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Abstract

The invasive Argentine ant Linepithema humile was found in close perimeters to inhabited houses situated in various habitat types
in Doñana National Park (Southern Spain). We suggest that the Argentine ant is found in these sites largely due to passive
importation by man, but from there may have the potential to spread into surrounding favourable natural habitats. Ant species

richness and diversity around houses was similar to that in natural habitats, except in the cases where the Argentine ant dominated,
where a considerable lower ant species diversity and richness was observed. The species composition of ants in the immediate vici-
nity of houses was very different from that of the surrounding natural habitats, although the species composition between houses

was very similar, regardless of the type of surrounding natural habitat. Ant species around houses were typically generalists,
opportunists or open habitat specialists. Many of these species are considered dominant in that they are characterised by having
large nests, aggressive behaviour and mass recruitment in response to attack. However, these species are displaced by the Argentine

ant when introduced. Not all ant species show the same responses to invasions by the Argentine ant, and some species, such as
Cardiocondyla batesii, Oxyopomyrmex saulcyi or Cataglyphis floricola, may be able to persist for a period following an invasion of
the Argentine ant. These species are characterised by small nests and submissive behaviour, and may survive by avoiding conflict

with the invasive species.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Which factors make some habitats susceptible to
invasion by the Argentine ant Linepithema humile
(Mayr, 1868) or other exotic species? A number of eco-
logical characteristics have been associated with the
susceptibility of communities to invasion by exotic spe-
cies, including low species richness, the absence of pre-
dators and parasites, the presence of empty niches and
the appearance of new niches due to habitat disturbance
(Hölldobler and Wilson, 1990; Holway, 1998a; Majer,
1994; Suarez et al., 1998). The truth is that it is practi-
cally impossible to make generalisations about which
communities are susceptible or resistant to biological
invasions, since the constants in theoretical models are,
in reality, variables that depend on the species compo-
sition of the community and on the invading species.
Therefore, in principle at least, all communities can be
invaded. For example, even if a habitat is species-rich
and all available niches are occupied, an invading spe-
cies may be able to establish itself if the biotic condi-
tions are favourable and it is able to displace resident
species (Newman, 1993).
However, the regions of the world where L. humile

now occurs, mostly areas characterised by a Mediterra-
nean climate (including Europe, the Americas, Australia
and South Africa), seem to be particularly susceptible to
biological invasions. Although these areas have quite
different ant communities depending on zoogeographical
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distribution of species and other factors, they share in
common large scale anthropogenic disturbances includ-
ing urban and agricultural development, which has
threatened many species with extinction (Macdonald et
al., 1988; Tremper, 1976).
Many protected ‘natural’ habitats have become

‘islands’ surrounded by severely disturbed habitats,
whose biological communities may differ in both species
composition and abundance from surrounding habitat,
leading to relatively small and isolated communities that
may be particularly sensitive to changes brought about
by the introduction of new species. In Doñana National
Park (Huelva, southwestern Spain), an area well known
for its conservation value and ecological vulnerability,
the non-native Argentine ant has already been found in
several sites within the Park. Previous observations have
suggested that the Argentine ant was concentrated
around visitors centres and staff houses. However, it is
unknown to what extent the Argentine ant is a real
problem in Doñana, whether it occupies areas away
from human dwellings or to what degree it is affecting
native ant communities.
The aims of this study were, firstly to determine the

distribution of L. humile in the Doñana Biological
Reserve and surrounding areas, and to identify factors
associated with the presence of L. humile, with respect
to human dwellings, vegetation and native ant fauna.
Secondly, to assess the impact of the Argentine ant on
native ant species.
2. Methods

2.1. The ants

Workers of this species are small, medium to dark
brown ants, reaching 2–3 mm in length. Workers are
extremely fast moving, often recruiting in high numbers.
As a typical ‘tramp’ ant, L. humile easily disperses
around the world through commerce and other human-
assisted avenues. It generally thrives in, although is not
limited to, disturbed or modified habitat such as agri-
cultural land and urban environments. Argentine ants
have a generalist diet that includes, nectar, insect, seeds,
and honeydew secreted by homopterous (Suarez et al.,
1998).

