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(Lowe et al.  2000 ). Additionally, two of  these species 
 –   L. humile  at second and  S. invicta  at fourth  –  are 
among the four most studied invasive species (Pysek et 
al.  2008 ). Of  these fi ve notorious invasive ants, Elton 
mentioned only  L. humile  and  P. megacephala  in his 
book. However, this probably should not be held 
against him because at the time much less was known 
about the other species. E.O. Wilson ’ s fi rst publication 
on the distribution of   S. invicta  in the southern USA 
was less than 10 years old (Wilson  1951 ), and the 
scope of  the ecological problems associated with  S. 
invicta  was not yet realized (Blu Buhs  2004 ). Similarly, 
information on  A. gracilipes  and  W. auropunctata  was 
largely relegated to the grey literature and regional 
taxonomic journals until the 1970s (Fabres  &  Brown 
 1978 ; Fluker  &  Beardsley  1970 ).  Pheidole megacephala  
has continued to receive considerable research atten-
tion, especially in Australia (Hoffmann  &  Parr  2008 ; 
Lach  &  Thomas  2008 ) and islands in the South Pacifi c 
(Savage et al.  2009 ). 

 At the time of  publication of  Elton ’ s book,  L. humile  
was relatively well studied in its introduced range. In 
fact, the fi rst records of   L. humile  are from the Atlantic 
island of  Madeira between 1847 and 1858, pre - dating 
the type specimen collected in Argentina in 1866 
(Wetterer  &  Wetterer  2006 ; Wetterer et al.  2009 ). The 
native range of  the Argentine ant includes the Parana 
and Uruguay River drainage areas of  Argentina, Brazil, 
Paraguay and Uruguay (Tsutsui et al.  2001 ; Wild 
 2004 ).  Linepithema humile  has become established in 
mild Mediterranean climates globally (for example 
California, Chile, the Mediterranean Coast of  Europe, 
coastal Australia, parts of  New Zealand, South Africa), 
and Wetterer et al.  (2009)  recently documented the 
occurrence of   L. humile  at over 2100 sites in 95 geo-
graphical areas (for example countries, states or 
islands) throughout the world (Fig.  18.1 ). Even in the 
1950s, however, Elton recognized that the Argentine 
ant was a global pest:

   ‘ The Argentine ant has also spread to 
other countries in an explosive way. In 
South Africa and Australia there has been 
the same elimination of  native ants. 
Australia both in the south and west was 
reached by 1939 - 1941, and a further 
bridgehead in New South Wales by 1951. ’      

 Several studies have tracked the rate of  invasion or 
range expansion by Argentine ants in their introduced 

    18.1    INTRODUCTION 

 Charles Elton ’ s  (1958)  classic book,  The Ecology of  
Invasions by Animals and Plants , provides numerous 
case studies of  biological invasions. Given the breadth 
of  taxonomic coverage that appears in the book, it is 
not surprising that Elton would mention several ant 
species and use them to illuminate several different 
general points about invasions. With regard to the 
spread, impact and control (or, more likely, lack 
thereof) of  some invasive ant species, Elton was usually 
prescient. Much has been learned about the spread and 
impact of  invasive ant species since the publication of  
 The Ecology of  Invasions by Animals and Plants . In this 
chapter, we revisit and elaborate on some of  the points 
that Elton raised about ant invasions. Our chapter is 
loosely organized around the chapter titles and key 
concepts of  Elton ’ s book. In  ‘ The invaders ’  (section 
 18.2 ), we introduce some of  the most notorious inva-
sive ant species, with particular focus on the Argentine 
ant: the ant that Elton most frequently referred to and 
has since become one of  the best studied invasive 
species (Pysek et al.  2008 ). In  ‘ New food chains for old ’  
(section  18.3 ), we discuss some of  the diverse ramifi ca-
tions of  invasion by the Argentine ant. In  ‘ The balance 
between populations ’  (section  18.4 ), we highlight the 
effects of  the Argentine ant on populations of  native 
species and how those effects can be temporally and 
spatially dynamic. We also discuss the balance of  popu-
lations between invasive ants and other ants in the 
native range of  the invasive species. The section 
 ‘ Ecological resistance and the role of  disturbance ’  
(section  18.5 ) addresses whether there are particular 
characteristics of  communities or ecosystems that 
make them more or less susceptible to invasion. Finally, 
in the last section,  ‘ Standing on Elton ’ s shoulders ’ , we 
suggest some possible avenues of  research for the next 
50 years of  ant ecology.  

