
progresses, and the native ants become displaced due to their lower 
exploitative and interference competition ability when faced with L. 
humile, the dominance of resources and community biomass exerted by 
the Argentine ant becomes more important. The higher competitive 
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ability of the Argentine ant vs native ants is apparently variable due to 
the seasonally changing environmental conditions of the Mediterra-
nean climate areas. However, its continuous expansion in these areas 
indicates that its mean competitive ability for the whole of the year is 
also higher than natives. 

ACKNOWLEDGMENTS 

We are grateful to P. Pons for comments on previous versions of the 
manuscript. X. Espadaler provided useful information and helped in 
the identification of the ants. This study has been financed by the 
Spanish Ministry of Education and Science (CGL2004-05240-C02-02/ 
BOS). 

REFERENCES 

Andersen, A.N. 1992. Regulation of “momentary” diversity by dominant species 
in exceptionally rich ant communities of the Australian seasonal tropics. 
American Naturalist 140: 401-420. 

Andersen, A.N. 2000. A global ecology of rainforest ants: functional groups in 
relation to environmental stress and disturbance, pp. 25-34. In: Agosti, D., 
J.D. Majer, L. Alonso & R. Schultz (eds.), Ants, Standard methods for 
measuring and monitoring biodiversity. Smithsonian Institution Press, 
Washington. 

Begon, M., J.L. Harper & C.R. Townsend 1996. Ecology: Individuals, Populations 
and Communities. Blackwell Science. 

Bestelmeyer, B.T. 2000. The trade-off between thermal tolerance and behavioural 
dominance in a subtropical South American ant community. Journal of 
Animal Ecology 69: 998-1009. Cammell, M.E., M.J. Way & M.R. Paiva 
1996. Diversity and structure of ant communities associated with oak, 
pine, eucalyptus and arable habitats in Portugal. Insectes Sociaux 43: 37- 
46. 

Cerdá, X., J. Retana & S. Cros 1997. Thermal disruption of transitive 
hierarchies in Mediterranean ant communities. Journal of Animal Ecology 
66: 363-374. 

Cerdá, X., J. Retana & A. Manzaneda 1998. The role of competition by 
dominants and temperature in the foraging activity of subordinate species 
in Mediterranean ant communities. Oecologia 117: 404-412. 

Cerdá, X. 2001. Behavioural and physiological traits to thermal stress tolerance 
in two Spanish desert ants. Etología 9: 15-27. 

Cole, F.R., A.C. Medeiros, L.L. Loope & W.W. Zuehlke 1992. Effects of Argentine 
ant on arthropod fauna of Hawaiian high-elevation shrubland. Ecology 73: 
1313-1322. 

Crooks, J.A. 2002. Characterizing ecosystem-level consequences of biological 
invasions: the role of ecosystem engineers. Oikos 97: 153-166. 



15 J. Oliveras et al. —  Dominance of Argentine Ant and Resource Searching 

Cros, S., X. Cerdá & J. Retana 1997. Spatial and temporal variations in the 
activity patterns of Mediterranean ant communities. Ecoscience 4: 269- 
278. 

Davidson, D.W. 1998. Resource discovery versus resource domination in ants: 
a functional mechanism for breaking the trade-off. Ecological Entomology 
23: 484-490. 

Espadaler, X. & C. Gómez 1997. Soil surface searching and transport of 
Euphorbia characias seeds by ants. Acta Oecologica 18: 39-46. 

Fellers, J.H. 1987. Interference and exploitation in a guild of woodland ants. 
Ecology 68: 1466-1478. 

Gibb, H. & D.F. Hochuli 2003. Colonization by dominant ant facilitated by 
anthropogenic disturbance: effects on ant assemblage composition, biomass 
and resource use. Oikos 103: 469-478. 

Gómez, C. & X. Espadaler 2000. Species body-size distribution and spatial 
scale in Iberian ants. Vie Milieu 50: 289-295. 

Gómez, C. & J. Oliveras 2003. Can the Argentine ant (Linepithema humile Mayr) 
replace native ants in myrmecochory? Acta Oecologica 24: 47-53. 

Hoffmann, B.D., A.N. Andersen & G.J. Hill 1999. Impact of an introduced ant 
on native rain forest invertebrates: Pheidole megacephala in monsoonal 
Australia. Oecologia 120:595-604. 