2.2. Study site

Doñana National Park is located on the southwest
coast of the Iberian peninsula (provinces of Huelva and
Seville, Spain) and covers an area of approximately
56,000 ha, which includes a large area of marshland at
the mouths of the Guadalquivir and Guadiamar rivers
(Fig. 1). The local climate is ‘sub-humid’ Mediterranean
influenced by the Atlantic, and according to Gaussen’s
(1968) classification, is included in the Mediterranean
climatic region.
The vegetation largely consists of scrubland sparsely

populated with large isolated cork oaks (Quercus suber)
and patches of introduced pines (Pinus pinea). As a
result of its rolling topography, a legacy of the sand
dune origin of the region, and a shallow water table, the
higher areas are characterised by xerophytic vegetation,
whilst the lower damper areas are characterised by
hygrophytic vegetation (Rodriguez, 1991).
Within the Park there are various human dwellings

including wardens houses, visitor centres, and within the
Biological Reserve there is the ‘Palacio de Doñana’,
an old hunting residence which is now an adminis-
trative and research centre (see Fig. 1). Some of these
buildings are known to be occupied by the Argentine
ant. In this study, we examine the ant fauna around
eight wardens houses and the visitors centre at La
Rocina (Table 1). These environments usually consist of
small dwellings and auxiliary buildings such as chicken
coups and stables. The largest of these groups of
buildings are centred around the ‘Palacio de Doñana’
(where the Chalet is found) and the visitors centre at
La Rocina. Exotic, ornamental or garden plants can
sometimes be found around these centres of human
activity.
These human habitats can be found within all the

main habitat types in the National Park (described
later). The higher elevation areas of the Park contain
xerophytic scrubland or ‘monte blanco’ dominated by
the shrub Halimium halimifolium. Other abundant
plant species in the monte blanco habitat include Cistus
libanotis, Lavandula stoechas and Thymus mastichina.
Dense monotypic pine plantations also occur in dry
areas, and are characterised by a low productivity and a
sparse understorey of Rosmarinus officinalis, H. halimi-
folium and L. stoechas amongst others. In areas close to
the marsh with higher soil humidity, the xerophytic
scrubland gives way to a transition scrubland habitat
(transitional monte blanco) characterised by more
diverse vegetation and abundant grassy clearings. The
main plant species in this habitat include Ulex spp.,
Erica spp., Armeria velutina, H. halimifolium, H. com-
mutatum, Myrtus communis and occasional cork oaks.
In the areas of lowest elevation and the highest soil
humidity, vegetation is dominated by heathland or
‘monte negro’ species, such as Erica ciliaris, E. scoparia,
Stauracanthus genistoides, Calluna vulgaris, M. commu-
nis, Ulex minor, Rubus ulmifolius, Ruscus aculeatus and
Pteridium aquilinum and occasional cork oaks. At the
edge of the marsh is a strip of eutrophic grassland with
patches of hygrophytic vegetation (e.g. Juncus spp.,
Ulex spp., R. ulmifolius, P. aquilinum, etc.) known as the
‘vera’, situated in the transition zone between the
scrubland and the seasonally flooded grassland of the
marsh.
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2.3. Sampling method

In order to maximise the number of species detected
when making species lists, it has been recommended to
employ a variety of sampling techniques (Espadaler and
Lopez-Soria, 1991). Pitfall traps are the most commonly
used tool for sampling soil surface ants. Although they
have some drawbacks (Southwood, 1978), they gen-
erally give a good indication of the relative importance
of soil surface species, and can trap ants with very dif-
ferent patterns of daily activity (Cerda and Retana,
1988). In order to reduce quantitative sampling biases
due to differences in colony size and foraging behaviour
between species, we carried out analyses using presence/
absence data of species in traps rather than the abun-
dance of workers caught in traps (Suarez et al., 1998). In
each of the principle habitat types described (monte
blanco, monte negro, transitional monte blanco, vera and
pine plantation), we placed five transects of 10 pitfall
traps (i.e. a total of 50 traps per habitat) placed at 5 m
intervals along each transect for a period of 48 h. In the
human environments (i.e. immediate vicinity of wardens
houses and visitors centre), we placed a total of 40 pit-
fall traps along four transects at each site, also for a
duration of 48 h. At each site the transects were placed
around the principle dwelling, radiating out in four
evenly spaced compass directions. When any of the
traps was lost, it was immediately replaced in the same
place and for the same period.
Pitfall traps were made from 100 ml plastic containers

with a 6 cm diameter. The cups were buried to the rim
in soil and filled with 25 ml of water mixed with 10% of
glycerine. The traps were placed in summer (July 1990),
the season associated with maximum activity of most
ant species in these latitudes (Tinaut, 1982; Acosta et
al., 1983a; Cerda and Retana, 1988; Jimenez and
Tinaut, 1992). In addition, as the frequency of ant spe-
cies in different communities is closely related to the
species composition of the vegetation (Carpintero et al.,
2000; Fernandez-Haeger and Rodriguez, 1982), we
measured the vegetative cover of each species of shrub
and tree over each pitfall trap.
Finally, in July of 1992 and 1993, we repeated pitfall

trap sampling in the four houses found to be associated
with L. humile in 1990 (Martinazo, Santa Olalla, Chalet,
La Rocina). The house of Martinazo was also sampled
in the summer of 1991.
Fig. 1. The location of Doñana NP in Spain and houses in the Park (see Material and Methods). Houses Codes: (1) Rocina, (2) Los

