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Abstract

In this paper, we examine the hypothesis that reduced intraspecific aggression underlies the competitive prowess
of Argentine ants in their introduced range. Specifically, we test three predictions of this hypothesis by comparing
the genetic diversity, behavior, and ecology of Argentine ants in their native range to introduced populations.
Differences between native and introduced populations of Argentine ants were consistent with our predictions.
Introduced populations of the Argentine ant appear to have experienced a population bottleneck at the time of
introduction, as evidenced by much reduced variation in polymorphic microsatellite DNA markers. Intraspecific
aggression was rare in introduced populations but was common in native populations. Finally, in contrast to the
Argentine ant’s ecological dominance throughout its introduced range, it did not appear dominant in the native ant
assemblages studied in Argentina. Together these results identify a possible mechanism for the widespread success
of the Argentine ant in its introduced range.

Introduction

Despite the widespread problems associated with bio-
logical invasions, the proximate causes differentiating
invasion success and failure remain poorly under-
stood even in some of the most economically impor-
tant examples. Developing a better understanding of
the mechanistic underpinnings behind a particular
invader’s success is important for three reasons. First,
the success of effective control strategies often hinges
upon a detailed understanding of the factors govern-
ing the establishment and spread of introduced species.
Second, a knowledge of the mechanisms responsible
for invasion success may clarify the importance of dif-
ferent biotic interactions as determinants of community
structure. Finally, the introduction and subsequent iso-
lation of a population can lead to short-term evolution-
ary changes, providing a model to study fundamental
mechanisms underlying evolutionary processes such as
founder effects, genetic erosion, and speciation.

Studies that compare the ecology of invasive species
between their introduced and native ranges can be par-
ticularly insightful. For example, invasive species may
thrive in their introduced range due to the absence of
competitors, predators, parasites, or diseases that help
regulate populations in the native range (Elton 1958;
Orians 1986; Pimm 1991; Porter et al. 1997). This
type of biotic release can increase colonization suc-
cess and subsequent rate of spread. The biology of
invasive species might also differ between the native
and introduced ranges due to genetic changes associ-
ated with small population sizes at the time of intro-
duction (Ross and Keller 1995; Ross et al. 1996).
Such genetic changes may, in turn, lead to changes in
behavior, physiology, and morphology that can further
influence invasion success. While the native ranges of
invasive species are often surveyed for appropriate bio-
logical control agents (e.g., Orr et al. 1995, 1997) or
to investigate genetic processes (Berlocher 1984; Ross
et al. 1993; Eckert et al. 1996), few studies attempt to
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compare the ecology or behavior of invasive species
between their introduced and native ranges. Such stud-
ies offer great promise to elucidate the causal mecha-
nisms promoting the success of an invasive species.

Ants are renowned for their invasive capabilities
and many ‘tramp’ species have become established
worldwide (Vinson 1986; Ḧolldobler and Wilson 1990;
Vander Meer et al. 1990; Williams 1994). Such
species include the red imported fire ant (Solenopsis
invicta), the little fire ant (Wasmannia auropunctata),
the big-headed ant (Pheidole megacephala), and
the Argentine ant (Linepithema humile, formerly
Iridomyrmex humilis). The consequences of these inva-
sions are important and varied. For example, inva-
sive ants often reduce native ant diversity (Clark
et al. 1982; Ward 1987; Porter and Savignano 1990).
Since ants are important scavengers and predators, and
commonly participate in mutualisms (Hölldobler and
Wilson 1990), changes to native ant communities may
cascade to other taxa and trophic levels. For example,
in the fynbos of South Africa, plants that require native
harvester ants to disperse their seeds suffered reduced
recruitment in areas where Argentine ants displaced
native ants (Bond and Slingsby 1984). Additionally, in
the Hawaiian islands, which lack native ants, the intro-
duction of the Argentine ant has resulted in reductions
in the native arthropod fauna (Cole et al. 1992). There is
also a growing body of literature suggesting that exotic
ants impact vertebrates (Mount 1981; Allen et al. 1995;
Suarez et al. 1999).