Hölldobler, B. & E.O. Wilson 1990. The Ants. Belknap Press Harvard, Cambridge, 
Massachusetts, USA. 

Holway, D.A. 1998a. Effect of Argentine ant invasions on ground-dwelling 
arthropods in northern California riparian woodlands. Oecologia 116: 252- 
258. 

Holway, D.A. 1998b. Factors governing rate of invasion: a natural experiment 
using Argentine ants. Oecologia 115: 206-212. 

Holway, D.A. 1999. Competitive mechanisms underlying the displacement of 
native ants by the invasive Argentine ant. Ecology 80: 238-251. 

Holway, D.A. & A.V. Suarez 1999. Animal behaviour: an essential component 
of invasion biology. Trends in Ecology & Evolution 14: 328-330. 

Holway, D.A., L. Lach, A.V. Suarez, N.D. Tsutsui & T.J. Case 2002a. The causes 
and consequences of ant invasions. Annual Review of Ecology and 
Systematics 33: 181-233. 

Holway, D.A., A.V. Suarez & T.J. Case 2002b Role of abiotic factors in governing 
susceptibility to invasion: a test with Argentine ants. Ecology 83: 1610- 
1619. 

Human, K.G. & D.M. Gordon 1996. Exploitation and interference competition 
between the invasive Argentine ant, Linepithema humile, and native ant 
species. Oecologia 105: 405-412. 

Human, K.G. & D.M. Gordon 1997. Effects of Argentine ants on invertebrate 
biodiversity in northern California. Conservation Biology 11: 1242-1248. 

Human, K.G. & D.M. Gordon 1999. Behavioral interactions of the invasive 
Argentine ant with native ant species. Insectes Sociaux 46: 159-163. 

Kaspari, M. & M.D. Weiser 1999. The size-grain hypothesis and interspecific 
scaling in ants. Functional Ecology 13: 530-538. 



16 Sociobiology Vol. 45,  No. 3, 2005 

Levings, S.C. 1982. Patterns of nest dispersion in a tropical ground ant 
community. Ecology 63: 338-344. 

McGlynn, T.P. 1999a. The worldwide transfer of ants: geographical distribution 
and ecological invasions. Journal of Biogeography 26: 535-548. 

McGlynn, T.P. 1999b. Non-native ants are smaller than related native ants. 
American Naturalist 154: 690-699. 

Morrison, L.W. 2000. Mechanisms of interspecific competition among an 
invasive and two native fire ants. Oikos 90: 238-252. 

Passera, L. 1994. Characteristics of tramp species, pp. 23-43. In: Williams, D.F. 
(ed.), Exotic ants: biology, impact, and control of introduced species. 
Westview, Boulder, Colorado. Porter, S.D. & D.A. Savignano 1990. Invasion 
of polygyne fire ants decimates native ants and disrupts arthropod 
community. Ecology 71: 2095-2106. 

Reichman, O.J. 1979. Desert granivore foraging and its impact on seed 
densities and distributions. Ecology 60: 1085-1092. 

Sanders, N.J., K.E. Barton & D.M. Gordon 2001. Long-term dynamics of the 
distribution of the invasive Argentine ant, Linepithema humile, and native 
ant taxa in northern California. Oecologia 127: 123-130. 

Savoilanen, R. & K. Vepsäläinen 1988. A competition hierarchy among boreal 
ants: impact on resource partitioning and community structure. Oikos 51: 
135-155. 

Suarez, A.V., D.T. Bolger & T.J. Case 1998. Effects of fragmentation and 
invasion on native ant communities in coastal southern California. Ecology 
79: 2041-2056. 

Suarez, A.V., D.A. Holway & T.J. Case 2001. Patterns of spread in biological 
invasions dominated by long-distance jump dispersal: insights from 
Argentine ants. Proceedings of the National Academy of Sciences USA 98: 
1095-1100. 

Tsutsui, N.D., A.V. Suarez, D.A. Holway & T.J. Case 2001. Relationships 
among native and introduced populations of the Argentine ant (Linepithema 
humile) and the source of introduced populations. Molecular Ecology 10: 
2151-2161. 

Witt, A.B.R. & J.H. Giliomee 1999. Soil-surface temperatures at which six 
species of ants (Hymenoptera: Formicidae) are active. African Entomology 
7: 161-164. 