Guardas, (3) Hato Barrera, (4) La Algaida, (5) Martinazo, (6) Chalet, (7) Casa Control, (8) Sta. Olalla, (9) El Puntal.
Table 1

Cross-classification of houses by surrounding natural habitat and

whether inhabited. All the uninhabited houses are in the ‘‘Vera’’
Vegetation types
 Inhabited
 Uninhabited
Monte blanco
 El Puntal
Casa Control
Pine plantation
 Rocina
Vera
 Martinazo
 La Algaida
Los Guardas
Hato Barrera
Transitional Monte blanco
 Chalet
Monte Negro
 Sta. Olalla
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3. Results

3.1. Analysis of vegetation over pitfall traps

We identified 27 types of vegetative cover over traps
(Table 2). These ranged from completely bare, or sur-
rounded by grasses or herbaceous plants, to completely
covered by a bush or tree, including both indigenous
and introduced plant species.
In order to identify the categories of vegetative cover

over traps, we carried out a factorial correspondence
analysis. The first three axes accounted for 66% of the
total inertia, and the first two 54.4% (Total iner-
tia=2.5754, w2=3605.5, d.f.=338, P<0.0001). When
habitat type (site) is plotted against the first two axes
(Fig. 2) several patterns are evident:

(1) Axis 1 separates monte negro sites from all others,
even though one of the houses (Santa Olalla) is set in
monte negro habitat. However, the house of Santa
Olalla is located on a crossing of sandy paths bor-
dered with open grassland (92.5% of traps are in
sand or grassland), so that the vegetative cover of the
traps in this site was more closely related to the
vegetative cover of traps in vera habitat (82% of traps
in sand or grassland) than monte negro habitat (0%
in sand or grassland, 72% under Erica spp.). The
transitional monte blanco sites appear on the positive
side of axis 1, because in common with monte negro
sites, they are characterised by hygrophytic vegeta-
tion. Although one of the houses, the ‘Chalet’ is
located on the negative side of axis 1, it appears close
to the transitional monte blanco sites, reflecting the
presence of this habitat type around the house.
(2) The pine plantation and monte blanco sites which
are both relatively dry habitats, are found on the
positive side of axis 2. The relative positions of La
Rocina and the ‘Control’ houses on the graph reflect
the natural habitats surrounding these sites: pine
plantations and monte blanco, respectively.

There is also a large grouping showing the association
between the vera habitat with the houses located in this
habitat (Hato Barrera, Martinazo, Los Guardas, La
Algaida) and the houses of Chalet, Santa Olalla and El
Puntal, although the last is close to monte blanco, where
it is located.
As such, the habitats surrounding houses constitute a

fairly homogenous environment very similar to the vera
habitat, with which they share various characteristics (a
large number of traps with no vegetative cover, or
Table 2

Percentage value of coverture of all the tramps for every site (MB—Monte Blanco, PI—Pine plantation, MN—Monte Negro, TR—Transitional

Monte Blanco, VE—Vera, HAL—House La Algaida, HHB—Hato Barrera, HGU—Los Guardas, HPU—El Puntal, HCO—Casa Control, HCH—