In this study, we compare the biology of the
Argentine ant (Linepithema humile) between portions
of its native range (Buenos Aires Province, Argentina)
and introduced ranges (Chile and California, USA) in
an effort to clarify the underlying basis of this invasion.
Native to South America, Argentine ants have been
introduced widely and are most successful in Mediter-
ranean climates (Passera 1994). Throughout their intro-
duced range, Argentine ants competitively displace
other ants (Newell and Barber 1913; Crowell 1968;
Erickson 1971; Tremper 1976; Bond and Slingsby
1984; Majer 1994; Cammel et al. 1996). Moreover,
Argentine ants are an important agricultural and urban
pest (Newell and Barber 1913; Smith 1936; Knight and
Rust 1990). Despite the widespread problems asso-
ciated with Argentine ant invasions throughout their
introduced range, little is known about the ecology of
this species in its native range.

Throughout their introduced range, Argentine ants
are unicolonial, that is, they maintain expansive super-
colonies in which intraspecific aggression is largely

absent (Ḧolldobler and Wilson 1977). In such super-
colonies, behavioral boundaries are weak to non-
existent, and queens and workers move freely among
spatially separate nests (Newell and Barber 1913;
Markin 1968, 1970). Unicoloniality contrasts with
multicoloniality, the colony structure exhibited by most
ants, which is characterized by well-developed nest-
mate recognition and intense intraspecific aggression
(Hölldobler and Wilson 1990; Bourke and Franks
1995). The lack of nestmate recognition, typical of uni-
colonial species, might have several causes. First, uni-
colonial species, including the Argentine ant, are highly
polygynous (nests contain many queens). The higher
genetic variability present in polygynous colonies may
reduce the efficiency of nestmate recognition systems,
particularly if these abilities derive from genetically-
based odors (Ḧolldobler and Michener 1980; Keller
and Passera 1989; Bourke and Franks 1995). Second,
the effectiveness of a recognition system may be fur-
ther compromised by a loss of genetic variation. For
example, a genetic bottleneck following introduction
and establishment would result in genetic homogeniza-
tion across spatially separate nests, which could fur-
ther impair recognition abilities. Polygynous species,
that have to contend with a variety of genetically based
odors within the colony, may be particularly sensitive
to this loss of genetic diversity.

The lack of intraspecific aggression, typical of uni-
colonial populations of the Argentine ant, may underlie
its strong competitive ability. The competitive prowess
of this species probably results from several conse-
quences of its unusual colony structure which include
large colony size and the maintenance of multiple nests,
both of which may contribute to the high exploitative
and interference abilities of this species (Human and
Gordon 1996; Holway 1999).

We hypothesize that the Argentine ant’s strong com-
petitive ability in its introduced range might have
resulted from changes in its social structure following
introduction. We ask the following: (1) Have Argentine
ants gone through a genetic bottleneck in their intro-
duced range? (2) Do patterns of nest-mate recogni-
tion differ between the native and introduced ranges?
(3) Are Argentine ants less dominant members of
ant communities in their native range? We evaluated
these questions in the following way. First, we used
microsatellite DNA markers to examine genetic diver-
sity between native and introduced populations. We
predict reduced levels of genetic variation in introduced
populations, consistent with a population bottleneck
at the time of introduction. Second, we predict that
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Argentine ants exhibit a higher frequency of intraspe-
cific aggression in their native range relative to that
typical of introduced populations. Finally, we predict
that if intraspecific aggression is more common in the
native range, the interspecific competitive ability of
the Argentine ant will be reduced. As a consequence,
Argentine ants should coexist with numerous species
of ants in their native range and not be as numerically
dominant as they are in their introduced range.