   18.2    THE INVADERS 

 More than 150 ant species have been introduced 
outside their native ranges, but not all of  these species 
cause ecological or economic impact (McGlynn  1999 ). 
Five ant species  –   Anoplolepis gracilipes  (yellow crazy 
ant),  Linepithema humile  (Argentine ant),  Pheidole meg-
acephala  (big - headed ant),  Solenopsis invicta  (red 
imported fi re ant) and  Wasmannia auropunctata  (little 
fi re ant)  –  are among the 100 worst invasive species 
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of  several years (Tillberg et al.  2007 ). Importantly, the 
impacts of   L. humile  on native diversity can occur 
almost immediately, and the effects of   L. humile  can 
cascade across the entire ecosystem by disrupting the 
co - evolved interactions among species (see Suarez  &  
Case  2002 ; Lessard et al.  2009 ; Rodriguez - Cabal et al. 
 2009 ), something Elton devoted an entire chapter to 
called  ‘ New food - chains for old ’ .  

   18.3    NEW FOOD CHAINS FOR OLD 

    ‘ On the trees with ants, scale insects were 
on average fi ve times as common; at the 
peak of  the year 150 times. This was 
because the Argentine ants killed off  
many though not all of  the natural 
enemies and parasites of  the scales. ’    

 Argentine ants, as well as many other invasive ant 
species, disrupt food webs and mutualistic interactions 
with plants and honey excreting hemipterans (see 
Lach  2003, 2007 ; O ’ Dowd et al.  2003 ; Savage et al. 
 2009 ). The ability of  Argentine ants to exploit resources 
more effi ciently than many native species may allow 
them to monopolize an important and relatively stable 
food resource: honeydew from hemipterans and extra-
fl oral nectar from plants. Argentine ants have long 
been associated with high densities of  honeydew -
 producing hemipterans, especially in agricultural and 
riparian systems (Newell  &  Barber  1913 ). More gener-
ally, there seems to be a growing appreciation that 
tapping into carbohydrate - rich honeydew fuels ant 
invasions (O ’ Dowd et al.  2003 ; Tillberg et al.  2007 ; 
Rowles  &  Silverman  2009 ), and Argentine ants are 
no exception in their ability to exploit hemipterans 
and extrafl oral - nectar - bearing plants. Rowles and 
Silverman  (2009)  showed experimentally that access 
to carbohydrate - rich resources facilitated invasion of  
natural habitat by Argentine ants in North Carolina. 
The spread and impacts of  other invasive ant species 
might also be exacerbated by their participation in 
mutualisms with hemipterans. For example, the yellow 
crazy ant ( Anoplolepis gracilipes ) has had dramatic 
effects on the fl ora and fauna of  Christmas Island, in 
part because of  its interactions with scale insects 
(O ’ Dowd et al.  2003 ). Invasion by red imported fi re ant 
( Solenopsis invicta ) may be facilitated by introduced 
species of  mealybug in some parts of  its range (Helms 
 &  Vinson  2002 ). 

range (Suarez et al.  2001 ). At local spatial scales, the 
rate of  spread of  Argentine ants is quite slow (0 –
 250   m   yr  − 1 ) because colonies disperse by budding 
rather than by nuptial fl ights. However, at regional 
scales, Argentine ants move by human - assisted jump 
dispersal, resulting in rates of  spread of  several hundred 
kilometres per year (Suarez et al.  2001 ). Elton high-
lighted this scale - dependent rate of  spread in Argentine 
ants, noting that

   ‘ The Argentine ant is not, as a matter of  
fact, a very fast natural invader, for its 
nuptials take place almost entirely within 
the nest, and its movements by crawling 
would not take it more than a few hundred 
feet a year. It seems that transport in mer-
chandise, especially by railway train, dis-
persed it so quickly within the United 
States. ’    

 Long - term monitoring (see, for example, Holway 
 1998b ; Heller et al.  2008b ; Sanders et al.  2001 ) and 
historical data (Suarez et al.  2001 ) coupled with 
elegant experiments (Menke  &  Holway  2006 ) suggest 
that the rate of  invasion, and perhaps ultimately the 
global distribution of  Argentine ants, depends strongly 
on climate. 