Chalet, HMA—El Martinazo, HST—Santa Olalla, CRO—Centro de recepción La Rocina)
% Coberture
 MB
 PI
 MN
 TR
 VE
 HAL
 HHB
 HGU
 HPU
 HCO
 HCH
 HMA
 HST
 HRO
Open ground
 36
 2
 44
 52.5
 52.5
 45
 45
 52.5
 15
 55
 55
 37.5
Poaceae (Gramineae)
 18
 30
 37.5
 47.5
 32.5
 27.5
 42.5
 17.5
 35
 20
Annual grass
 8
 42
 8
 7.5
 5
 40
 22.5
 2.5
 2.5
Armeria spp.
 2
 14
Juncus spp.
 4
 4
Rosmarinus officinalis
 14
 20
 5
Lavandula staechas
 8
 8
 5
 5
Myrtus communis
 2
 2
Phillyrea angustifolia
 4
Pistacia lentiscus
 2
Osyris quadripartita
 6
 2.5
Cistus libanotis
 10
 5
C. salvifolius
 2
Halimium commutatum
 8
H. halimifolium
 12
 8
 8
 12
 12.5
 12.5
 5
 2.5
Daphne gnidium
 2
Stauracanthus genistoides
 4
 8
Ulex spp.
 4
Erica spp.
 72
 12
Quercus suber
 4
Pinus pinea
 56
 5
 40
Populus nigra
 5
 2.5
Mesembryanthemum edulis
 7.5
Eucalyptus spp
 22.5
 5
Pteridium spp.
 2.5
Firewood
 2.5
Citullus vulgaris
 2.5
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covered by grasses or herbaceous plants), although they
are influenced to a certain degree by the natural habitats
where they are located.

3.2. Ant fauna

We identified 31 species of ants which varied in
abundance between sites (Table 3). Species richness
varied between 5 (in the vera habitat and two houses in
which L. humile was found: La Rocina and Chalet) to
14 (transitional monte blanco). The highest values of
diversity were found in two natural habitats (monte
blanco and transitional monte blanco), whilst the lowest
values were found in two of the houses associated with
L. humile (La Rocina and Chalet). The results show that
considerable variation in species richness and diversity
exists within both natural and human habitats.
In order to identify associations between habitat types

and ant species composition, we carried out a factorial
correspondence analysis using presence/absence of ant
species in traps. The first axes accounted for 70.16% of
the total inertia, and the first two 50.21% (Total iner-
tia=2.067, w2=3087, d.f.=390,P<0.0001). The biplot of
the first two axes (Fig. 3) showed the following patterns:

(1) The xerophytic habitats (pine plantation and
monte blanco) appear on the positive side of axis 1,
and the hygrophytic habitats (transitional monte
blanco, vera and monte negro) on the negative side of
axis 1. This shows that the ant fauna is strongly
influenced by habitat type and soil humidity in the
natural habitats. Although the house of Santa Olalla
is situated within monte negro habitat, the majority of
traps (92.5%) were located in sand or grassland,
making its ant fauna more closely related to that
found around other houses than monte negro habitat.
(2) The houses of La Rocina and Chalet were com-
parable in the large abundance of L. humile, and for
there distance from all other habitats, both natural
and human.
(3) The rest of the houses and natural habitats appear
in a large group in the centre of the plot.

Except for the houses of La Rocina and Chalet, the
pattern of ant fauna between sites was similar to that of
Table 3

Species richness (S), diversity (H0, Shannon–Weaver index) and equitability (J0) by habitat class type (calculated using presence/absence of species in

traps)
Natural habitats
 Uninhabited houses
 Inhabited houses without L. humile
 Inhabited houses with L. humile
TR
 MN
 PI
 MB
 VE
 CHB
 CGU
 CAL
 CPU
 CCO
 CSA
 CMA
 CRO
 CCH
S
 14.0
 11.0
 12.0
 7.0
 5.0
 11.0
 11.0
 8.0
 12.0
 12.0
 11.0
 9.0
 5.0
 5.0
H0
 3.1
 3.1
 2.9
 2.3
 1.8
 3.0
 2.9
 2.5
 2.9
 2.5
 2.9
 2.7
 1.6
 1.4
J0
 0.8
 0.9
 0.8
 0.8
 0.7
 0.8
 0.8
 0.8
 0.8
 0.7
 0.8
 0.9
 0.7
 0.6
Abbreviations same as in Fig. 2. The lowest values of diversity are in the houses with Argentine ant.
Fig. 2. Study sites plotted against the first two axes obtained from a factorial correspondence analysis of site and vegetative cover over traps. MB—

monte blanco, PI—pine plantation, MN—monte negro, TR—transitional monte blanco, VE—vera, CAL—house of La Algaida, CHB—house of

Hato Barrera, CGU—house of Los Guardas, CPU—house of Puntal de Los Gonzalez, CCO—control house, CCH—Chalet, CMA—house of

Martinazo, CST—house of Santa Olalla, CRO—visitors centre at La Rocina.
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vegetative cover, in that all the houses were grouped
together, although they were influenced to some extent
by the surrounding natural habitats.
In order to show which species were associated with

the proximity of houses, we grouped species by there
presence in different areas (Table 4). There were 10
species exclusive to natural habitats, and six only found
around houses. The remaining species were divided
amongst the three other distribution categories defined
in Table 4.