Methods

Study areas

Native range. Within their native range in Buenos
Aires Province, Argentina, we surveyed ants at three
sites located along a gradient of disturbance: Reserva
Otamendi (Otamendi), Reserva Ecológica Costanera
Sur (Costanera Sur), and urban parks in metropoli-
tan Buenos Aires (Figure 1). Otamendi is a rural eco-
logical reserve located approximately 55 km NW of
Buenos Aires and includes a variety of habitats such as
grasslands, seasonal wetlands, and riparian woodlands.
Costanera Sur, located within the city of Buenos Aires,
contains restored freshwater marsh and riparian wood-
lands in a variety of successional stages; this reserve
is bordered on three sides by the city (urban parks and
docks) and one side by the Rio de la Plata. Lastly, we
surveyed two urban parks within Buenos Aires (Plaza
Capãna del Desierto and a park located one block north
of the intersection of Ave. Del Libertador and Ave.
Carlos F. Melo). Both parks contained well-watered
lawns planted with a variety of ornamental trees. We
conducted research in Argentina in December 1997
(the austral summer).

Introduced range. We investigated aspects of the
biology of Argentine ants in two widely separate por-
tions of their introduced range: California and central
Chile (Figure 1). Both central Chile and California were
used to compare differences between introduced and
native populations in intraspecific aggression, however,
only sites in California were used for comparison of
genetic variation and ant community composition. In
Chile, we collected Argentine ants from Santiago and
cities along the Pacific coast including Valparaiso, Viña
del Mar, Quintero and Puchuncavi (Figure 1) primarily
in urban areas, matorral, andEucalyptuswoodland. We
conducted research in Chile in early December 1997.
In southern California, Argentine ants were collected

for aggression assays and genetic analysis between
November 1996 and March 1997 from the University
of California at San Diego (UCSD) and Encinitas in
San Diego County and Temecula in southern Riverside
County (Figure 1), primarily in urban areas and coastal
scrub habitats where they are common (Suarez et al.
1998). Using baits and pitfall traps, we compared ant
communities in areas with and without Argentine ants
in three habitat types in California: coastal sage scrub
(Rice Canyon; sampled June 1997) and chamise cha-
parral (Elliot Reserve; sampled August 1996) in San
Diego County (Suarez et al. (1998) for full description
of study areas) and riparian woodland in Yolo County
(sampled July 1996; see Holway (1998a, 1999) for a
full description of study areas).

Genetic differentiation among introduced and
native populations

We compared overall genetic variation between ants
from Argentina and California using microsatellite
molecular markers. A small-insert partial genomic
library was constructed using DNA extracted from
worker brood collected on the campus of UCSD. DNA
was extracted from this material using a QIAamp Tis-
sue Kit (Qiagen). Twenty-five µg of this DNA was
digested overnight with Eco R1 and Bam H1, and
the entire sample was electrophoresed on a 1.0%
agarose gel. Digested DNA, 300 to 700 base pairs
in size, was cut out of the gel and purified using a
Bio101 Geneclean kit. This DNA was then ligated into
Eco R1/Bam H1-digested pBluescript II. The ligation
products were electroporated into Stratagene SURE
electroporation-competant cells. This library was then
grown and hybridized to nylon transfer membranes
using standard techniques (Sambrook et al. 1987).
These membranes were then screened with P-32 end-
labeled oligonucleotide repeats for clones containing
microsatellites. Plasmids from positive colonies were
sequenced, and primer sets were designed from the
regions flanking the microsatellites. These microsatel-
lites were then screened for polymorphism via poly-
merase chain reaction (PCR) of genomic DNA from
individual ants collected from populations in Argentina
and from introduced populations in California. Three
polymorphic microsatellites were cloned and used to
calculate heterozygosity. Ten Argentine ant workers
were genotyped from each of 13 nests in Argentina
(7 from Otamendi, 6 from Costanera Sur) and 16 nests
in California (8 from UCSD, 8 from Encinitas).
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Figure 1. Map of study areas within the native (Argentina) and introduced (central Chile and California, USA) ranges of the Argentine
ant. Study sites are shown as dark circles within insets. Introduced and native areas are similar in latitude.