 The impacts of   L. humile  on native biodiversity were 
also already clear at the time of  Elton ’ s book. For 
example, Elton wrote of  the Argentine ant:

   ‘ Everywhere it multiplied immensely and 
invaded houses and gardens and orchards, 
eating food or  –  out - of - doors  –  other 
insects, also farming scale insects and 
aphids on various trees  …  A conspicuous 
character of  this fi erce and numerous 
tropical ant is that it drives out native ants 
entirely. ’    

 Research over the past 25 years has confi rmed that 
almost everywhere it has become established, the 
Argentine ant has caused dramatic reductions in the 
diversity of  ants, changed the relative abundance of  
other arthropods and altered the structure of  commu-
nities (Ward  1987 ; Human  &  Gordon  1997 ; Holway 
 1998a ; Sanders et al.  2003 ; Oliveras et al.  2005 ; 
Tillberg et al.  2007 ; Carpintero et al.  2007 ; Abril  &  
Gomez  2009 ). For example, at a single site invaded by 
Argentine ants in southern California, the number of  
native ant species dropped from 23 to 2 over the course 
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addition, continued habitat alteration in southern 
California has negative impacts on coastal horned 
lizards but positive effects on  L. humile  by making some 
sites more susceptible to invasion. Thus it appears that 
habitat alteration combined with invasion by  L. humile  
could be responsible for declines in coastal horned 
lizard populations. There is also some evidence that 
Argentine ants affect bird populations as well (Pons 
et al.  2010 ).  

   18.4    THE BALANCE 
BETWEEN POPULATIONS 

 Though the impacts of  Argentine ants on native species 
can be immediate, substantial and diverse, they are 
also temporally dynamic. That is, the impacts might 
dissipate over time and interact with abiotic conditions 
such as weather and climate (Heller et al.  2008b ). 
Since 1993, Deborah Gordon ’ s research group has 
monitored the distribution of  the Argentine ant and 
native species in Jasper Ridge Biological Preserve in 
northern California. The data illustrate a couple of  
interesting points. First, and not surprisingly, sites 
with Argentine ants are species poor, for ants and 
other invertebrate taxa, relative to sites where 
Argentine ants have yet to invade (Human  &  Gordon 
 1997 ; Sanders et al.  2001 ). Second, though the 
number of  ant species in a site can decrease dramati-
cally upon the establishment by  L. humile , there is a 
positive correlation between ant species richness and 
the number of  years a site has been invaded (Heller et 
al.  2008b ). That is, in areas where Argentine ants 
cannot maintain high densities, the negative effects of  
Argentine ants on diversity might decrease through 
time. Finally, there seem to be strong seasonal and 
abiotic effects on the distribution and range expansion 
of   L. humile  at Jasper Ridge: the distribution of   L. humile  
increases in wet years and wet seasons and contracts 
during hot dry years and seasons (Human et al.  1998 ; 
Sanders et al.  2001 ; Heller et al.  2008b ). One of  the 
consequences of  this seasonal ebb and fl ow of  Argentine 
ants is that native species might rapidly colonize, or at 
least become more active, when Argentine ants retreat 
from a site (Sanders et al.  2001 ), something Elton 
 (1958)  pointed out:

   ‘ Just as soon as the Argentine ants begin 
to disappear, native ants invade the terri-
tory, and within a few years are as plenti-
ful as ever. ’    

 In addition to providing fuel for a work force, 
increased access to plant - based carbohydrates may 
also directly infl uence the growth and behaviour of  
invasive ants. In both Argentine ants (Grover et al. 
 2007 ) and fi re ants (Helms  &  Vinson  2008 ) access to 
carbohydrates can increase colony sizes by up to 50%, 
primarily through worker longevity. Moreover, access 
to carbohydrates can increase levels of  aggression and 
forger activity in Argentine ants (Grover et al.  2007 ). 
More research needs to be done to understand the role 
of  mutualism in invasion dynamics generally (Traveset 
 &  Richardson, this volume). This is especially impor-
tant for understanding ant invasions, given that ant –
 hemipteran interactions are ubiquitous in many 
systems. 