3.3. Inter annual variation in species found in houses as-
sociated with the Argentine ant

The annual abundance of species in houses associated
with L. humile is presented in Table 5. In two of these
four houses, there were significant differences in the
abundance of some ant species between the first and last
year of sampling (Santa Olalla w2=54.31, d.f.=10,
P<0.001; Martinazo w2=18.76, d.f.=8, P<0.05).
However, in the other two houses, there was no tem-
poral change in abundance of L. humile or native spe-
cies (Chalet w2=6.88, d.f.=5, P>0.05; Rocina
w2=2.93, d.f.=5, P>0.05).
In one of the houses (Martinazo) sampling was car-

ried out over four consecutive years, including 1991
when the Argentine ant was found in 11 of the 40 traps
set. Thus, in July of each of the 4 years of sampling
L. humile appeared in 9, 11, 23 and 24 traps. This
suggests a rapid initial growth of the Argentine ant
population in this site, which then stabilised over the
last 2 years of sampling.
In those houses in which the Argentine ant had

increased in abundance over time, there tended to be an
associated decrease in the abundance of native species.
Only Cataglyphis floricola seemed to remain unaffected.
In the house of Santa Olalla Crematogaster auberti did
not change in abundance between years, and in the
house of Martinazo, Messor lusitanicus and M. mar-
ocanus actually increased in frequency despite increases
Fig. 3. Study sites plotted against the first two axes obtained from a factorial correspondence analysis of site and composition of ant species in traps.

(Abbreviations same as in Fig. 2).
Table 4

Classification of ant species by their occurrence (percentage of traps) in natural and human habitats (i.e. around houses). Some species are exclu-

sively associate to houses
Occur only in natural

habitats (100%)
Mostly found in natural

habitats (>66%)
Occur in both habitats

(33–66%)
Mostly found around

houses (>66%)
Occur only around

houses (100%)
Hypoponera punctatissima
 Aphaenogaster gibosa
 Aphaenogaster senilis
 Messor marocanus
 Messor bouvieri
Myrmica aloba
 Leptothorax rabaudi
 Tetramorium hispanicum
 Messor lusitanicus
 Messor hispanicus
Crematogaster scutellaris
 Plagiolepis schmitzii
 Crematogaster auberti
 Oxyopomyrmex saulcyi
 Leptothorax naeviventris
Solenopsis robusta
 Lasius niger
 Tapinoma erraticum
 Tetramorium caespitum
 Cataglyphis rosenhaueri
Leptothorax racovitzai
 Formica fusca
 Cataglyphis floricola
 Tapinoma nigerrima
 Linepithema humile
Leptothorax tyndalei
 Cardiocondyla batesii
Lasius brunneus
Camponotus pilicornis
Camponotus lateralis
Formica subrufa
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in the trap frequency of L. humile in both houses.
However, these species were mainly found in traps
located farthest from the houses, whilst L. humile was
usually absent from these traps.
It is possible that some ant species are more suscep-

tible than others to competition with L. humile. In order
to determine if any native species were associated with
of L. humile, we carried out a factorial correspondence
analysis using presence/absence data for each species in
traps around houses associated with L. humile. The first
two axes accounted for 90.3% of total inertia (Total
inertia =0.86766, w2=306.28, d.f.=36, P<0.0001). In
the space defined by the first two axes (Fig. 4), the
Argentine ant is shown to be associated principally with
Oxyopomyrmex saulcyi and Cardiocondyla batesii, and
to a lesser extent, with Cataglyphis floricola.
4. Discussion

4.1. Distribution of the Argentine ant

In this study L. humile was only found in the
immediate vicinity of houses set within the Doñana
Park in a variety of natural habitat types, suggesting
that the surrounding habitat was not an important fac-
tor affecting the presence of L. humile. The habitat in
the immediate vicinity of all the houses was very similar,
Fig. 4. Ant species found in traps plotted against the first two axes obtained from a factorial correspondence analysis of site (only includes houses

occupied by the Argentine ant) and composition of ant species in traps. (CAUB=C. auberti, PSCH=P. schmitzii, LNIG=L. niger, MMAR=M.

marocanus, TCAE=T. caespitum, TNIG=T. nigerrima, ASEN=A. senilis, THIS=T. hispanicum, MLUS=M. lusitanicus, OSAU=O. saulcyi,