Expected heterozygosity is defined as the heterozy-
gosity that would be obtained if the populations were in
Hardy-Weinberg equilibrium. We calculated unbiased
estimates of expected heterozygosity (Nei 1987) and
compared differences between introduced and native
populations using a permutation test based on Monte
Carlo randomizations (T. Price, unpublished program).

Geographic variation in intraspecific aggression

To examine patterns of intraspecific aggression in the
Argentine ant’s native and introduced ranges, we devel-
oped a simple assay to quantify the relative aggres-
sion between workers from spatially separate nests.
Argentine ants were collected with an aspirator directly
from trails leaving the nest entrance. We assessed

aggression by placing one ant from each of two colonies
into a 2-dram glass vial and scoring their interactions
for five minutes. The vials were coated with fluon
to prevent the ants from climbing the sides. Interac-
tions between the ants were scored as follows: 0=
ignore, 1= touch, 2= avoid, 3= aggression, and 4=
fighting. Ignores were contacts between individuals in
which neither ant showed any interest (i.e., no anten-
nation or aggression) and included contacts in which
ants walked over one another without hesitation. If a
contact included antennation, a touch was recorded.
Avoids were contacts that resulted in one or both of the
ants retreating in opposite directions. Aggression con-
sisted of head biting, leg biting, leg pulling, or charging.
Fighting included prolonged aggression between indi-
viduals and often consisted of one or both ants locking
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their mandibles onto a body part of the other, carrying
the other with its mandibles, or grappling. Between
five and ten trials were repeated for each colony pair.
The highest escalation score for each trial was averaged
across trials within each colony pair; this average was
used in the analyses.

The aggression assays were used (1) to determine
the overall frequency of fighting within introduced and
native populations and (2) to investigate the relation-
ship between intraspecific aggression and geographic
separation of colonies. In the first analysis, 34 colony
pairs were selected randomly throughout the study
areas (Figure 1). Each colony was only used once to
partially satisfy independence assumptions of statis-
tical tests, while recognizing the problem posed by
unicoloniality. Distances between colony pairs were
similar among the three study areas (0.01 to 66 km in
Argentina, 0.1 to 110 km in Chile, and 0.01 to 70 km in
California). A contingency table was used to examine
differences among the regions in the proportion of trials
that escalated to fighting. In the second analysis, we fur-
ther examined spatial patterns of intraspecific aggres-
sion. An additional 104 colony pairs were matched to
determine if aggression resulted from geographic sep-
aration. In California and Argentina, we focused this
increased sampling effort on areas where fighting was
detected in order to delineate aggressive groups.

Effects of Argentine ants on community
composition

In their introduced range, Argentine ants displace a
majority of native ant species. To determine whether
Argentine ants dominate ant communities in their
native range, we used a combination of visual sur-
veys, pitfall traps, and baits to estimate overall species
richness at three sites along a gradient of distur-
bance in Argentina. Visual surveys involved overturn-
ing objects, examining vegetation, and searching for
colonies and foraging trails along the ground. Visual
surveys were the exclusive means of surveying urban
sites due to the limitations of working in highly popu-
lated areas. We conducted pitfall trap and bait transects
at both Otamendi and Costanera Sur. At each site, 14
pitfall traps were placed 50 m apart in a linear tran-
sect. Each trap consisted of a 50 ml centrifuge tube
buried flush with the ground and filled with a mix-
ture of water and detergent. Traps were collected after
1.5 days. We also placed 14 baits, each consisting of
2.5 g of tuna, along the same linear transects used for

pitfall trapping. Bait stations were offset from pitfall
traps by 20 m so as to not influence each other. At each
bait, we recorded the abundance of each species present
every fifteen minutes for two hours.