 Native ants provide numerous functions in ecosys-
tems, and when they are displaced by Argentine ants, 
those functions, more often than not, are lost. A classic 
study from the fynbos in South Africa showed the 
potential consequences of  invasion by  L. humile  for the 
plant species that relied on native ant species to dis-
perse their seeds (Bond  &  Slingsby  1984 ). A recent 
review of  the literature by Rodriguez - Cabal et al. 
 (2009)  found that, across all studies, sites with  L. 
humile  contained 92% fewer native seed dispersers 
than nearby sites without  L. humile , and that the loss 
of  native ant species had consequences: across all 
studies, sites with  L. humile  had 47% fewer seeds 
removed and seedling establishment was 76% lower. 
The effects of  Argentine ants on seed - dispersal mutual-
isms are not always straightforward, however, and 
Argentine ants may favour seeds of  some species over 
others (Rowles  &  O ’ Dowd  2009 ). Thus, for at least 
some plant species, Argentine ants may replace native 
ants as seed dispersers (Rowles  &  O ’ Dowd  2009 ). 

 Argentine ants affect more than just ants and the 
plants whose seeds the native ants disperse. They can 
also have indirect effects on vertebrate populations. In 
southern California, the Argentine ant has displaced 
numerous native ant species (Suarez et al.  1998 ; 
Tillberg et al.  2007 ), and this might have indirectly led 
to population declines of  coastal horned lizards (Suarez 
et al.  2000 ; Suarez  &  Case  2002 ). Suarez et al.  (2000)  
showed experimentally that when individual horned 
lizards are offered only  L. humile  as food, their growth 
rates decline precipitously. One compelling explana-
tion for the decline in horned lizard populations is that 
 L. humile  displaces the native ants (mostly in the genus 
 Pogonomyrmex ), and it is these native ants that make 
up around 90% of  the diet of  coastal horned lizards. In 
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tive abilities. Several different studies have shown that 
Argentine ants are more profi cient at fi nding and 
monopolizing resources than are native species 
(Human  &  Gordon  1996 ; Holway  1999 ). Taken 
together, the results of  these studies indicate that 
Argentine ants might not adhere to an exploitation –
 interference trade - off  that many native species are 
subject to. The basic idea of  competitive tradeoffs, in 
ants at least, was fi rst empirically tested by Fellers 
 (1987) . In a classic study, she found that, for a guild of  
native ant species, there was a negative relationship 
between interference ability and resource discovery 
rate. Holway  (1999)  was the fi rst to show that 
Argentine ants, at least relative to the suite of  native 
ant species with which they competed most directly, 
appeared to have broken the exploitation – interference 
trade - off  and are profi cient at both interference and 
exploitation. This competitive double blow, which is 
partly a product of  behaviour, colony size and colony 
structure, undoubtedly confers a unique advantage to 
Argentine ants in their introduced range. In the native 
range of  Argentine ants, however, several species are 
at least as profi cient at securing resources as are 
Argentine ants (LeBrun et al.  2007 ). This might 
account for Elton ’ s observation that the Argentine ant 
 ‘ does not appear to be generally a pest of  importance 
in [Argentina] ’ . LeBrun et al.  (2007)  argue that this 
release from competitive pressure might play an impor-
tant role in the success of  the Argentine ant in its intro-
duced range. 

 So far, we have documented that the Argentine ant 
has had substantial impacts on biodiversity and the 
integrity of  ecosystems outside its native range, as do 
many other invasive ant species (Holway et al.  2002a ). 
But what else have we learned about the success of  
invasive ants by studying their native ranges? Elton 
was a strong proponent of  studying invasive species in 
their native range in order to gain insights into what 
might make them invasive in their introduced ranges. 
It was perhaps not lost on Elton that most hypotheses 
suggested for the success of  invasive species (for 
example escape from natural enemies, increased com-
petitive ability, different competitive environment, pre -
 adapted to disturbance) require some comparison 
between native and introduced populations. 

 As pointed out above, Argentine ants experience dif-
ferent competitive environments in their native and 
introduced populations. This is not the only difference, 
however; Argentine ants also vary considerably in 
colony size among populations (Tsutsui et al.  2000 ; 

 Elton suggested that the impact of  the Argentine ant 
on native communities resulted from competitive dis-
placement by interference:

   ‘ When there is a very clear verdict, as 
with the Argentine ant, that hard fi ght-
ing has resulted in regular and cata-
strophic and general replacement of  other 
species, including other ants, the case is 
complete: that is replacement through 
interference. ’    

 Most studies of  invasive ants (if  not all ants generally) 
have focused on interference competition among 
species as the key determinant of  community structure 
(H ö lldobler  &  Wilson  1990 ; Holway et al.  2002a ). 
However, both interference and exploitative competi-
tion occur in ant communities. The outcomes of  inter-
ference interactions among species are likely 
determined by worker size (Fellers  1987 ), which 
species initiated the interaction (Human  &  Gordon 
 1999 ), or numerical advantages that depend recruit-
ment ability or colony size. Exploitative competition, 
on the other hand, likely depends on both the ability of  
individual foragers to quickly and effi ciently locate 
food resources, and the ability of  recruits to retrieve the 
food resources once they are discovered (Fellers  1987 ; 
Holway  1999 ; Human  &  Gordon  1996 ). 