CBAT=C. batesii, CFLO=C. floricola, LHUM=L. humile).
Table 5

Number of traps occupied by each species in 1990, 1991 and 1993 in the four houses where L. humile was present (total=40 traps). In the houses

occupied in 1990 by the Argentina ant its occupation stayed
SANTA OLALLA
 MARTINAZO
 CHALET
 LA ROCINA
1990
 1992
 1993
 1990
 1992
 1993
 1990
 1992
 1993
 1990
 1992
 1993
L. humile
 3
 20
 30
 9
 24
 23
 34
 33
 30
 35
 34
 39
C. floricola
 7
 9
 9
 30
 29
 33
 9
 11
 12
 35
 34
 34
T. hispanicum
 2
 4
 0
 30
 18
 21
 0
 0
 1
T. nigerrima
 23
 8
 9
 26
 11
 15
A. senilis
 1
 11
 0
 27
 18
 24
 4
 4
 3
 0
 1
 0
L. Nı́ger
 6
 1
 0
M. marocanus
 14
 15
 2
 5
 10
 17
 2
 0
 0
 2
 0
 2
T. caespitum
 6
 2
 0
 3
 4
 1
 1
 3
 4
P. schmitzii
 2
 0
 0
 0
 2
 0
C. auberti
 2
 3
 2
O. saulcyi
 1
 1
 0
 1
 3
 1
 6
 3
 6
M.lusitanicus
 14
 14
 17
 0
 1
 2
C. batesii
 2
 5
 6
L. racovitai
 0
 1
 0
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characterised by a sparse cover of vegetation (between
55/60 and 100% of traps located in sand or grassland).
The clearing of vegetation around houses may favour
the unicolonial Argentine ant in various ways. For
example, cleared ground may facilitate range expansion
of this species with budding reproduction, by allowing
increased mobility of groups of workers and queens
(Passera and Aron, 1993).
The next step was to determine whether the ant fauna

around houses was more influenced by local habitat
structure, or by the surrounding natural habitat, and to
what extent native ant community favoured the estab-
lishment of L. humile. In general, the habitats in the
immediate vicinity of houses were no less diverse and/or
species rich than natural habitats (Table 3). The sur-
roundings of the houses are very similar in vegetation
and fauna and different from the natural vegetation.
Ant species richness and diversity around houses did
not depend on whether the houses were inhabited,
although in those cases with a high abundance of
Argentine ant, where there was a decrease in species
diversity and richness. However, there was a difference
in ant species composition between the immediate vici-
nity of houses and the surrounding natural habitats.
This is shown graphically (Fig. 2), where separate
groupings can be identified for the houses with a
high abundance of Argentine ants (La Rocina and
Chalet), and for the majority of the other houses,
including those with a low abundance of Argentine ants,
and houses situated in vera, monte blanco and monte
negro habitats. These patterns suggest that the cutting
of vegetation around houses create local conditions
favouring some species and excluding others, leading to
species compositions distinct from those in surrounding
natural habitats.
When comparing the composition and abundance of

species around houses with that of natural habitats
(Table 4), we find that:

(1) The species found in natural habitats and absent
or only present in low density around houses, tend to
be species associated with relatively humid habitats
(H. punctatissima, L. racovitzai, L. tyndalei, F. subrufa,
M. aloba, A. gibbosa, L. niger and F. fusca), forests or
scrubland (C. scutellaris, C. pilicornis, C. lateralis, L.
brunneus, L. rabaudi and P. schmitzii) (Bernard, 1968;
Rodriguez and Fernandez-Haeger, 1983; Tinaut,
1981).
(2) Species that are common to both houses and nat-
ural areas, are amongst the most abundant species in
the Park (Carpintero et al., 2001), and include species
typical of xerophytic habitats (C. floricola), open
habitats (T. hispanicum) or opportunist species with a
broad habitat range (A. senilis, T. erraticum, C.
auberti) (Acosta et al., 1983a; Cerda and Retana,
1988; Retrepo et al., 1985).
(3) Those species found uniquely or in relatively high
abundance around houses include species typical of
open habitats (M. bouvieri, M. hispanicus, L. naevi-
ventris, C. rosenhaueri, M. marocanus, M. lusitanicus,
O. saulcyi) and opportunist species often associated
with man (T. caespitum, T. nigerrima, L. humile)
(Pisarski and Czechowski, 1978). C. batesii is also
found in this group, and is a specialist of relatively
unstable substrates (Acosta et al., 1983b).