To assess differences in the degree to which
Argentine ants dominate ant communities in their
native and introduced range, we compared the results of
the surveys in Argentina to surveys conducted in three
different invaded habitats in California. We pitfall-
trapped Elliot Reserve, Rice Canyon and Putah Creek
but placed baits only at the Elliot Reserve and Putah
Creek. We placed pitfall traps perpendicular to invasion
fronts of Argentine ants within each of the three habitat
types. Exact methods for the pitfall traps surveys were
different from those used in Argentina; details may be
found in Suarez et al. (1998) for the Elliot Reserve
and Rice Canyon, and in Holway (1998a) for Putah
Creek. At both the Elliot Reserve and Putah Creek, we
placed bait transects at invasion fronts in areas where
Argentine ants and native ants foraged together. Sev-
enteen baits were placed 10 m apart within the Elliot
Reserve, and 16 baits were placed 4 m apart at each of
five sites along Putah Creek.

Ants were identified to species or to morphospecies
within genera for tabulating species lists. Pitfall traps
and bait stations may not be independent within sites.
For this reason we compared the mean difference
between species richness in pitfall traps with and with-
out Argentine ants, and the proportion of baits dom-
inated by Argentine ants using two-samplet-tests.
Voucher specimens of ants recorded in these surveys
have been deposited in the Bohart Museum of Ento-
mology, University of California, Davis (UCDC).

Results

Genetic differentiation among introduced and
native populations

Consistent with a population bottleneck at the time of
introduction, both overall allelic diversity and levels of
heterozygosity were lower in introduced populations
than in populations from Argentina (Table 1). At the
three microsatellite loci examined, Argentine popula-
tions of Linepithema humilehad a total of 17 alleles
(n = 130 workers). In contrast, only 8 alleles were
present at these three loci in the introduced Californian
populations, despite slightly greater sampling (n =
160 workers). All 8 alleles found in California were a
subset of those present in Argentina. Similarly, overall
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Table 1. Number of alleles and heterozygosity for 13 nests in
Argentina and 16 nests in southern California. Ten workers
from each nest were genotyped at each locus.

Location Locus Hexp Hobs No. of alleles

Argentina M1 (AG)9 0.617 0.308 5
S3 (CT)11 0.381 0.227 5
T1 (CT)23 0.764 0.362 7

California M1 0.006 0.006 2
S3 0.132 0.141 2
T1 0.133 0.120 4

heterozygosity was higher in Argentina (H= 0.299)
than in California (H = 0.089) (permutation test,
P < 0.001). The levels of heterozygosity at Otamendi
and Costanera Sur were 0.227 and 0.385, respectively,
whereas Californian sites were lower, at 0.117 (UCSD)
and 0.060 (Encinitas) (Table 1).

Geographic variation in intraspecific aggression

The frequency of aggression between colonies of
Argentine ants varied among the three locations (Chi-
square test:df = 2, χ2 = 18.67, P < 0.001). In
Argentina, 9 of 12 trials escalated to fighting, whereas
in Chile and California, 0 of 7 trials and 1 of 15 tri-
als respectively escalated to fighting. Argentine ants
fought more often in their native range than in either
introduced population (Fisher’s exact test: Argentina
vs. California,df = 1, χ 2 = 13.349,P < 0.001;
Argentina vs. Chile,df = 1,χ2 = 9.975,P < 0.002),
whereas levels of aggression were low in both portions
of their introduced range (Fisher’s exact test: California
vs. Chile,df = 1, χ2 = 0.489,P = 0.484). There
was no significant linear relationship between escala-
tion and distance at any of the three locations (Figure 2).

We further examined the relationship between inter-
colonial aggression and geographic separation in
California and Argentina between areas where fighting
was detected. Over large distances (>500 m), aggres-
sion among colony pairs was often absent in south-
ern California, while in Argentina, distant colony pairs
always escalated to fighting (Figure 3).