 Argentine ants interfere with native species (Way 
et al.  1997 ; Holway  1999 ; Human  &  Gordon  1999 ;). 
However, detailed behavioural observations on inter-
actions among native ant species and Argentine ants 
indicate that the case for interference alone as a means 
of  displacement is not as clear as Elton suggested. For 
example, Human  &  Gordon  (1999)  found that, under 
some conditions, Argentine ants were just as likely to 
retreat from native ants as native ants were from 
Argentine ants. Argentine ants were, however, more 
likely than native ants to behave aggressively toward 
other species. In a similar experiment, Holway  (1999)  
found that, in head - to - head interactions, single 
Argentine ant workers experienced mixed success, but 
Argentine ant colonies were able to displace native ant 
species more often than not. Holway  (1999)  noted, 
 ‘ The discrepancy between worker - level and colony -
 level interference ability suggests that numerical 
advantages are key to the Argentine ant ’ s profi ciency 
at interference competition. ’  

 The numerical advantages conferred by a large 
colony size also increase the Argentine ant ’ s exploita-



Ant invasions: lessons learned and lessons to be learned  245

ants and resident species in introduced populations 
may have allowed them to become successful invaders, 
and characteristics of  communities might make them 
susceptible to invasion. We turn now to the interplay 
between invader and invaded community.  

   18.5    ECOLOGICAL RESISTANCE 
AND THE ROLE OF DISTURBANCE 

 Although there is little doubt that some characteristics 
of  the Argentine ant make it a successful invader, 
much less is known about whether there are particular 
characteristics of  ant communities that make them 
more or less susceptible to invasion. In the literature 
on non - ant invasive species, two characteristics have 
received the most research attention: ecological resist-
ance and disturbance. 

 Elton noted that not all introduced species become 
highly invasive:  ‘ there are enormously more invasions 
that never happen, or fail quite soon  …  they meet 
resistance. ’  Elton also speculated on the nature of  this 
 ‘ resistance ’ :

   ‘  …  they will fi nd themselves entering a 
highly complex community of  different 
populations, they will search for breeding 
sites and fi nd them occupied, for food that 
other species are already eating, for cover 
that other animals are sheltering in  …  
meeting ecological resistance. ’    

 Ecological resistance is the notion that areas with 
high species richness should be more diffi cult to invade 
than areas with low species richness (Levine et al. 
 2004 ). Though this hypothesis (now often called the 
biotic resistance hypothesis or the diversity – invasibility 
hypothesis; Fridley, this volume) has been tested both 
observationally and experimentally, mostly in plant 
communities (Fridley et al.  2007 ), it has yet to be tested 
experimentally in ants. Observational studies of  inva-
sion by Argentine ants have not provided direct evi-
dence that native ant diversity prevents or slows the 
spread of  Argentine ants in California (Holway  1998b ; 
Sanders et al.  2003 ; Carpintero et al.  2007 ; Roura -
 Pascual et al.  2009 ). However, it has been speculated 
that the species - rich ant communities in Australia, in 
which competitively dominant native ant species are 
often abundant, may offer resistance to ant invasions 

Pedersen et al.  2006 ; Heller et al.  2008a ; Vogel et al. 
 2009 ). Introduced populations of  Argentine ants have 
long been known to have large  ‘ supercolonies ’  where 
intraspecifi c aggression is absent among many spa-
tially separate nests (Newell  &  Barber  1913 ). When 
ants do not exhibit any intraspecifi c aggression among 
nests over the scale of  an entire population (for example 
the scale at which the potential for reproduction or 
competition can occur), that population is considered 
 ‘ unicolonial ’  (Bourke  &  Franks  1995 ; H ö lldobler  &  
Wilson  1977 ). Nearly all introduced populations of  
Argentine ants are unicolonial and the only exceptions 
are a few rare cases where two enormous supercolo-
nies come into contact with one another over large 
areas (Giraud et al.  2002 ; Thomas et al.  2006 ). 