Therefore, opportunists, generalists or open habitat
ant species are found in the immediate vicinity of
houses, whilst forest species associated with scrubland
and hygrophytic habitats are usually absent. This find-
ing is comparable with studies carried out in urban
environments, which show that arboreal species, and
species associated with shady or humid conditions are
generally absent, whilst ants and other insect species
associated with open, dry or semi-dry habitats (Chud-
zicka et al., 1990), and generalist species (Pisarski and
Kulesza, 1982) are relatively common.
Although the houses in the Natural Park cannot be

considered as true urban habitats, because they do not
have certain diagnostic characteristics such as high
human density, reduced quantity of surface and under-
ground water, loss of soil, pollution, removal of indi-
genous vegetation and introduction of foreign species,
increased ground temperatures, etc. they are habitats
influenced by human activity, and may be considered as
semi-natural areas (McDonnell and Pickett, 1990).
The immediate surroundings of houses are associated

with a distinct habitat type and fauna, but the diversity
of the ant fauna around houses is not less than that of
natural areas in the Park, suggesting that low ant
diversity is not a critical factor in determining the
establishment of the Argentine ant. In addition, we can
reject the hypothesis that low competitive ability of
local ant species is key in the establishment of the
Argentine ant in this area, since many native species
found around houses such as T. hispanicum, M. maro-
canus and T. nigerrima form large colonies, show
aggressive behaviour, respond to attacks in large num-
bers, and so are considered as dominant species (Cerda
et al., 1998a,b; Hölldobler and Wilson, 1990; Pisarski
and Vepsäläinen, 1989). In another study on the coast
of France, the Argentine ant has been shown to be able
to displace dominant ant species such as Tetramorium
spp. and Tapinoma erraticum (Passera, 1994).
The fact that the Argentine ant is only found in the

immediate vicinity of inhabited houses is not because
these houses have special environmental conditions or
vegetation structure, nor is it due to low ant species
diversity. We suggest that the Argentine ant is found in
these house because (a) the propagule pressure (rate of
arrival of invading individuals) is likely to be higher
around inhabited houses due to the constant human
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movement of materials from areas outside the Park
(Crowell, 1968; Forte, 1956; Passera and Aron, 1993;
Woodworth, 1910), (b) houses provide good conditions
for initial establishment, including both abiotic factors
(humidity, food, etc.) and biotic factors (i.e. absence of
other formicids in houses). Argentine ant invasions may
begin in houses, where the colony is built up to a suffi-
cient size before expanding its range into new ground
(Fellers and Fellers, 1982). In Hawaii, Fluker and
Beardsley (1970) showed that L. humile does not invade
new ground for around 4–6 months after establishment,
whilst the colony grows sufficiently to reach an invasive
state, when they become very aggressive and start to
gain new territory.
Is it possible to determine whether an Argentine ant

population is expanding or whether it will invade sur-
rounding natural habitats? Pisarski and Kulesza (1982)
have described L. humile as a true anthropophilic spe-
cies. However, in California L. humile has appeared not
only in altered habitats but also natural woodlands
(riverine forest), where they have reduced local species
diversity (Holway, 1998a,b; Ward, 1987). Also in Cali-
fornia, Suarez et al. (1998) found that the Argentine ant
occupied human altered habitats associated with exotic
vegetation, paths, etc. but was capable of invading nat-
ure reserves with unaltered vegetation, and displacing
native ant species. In South Africa, De Kock and
Giliomee (1989) found L. humile in human altered
habitats close to residential areas, but also found that L.
humile penetrated into natural habitats via roads and
paths, regardless of the presence or absence of exotic
vegetation.
In Haleakala National Park in Hawaii, Fellers and

Fellers (1982) also found L. humile associated with
human altered habitats around the Park offices and
laboratories, never being found more than 1 km from
these buildings. However, they did not rule out the
possibility that they could spread further. Cole et al.
(1992) suggested that the Argentine ant has the poten-
tial to occupy a much larger area of Haleakala National
Park than that observed in the previous study men-
tioned. These studies show that the Argentine ant is
capable of invading natural habitats from nearby
human altered habitats.
The abundance of paths and roads may be an impor-

tant factor facilitating the rapid spread of the Argentine
ant even in very large nature reserves, not only by
creating favourable habitats along roadsides, but also
by speeding up dispersal via passive transport in auto-
mobiles. The factors that appear to be most important
in limiting range expansion of the Argentine ant are
abiotic, including low temperatures and prolonged
droughts (De Kock et al,. 1992; Fellers and Fellers,
1982; Forte, 1956; Hertzer, 1930; Holway, 1998a; 1999;
Majer, 1994; Suarez et al., 1998; Tremper, 1976; Van
Schagen et al., 1994; Ward, 1987; Woodworth, 1910).
All these studies lead us to believe that the Argentine
ant has the potential to occupy favourable natural
habitats in Doñana, particularly the relatively moist
habitats such as the areas surrounding pools or patches
of monte negro near the edge of the marsh.