Effects of Argentine ants on community
composition

All three study areas in Argentina contained species
rich ant communities: Otamendi (32 species in 13 gen-
era), Costanera Sur (27 species in 14 genera), and urban

Figure 2. The relationship between intraspecific aggression and
small-scale geographic distance for native (Argentina) and intro-
duced (Chile and California) populations of the Argentine ant.
The data points represent the average of each of the highest esca-
lation values from five to ten trials between colony pairs. The
regression lines shown are for illustrative purposes only (linear
regressions between escalation and distance were not significant).

Buenos Aires (18 species in 11 genera). The Argentine
ant was present in all three communities. In contrast,
areas invaded by the Argentine ant in its introduced
range typically contain few native ants (Erickson 1971;
Tremper 1976; Ward 1987; De Kock and Giliomee
1989; Fuentes 1991; Cammel et al. 1996; Human and
Gordon 1996; Suarez et al. 1998; Holway 1998a). For
example, a typical urban site in southern California
has, on average, three native species of ants (Suarez
et al. 1998, A.V. Suarez, unpublished data). Unlike in
introduced areas, where Argentine ants largely exclude
native ant colonies and have a discernable front of inva-
sion (Erickson 1971; Holway 1998b), in Argentina, we
found Argentine ant nests interspersed with colonies of
many other ant species.

Pitfall trap surveys demonstrated that, within sites,
Argentine ants fail to reduce ant species richness
in the native range (Figure 4). In addition, at both
Argentina sites, pitfall traps containing Argentine ants
were not localized in a particular area of the reserve but
rather were widely dispersed throughout. For example,
Argentine ants were captured in traps 2, 5, 8 of 14 in
Otamendi and traps 3, 4, 8, 13 of 14 in Costanera Sur.

The results of the bait transects further indicate that
Argentine ants do not numerically dominate ant com-
munities in their native range. Argentine ants monopo-
lized fewer baits at sites in their native range than they
did in their introduced range in California (Figure 5). At
Otamendi, Argentine ants were present at 4 of 15 baits
but were only able to monopolize one. At Costanera
Sur, Argentine ants were present at 5 of 15 baits but
were only able to monopolize three. In contrast, at
contact zones in California, where both native ants
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Figure 3. Average escalation values versus geographic separa-
tion in Argentina and California. Filled circles indicate colony
pairs in which trials escalated to fighting; open circles indicate
pairs in which trials did not escalate to fighting. The data points
represent average highest escalation values from five to ten tri-
als between colony pairs from areas where intraspecific aggres-
sion was detected within Argentina and California; some colonies
were used more than once for these comparisons. Therefore, these
points are not independent of one another. Values for Chile are
not shown because intraspecific aggression was never detected
there. In California, an effort was made to sample nests across
supercolony boundaries. Therefore, the number of points over-
represents the frequency of aggression in California.

and Argentine ants had access to baits, Argentine ants
excluded native ants from 76% of the baits on average
(Figure 5).

Discussion

Differences between native and introduced populations
of Argentine ants were consistent with all three of our

Figure 4. The mean (+1 SE) number of ant species per pitfall trap
for traps with and without Argentine ants in two sites in Argentina
(native range) and three sites in California (introduced range). The
sites in California include three habitat types: chamise chaparral
(Elliot Reserve) coastal sage scrub (Rice Canyon) and riparian
woodland (Putah Creek). The mean difference in the number of
ant species between traps with and without Argentine ants was
greater in the introduced range than it was in the native range
(two-samplet-test: t = 4.201,df = 3, P = 0.0246). Sample
sizes indicated above each bar. The values for Putah Creek were
averaged across five separate sites and are modified from Holway
(1998a).

Figure 5. Proportion of baits dominated by different ant species
or genera at two sites in Argentina (native range) and two sites in
California (introduced range). Argentine ants dominated a higher
proportion of baits in California than they did in Argentina (two-
samplet-test: t = 9.433, df = 2, P = 0.0111). The values
for Putah Creek were averaged across five separate sites and are
modified from Holway (1999).

predictions. Argentine ants exhibited lower heterozy-
gosity in their introduced range in California than in
their native range in Argentina. Intraspecific aggres-
sion was rare or absent within introduced populations
examined. Finally, Argentine ants were not numer-
ically dominant in the native populations studied.
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Together these results identify a possible mechanism
for the widespread success of the Argentine ant.