 However, it was not until relatively recently that the 
spatial scale of  supercolonies was examined in native 
populations (Suarez et al.  1999 ). Although Argentine 
ants also exist in polydomous supercolonies in their 
native Argentina, they are much smaller and many of  
them will co - exist in a single population (Pedersen 
et al.  2006 ; Tsutsui et al.  2000 ). Therefore, in contrast 
to introduced populations where intraspecifi c aggres-
sion almost never occurs, territorial behaviour is rela-
tively common in native populations with dozens of  
intraspecifi cally aggressive supercolonies competing 
for resources. 

 It has been argued that intraspecifi c aggression 
among Argentine ant supercolonies can reduce their 
ability to monopolize resources, can infl uence colony 
growth (Holway et al.  1998 ) and result in massive 
mortality of  workers at contact zones (Thomas et al. 
 2006 ). Unicoloniality may therefore contribute to eco-
logical dominance by enhancing colonization ability, 
resource exploitation and interference interactions 
(Helanter ä  et al.  2009 ). Indeed, unicolonial colony 
structures have been documented or inferred for 
 Anoplolepis gracilipes ,  Linepithema humile ,  Pheidole meg-
acephala ,  Solenopsis invicta  and  Wasmannia auropunc-
tata . What we do know about unicoloniality is based 
largely on studies of  just a few species, and we still do 
not know answers to basic questions about the evolu-
tion of  unicoloniality or how it is maintained in eco-
logical time (Helanter ä  et al.  2009 ). 

 Ultimately, unicoloniality alone cannot account 
for the success of  invasive species in general, or the 
Argentine ant specifi cally. As Elton pointed out, the 
interplay between traits of  invaders and characteristics 
of  recipient communities determines invasion success. 
For example, novel interactions between Argentine 
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ant invasions. Similarly, Argentine ants appear to 
invade both disturbed and undisturbed habitats, and 
no study so far has explicitly tested the hypothesis that 
disturbed habitats are more susceptible than undis-
turbed habitats to invasion. This suggests that distur-
bance alone cannot be used to predict a site ’ s 
susceptibility to invasion. 

 Other factors are often correlated with invasion 
success, namely propagule pressure or propagule size 
(Simberloff   2010 ). However, there have been few tests 
of  the role of  propagule pressure or size in ant inva-
sions. Recently, Sagata and Lester  (2009)  showed 
experimentally that neither propagule size (the size of  
the  ‘ invading ’  colony) nor resource availability con-
sistently predicted invasion success by  L. humile . They 
went on to suggest that the ability of   L. humile  to 
modify its behaviour according to local conditions will 
all but rule out the ability to predict whether a site will 
be invaded, based simply on resource availability or 
characteristics of  the native community at that site 
(Sagata  &  Lester  2009 ). 

 To summarize, it seems that three characteristics of  
Argentine ants, rather than biotic resistance or distur-
bance, drive invasions by  L. humile : unicoloniality, 
their competitive ability and their behavioural fl exibil-
ity. Those three factors, coupled with appropriate cli-
matic conditions of  a site (for example neither too dry 
nor too cold), seem to account for the success and 
failure of  Argentine ant invasions.  

   18.6    STANDING ON 
ELTON ’ S SHOULDERS 

 Elton focused on the Argentine ant, because it was 
(and still is) the best - studied invasive ant species (Pysek 
et al.  2008 ). In this chapter, we have also focused on 
the Argentine ant, but clearly numerous other ant 
species pose serious threats to biodiversity and the 
functioning of  ecosystems, and much remains to be 
learned even about those well - studied species like the 
Argentine ant and the red imported fi re ant. 
Additionally, in the 50 years since the publication of  
 The Ecology of  Invasion by Animals and Plants , ant ecolo-
gists, like all ecologists, have built on what Elton wrote 
about, in part because of  the continued evolution of  
technological tools that have allowed us to ask ques-
tions about the chemical ecology and population 
genetics of  invading populations (Brandt et al.  2009 ; 
Vogel et al.  2010 ), trophic dynamics during invasion 

(Majer  1994 ). The ideal experimental test of  ecological 
resistance in ant communities would manipulate the 
number of  ant species in a community and then add 
colonies of  invasive species to those communities. To 
our knowledge, no one has yet tried this experiment, 
perhaps because of  the logistical diffi culties of  manipu-
lating intact ant communities and because it is ethi-
cally questionable to add invasive ant species to areas 
where they do not yet occur. 