4.2. The impact of the Argentine ant on native species

In the four sites invaded by the Argentine ant, two
distinct patterns were observed. In two of the houses
there was an increase in the abundance of L. humile
accompanied by the disappearance or decrease in
abundance of native species, whilst in the other two
houses, there was no temporal trend in the abundance
of the different species present (Table 5). These different
patterns may reflect different stages of establishment of
the Argentine ant in these sites: recently invaded sites
(Santa Olalla and Martinazo) may be associated with
a rapid expansion of the Argentine ant population
and a corresponding decrease in the abundance of
native species, whilst long established populations
(Chalet and Rocina) may be associated with more stable
population dynamics, as observations of the Argen-
tine ant population in the house of Martinazo
suggest. In Bermuda, Brandao and Paiva (1994) and
Haskins and Haskins (1988) found that the range
expansion of L. humile decreased at high population
densities. A similar pattern of population growth is
observed in other ant species, supporting the hypothesis
that population growth of colonies of social insects is
regulated by density-dependent processes (Henderson et
al., 1989).
The Argentine ant is likely to vary in its impact on

native species, displacing some species sooner than oth-
ers. Cardiocondyla batesii and Oxyopomyrmex saulcyi,
which are trapped in low frequencies and characterised
by small body and colony size (Bernard, 1968; Tinaut,
1981), seem to belong to the latter category, often being
found in the presence of L. humile. Although Catagly-
phis floricola is caught in relative high numbers in the
same traps as L. humile, it is probable that these two
species have little direct interaction, since C. floricola is
active in the hottest part of the day when all other spe-
cies are inactive. In addition, C. floricola can move long
distances from its nest in search of food, such that co-
occurrence of workers of the two species in traps does
not necessarily denote proximity of colonies (unpub-
lished data). In general, species that are able to co-exist
with dominant species (abundant, aggressive, territorial,
etc.) (Greenslade, 1976), are those that occupy a low
position in the competitive hierarchy, usually defending
only their nests and often occupying sub-optimal habi-
tats (Pisarski and Vepsäläinen, 1989).
Other authors have found similar relationships, such

as Holway (1998a), Suarez et al. (1998) and Sanders et
al. (2001), who have described different ant species
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as being more or less vulnerable to the presence of
L. humile. For example, Prenolepis imparis is little
affected by the presence of the Argentine ant due to the
seasonal difference of its peak activity period. Another
ant species, the small (approximately 2 mm in length)
subterranean Leptothorax andrei, has also been shown
to be relatively resistant to Argentine ant invasions,
probably due to lack of niche overlap. Similarly,
Plagiolepsis pygmaea and Solenopsis fugax were found
to persist in areas colonised by L. humile in Portugal
and the south of France (Chopard, 1921; Passera,
1994).
This type of pattern has been described for other

invasive ant species such as Solenopsis invicta, Pheidole
megacephala, Paratrechina longicornis or Wasmannia
auropunctata, which generally displace ant species with
similar ecological requirements, whilst other species,
which may have different requirements, or occupy a
lower hierarchical position or occupy sub-optimal
niches, are more resistant to the presence of these inva-
ders (Haskins and Haskins, 1988; Morris and Steigman,
1993; Phillips et al., 1987; Porter and Savignano, 1990;
Stein and Thorvilson, 1989; Tennant, 1994; Wetterer et
al., 1999).
Finally, it seems certain that man is the principle dis-

persal agent for the Argentine ant (Passera, 1994).
Many methods of control are being tested against this
species and other pest ants (Vander Meer et al., 1990;
Williams, 1994) but actually the best strategies for lim-
iting the spread of this and other invasive species to
ecologically sensitive areas should include measures to
avoid the arrival of invasive propagules carried by
man, for example, by checking materials brought into
protected areas, and limiting vehicle and/or personal
access. In addition, it is important to establish mon-
itoring programs so that infestations can be rapidly
detected, to have contingency eradication or control
programs and to reduce the area of habitats conducive
to colonisation by invasive species (e.g., reducing dis-
turbed areas) (De Kock and Giliomee, 1989; Macdo-
nald, 1990; Newell and Barber, 1913; Reimer, 1994;
Woodworth, 1910).
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