Genetic differentiation among introduced and
native populations

We show that Argentine ants have undergone a popu-
lation bottleneck at the time of introduction, and we
suggest that comparative examination of population
genetic structure at the levels of nest, supercolony,
and range may elucidate mechanisms contributing to
the extreme unicoloniality and competitive dominance
seen in the introduced ranges. Ross et al. (1993) also
report evidence for a genetic bottleneck in the imported
fire ant,Solenopsis invicta, following introduction into
North America.

The large difference between observed and expected
heterozygosities in Argentina indicates population sub-
division in the native range. In Argentine popula-
tions, expected heterozygosity (Hexp) at all three loci
was much higher than observed heterozygosity (Hobs)
(Table 1). Allele frequencies were not distributed ran-
domly across nests; some alleles were disproportion-
ately common in some nests while absent in others.
This pattern is consistent with nest-level differentiation
and concomitant reduction in Hobs (relative to Hexp) due
to the Wahlund effect. This effect was not observed
in introduced populations suggesting that the genetic
organization of Argentine ant social structure differs
between native and introduced populations (Tsutsui
et al. unpublished manuscript). This may result from
the limited dispersal capabilities of Argentine ants.
Argentine ant queens shed their wings within the nest
and do not undergo nuptial flights, consequently colony
reproduction only occurs by budding (Newell and
Barber 1913; Passera and Aron 1993). Although colony
reproduction occurs in the same way in California,
a genetic bottleneck at the time of introduction fol-
lowed by the recent range expansion throughout the
introduced range is likely to have caused the reduction
in genetic differentiation seen there. Since Argentine
ants have been present in California for less than 100
years (Woodworth 1908), it is unlikely that there has
been sufficient time for this population to have reached
equilibrium. Furthermore, human-mediated dispersal
is common in California where Argentine ants are over-
whelmingly abundant in urban areas (Knight and Rust
1990). Their continuing spread by human commerce
(particularly the transport of produce, agriculture and
decorative shrubbery) may make this species less sub-
structured in California compared to their native range.

Geographic variation in intraspecific aggression

The spatial scale at which intraspecific aggression
was detected differed between native and introduced
ranges. In Argentina, fighting was common at all spa-
tial scales, and frequently occurred both within and
among local sites. In contrast, colony pairs in south-
ern California and Chile rarely fought, even at large
distances. This suggests that Argentine ants in their
introduced range behave as a single supercolony over
large spatial scales (Holway et al. 1998). However, in
California, aggression was detected between at least
two supercolonies, implying at least some ‘colony’
boundaries.

Both polygyny and loss of genetic variability may
influence nestmate recognition. Previous work has
shown that increased polygyny in Argentine ants is
associated with a reduction in the ability of workers
to discriminate nestmates (Keller and Passera 1989).
It is also likely that the genetic homogeneity in the
introduced range might further reduce nestmate recog-
nition by decreasing the available discriminatory cues
needed to distinguish nestmates. Although nestmate
recognition cues may not be exclusively genetically
based, it is likely that heritable cues are involved in
nestmate recognition in ants (Hölldobler and Wilson
1990). A plausible consequence of decreased nest-
mate recognition is the loss of intraspecific aggression,
the breakdown of colony boundaries and ultimately,
unicoloniality.