 Many invasive species, including invasive ant 
species, often become established in disturbed sites. 
Most invasive ant species have also spread into rela-
tively undisturbed sites:  Anoplolepis gracilipes  (O ’ Dowd 
et al.  2003 ; Hoffmann  &  Saul  2010 ),  Linepithema 
humile  (Holway  1999 ; Sanders et al.  2001 ; 
Krushelnycky et al.  2005a ; Lach  2007 ),  Pheidole mega-
cephala  (Hoffmann et al.  1999 ; Vanderwoude et al. 
 2000 ),  Solenopsis invicta  (Porter  &  Savignano  1990 ; 
Morris  &  Steigman  1993 ; Helms  &  Vinson  2001 ; Cook 
 2003 ; Stuble et al.  2009 ) and  Wasmannia auropunctata  
(Clark et al.  1982 ; Walker  2006 ). Disentangling the 
combined and relative effects of  disturbance and inva-
sive species on native communities has only rarely 
been tested, even in observational studies Holway 
 (1998b)  took advantage of  5 years of  monitoring data 
on the spread of  Argentine ants in riparian corridors to 
assess whether disturbance, native ant species richness 
(i.e.  ‘ biotic resistance), or stream fl ow (a measure of  
moisture availability) best predicted the spread of  
Argentine ants. Neither biotic resistance nor distur-
bance accounted for any of  the variation in invasion 
rate. Stream fl ow alone accounted for 46% of  the vari-
ation in invasion rate, supporting the notion that 
physiological tolerance plays an important role in the 
invasion dynamics of  this species. Sanders et al.  (2003)  
also found no relationship between species richness of  
native ants and probability of  invasion by  L. humil e 
over a study lasting several years. Following up on 
Holway ’ s observational study, Menke and colleagues 
(Menke  &  Holway  2006 ; Menke et al.  2007 ) experi-
mentally manipulated moisture availability and the 
presence of  native species. They found that moisture 
availability was more important than native ant com-
munity structure in explaining the invasion dynamics 
of   L. humile , again strongly implicating a key role of  
climate on invasion processes. 

 Though there is evidence from other non - ant 
systems in support of  the biotic resistance hypothesis 
(Fridley et al.  2007 ), there appears to be no evidence 
that native ant species richness acts as a deterrent to 
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studied ant species), and the ever - evolving population 
genetics toolkit has uncovered many surprising and 
important characteristics of  the population structure 
of  both species in their native and invasive ranges (see, 
for example, Tsutsui et al.  2000 ). The other major 
invasive ant species  –   Anoplolepis longicornis ,  Pheidole 
megacephala  and  Wasmannia auropunctata   –  have 
received some research attention, but not nearly as 
much as  L. humile  or  S. invicta . The paucity of  informa-
tion on many other exotic and invasive species is trou-
bling (for example  Doleromyrma darwiniana ,  Lasius 
neglectus ,  Monomorium pharoensis ,  Monomorium syd-
neyense ,  Myrmica rubra ,  Pachycondyla chinensis , 
 Paratrechina longicornis ,  Paratrechina fulva ,  Pheidole 
obscurithorax ,  Technomyrmex albipes ,  Tetramorium tsu-
shimae ,  Ochetellus glaber  and several species in the 
genus  Cardiocondyla ). Unfortunately, what we have 
learned about  S. invicta  and  L. humile  has been too little 
too late: they are both responsible for dramatic altera-
tions in native communities. Perhaps by devoting 
some research effort towards understanding the 
behaviour and ecology of  these other species  before  
they become invasive will help minimize or eliminate 
their potential impacts on biodiversity. 

 Controlling, or even eradicating, populations of  
exotic species is a lucrative business and a focus of  
continued research (Myers et al.  2000 ). This is espe-
cially true for invasive ant species (see Silverman  &  
Brightwell  2008 ). Though there have been some suc-
cessful eradications and efforts at controlling spread 
and impact  –   A. gracilipes  on Christmas Island (Green 
 &  O ’ Dowd  2009 ) and  W. auropunctata  on smaller 
islands in the Galapagos archipelago (Causton et al. 
 2005 )  –  much remains to be learned, from both the 
successes and the colossal failures (for example  S. 
invicta  in the southeastern USA). For example, what 
are the traits of  species that make them more or less 
susceptible to eradication and control? Are there par-
ticular environmental or ecological conditions that 
mitigate control efforts? Our view is that ant ecologists 
studying invasive species should also contribute at 
least some research effort to improving the ability to 
control the spread and impact of  invasive ant species 
(see, for example, Krushelnycky et al.  2005b ). 