The loss of intraspecific aggression typical of uni-
colonial ants may allow these species to achieve high
population densities. For example, Holway (1998b)
reported that in California Argentine ant densities
in invaded areas were four to ten times higher than
the combined densities of native ants in paired unin-
vaded areas. Additional evidence that unicoloniality
leads to high population densities comes from stud-
ies of the red imported fire ant, which occurs in
two forms in its introduced range in the southeast-
ern USA: a multicolonial, monogyne form and a
more unicolonial, polygyne form (Ross et al. 1987).
The polygyne form ofS. invictaalso attains densities
exceeding those of the native ants it displaces (Porter
and Savignano 1990). Moreover, the polygyne form
occurs at twice the density of the monogyne form
in the southeastern USA (Macom and Porter 1996).
The high population densities typical of unicolonial
ants may enhance their competitive ability and allow
them to invade new environments successfully. Support
for this idea comes from the observation that
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many highly invasive ants are unicolonial to varying
degrees; examples includeWasmannia auropunctata,
Monomorium pharaonis, Pheidole megacephalaand
Lasius neglectus(Hölldobler and Wilson 1977; Van
Loon et al. 1990; Passera 1994).

Effects of Argentine ants on community
composition

In Argentina, the Argentine ant appears to coexist with
native species in species-rich communities. Given that
our sampling in Argentina was limited to only three
sites and one season, additional sampling would have
generated even higher estimates of species richness.
These results stand in marked contrast to communi-
ties invaded by the Argentine ant in California, which
typically include few native ant species and for which
our sampling is more exhaustive. There are several
hypotheses that may explain this difference.

First, the loss of intraspecific aggression and
concomitant shift to unicoloniality may allow the
Argentine ant to competitively displace a majority of
native ant species throughout its introduced range. For
example, Holway (1999) reported that Argentine ants
were proficient at both exploitative and interference
competition relative to native ant species in northern
California, which were subject to a trade-off in their
ability to engage in both forms of competition. The
strong competitive ability ofL. humileresults from high
worker densities rather than the competitive proficiency
of individual workers (Tremper 1976; Holway 1999).
The loss of intraspecific aggression and subsequent
abandonment of territorial behavior typical of intro-
duced populations allow worker densities to attain high
levels (Holway et al. 1998). Large colony sizes, typical
of unicolonial species, often play a role in determining
competitive ability in ants generally (Holldobler and
Lumsdsen 1981; Adams 1990).

Second, like many introduced species, Argentine
ants undoubtedly thrive in the absence of natural ene-
mies. For example in Brazil, the presence of parasitic
phorid flies in the genusPseudacteonlimit Argentine
ant foraging during the day, when the flies are active,
and cause Argentine ants to abandon baits (Orr and
Seike 1998). The threat of parasitism by phorid flies has
been implicated as a mechanism regulating the popula-
tions of other ecologically dominant ants (Feener 1981;
Feener and Brown 1997). The above two hypotheses
are not mutually exclusive. The loss of genetic varia-
tion and release from natural enemies may have worked

in concert to cause the observed change in colony struc-
ture between the Argentine ant’s native and introduced
ranges.

It is possible that a similar chain of events explains
the shift in social structure and the subsequent increase
in invasion success ofSolenopsis invicta. Colony den-
sity is higher in their introduced range in the south-
eastern USA than in their native range in Argentina
and Brazil (Porter et al. 1992, 1997). Moreover, Porter
et al. (1997) suggest that their success in the introduced
range is likely due to a release from natural predators
and parasites. These higher colony densities may have
also promoted the observed changes in social structure
from the monogyne form to the polygyne form (Ross
and Keller 1995; Ross et al. 1996).

Implications for control

The results of this study suggest an association between
the loss of genetic variation and a reduction in intra-
specific aggression in the Argentine ant. If future
research substantiates a causal relationship between
genetic diversity and nestmate discriminatory ability,
a possible avenue for biological control could include
attempts to increase genetic variation within intro-
duced populations. For example, this could be accom-
plished by introducing males from genetically diverse
populations, increasing the frequency of intraspecific
aggression within supercolonies. Such a change could
ultimately lead to a decrease in the degree of uni-
coloniality. However, care should be exercised before
embarking upon such a course of action. Increasing
genetic diversity could undermine future biological
control efforts that might be able to capitalize on low
levels of genetic homogeneity.
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