 Elton was prescient in realizing the importance of  
studying invaders within native populations to under-
stand what makes them successful. Since Elton ’ s pub-
lication, the Argentine ant has received more research 
attention in its native range than any other invasive 
ant species, and perhaps more than many other 

(Tillberg et al.  2007 ) and the ability to predict global 
distribution of  invasive ants in response to climate 
change (Roura - Pascual et al.  2004 ). Here, we high-
light what we think are the most substantial advances 
since the publication of  Elton ’ s book and suggest a 
few areas of  future research on the ecology of  ant 
invasions. 

 Much remains to be learned about the role of  posi-
tive interactions in invasions (Richardson et al.  2000 ), 
and especially for invasive ant species. In some cases, 
invasive ants may simply replace native ants as mutu-
alists, but in other cases important functions might be 
lost (Rodriguez - Cabal et al.  2009 ). And, unfortunately, 
most studies that have examined whether invasive ant 
species disrupt mutualisms have focused almost 
entirely on the Argentine ant (Rodriguez - Cabal et al. 
 2009 ). Clearly more work, on more invasive species, 
needs to be done. Stable isotope analyses (see, for 
example, Tillberg et al.  2007   ) will likely play an impor-
tant role in examining the role of  invasive species in 
new food chains and as mutualists. 

 Climate clearly infl uences the distribution of  many 
invasive ant species. This leads to a question that Elton 
did not raise, but is now at the forefront of  considerable 
research: how will climate change affect the distribu-
tion of  Argentine ants and other invasive ant species 
at global scales and perhaps mediate their impact on 
native biodiversity? In general, environmental niche 
models suggest that the Argentine ant has the poten-
tial for further spread into central Madagascar, Taiwan, 
southeast Asia, high - elevation Ethiopia and Yemen, 
and numerous oceanic islands are likely at risk of  
future establishment (Roura - Pascual et al.  2004 ; 
Hartley et al.  2006 ). Environmental niche modelling 
can be an important tool for conservation practition-
ers, but they could be improved by incorporating infor-
mation on dispersal (see, for example, Roura - Pascual 
et al.  2009 ) and ecological interactions with other 
species, as well as evolutionary responses to changing 
climates (Fitzpatrick et al.  2007 ). For example, the 
outcome of  interactions between Argentine ants and 
native species can depend on environmental tempera-
ture (Holway et al.  2002b ), but understanding how 
climatic change will modify interspecifi c interactions, 
drive evolutionary responses of  both native and inva-
sive species, and ultimately mediate the impact of  inva-
sive species is a pressing challenge (Dukes  &  Mooney 
 1999 ; Arauj ó   &  Rahbek  2006   ). 

  Linepithema humile  and  Solenopsis invicta  are the best 
studied invasive ant species (and perhaps the best 
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human health and agriculture has grown substan-
tially in the 50 years since the publication of  Elton ’ s 
book, those who care about the threats that invasive 
species pose must be vigilant and ensure that, from 
time to time, we get out of  the ivory tower to inform 
the public and policy makers about the threats that 
invasive ant species pose, much like Charles Elton did 
more than 50 years ago.  

  ACKNOWLEDGEMENTS 

 We thank N ú ria Roura - Pascual, Ben Hoffmann and an 
anonymous reviewer for comments on an earlier draft 
of  this chapter. N.J. Sanders was supported by DOE -
 PER DE - FG02 - 08ER64510 and the Center for 
Macroecology, Evolution and Climate at the University 
of  Copenhagen. A.V. Suarez was supported by DEB 
07 - 16966 . 



Ant invasions: lessons learned and lessons to be learned  249

mainland Australian habitats: no support for biotic resist-
ance hypothesis .  Biological Invasions ,  9 ,  3093  –  3108 .  

    H ö lldobler ,  B.    &    Wilson ,  E.O.   ( 1977 )  Number of  queens  –  
important trait in ant evolution .  Naturwissenschaften ,  64 , 
 8  –  15 .  

    H ö lldobler ,  B.    &    Wilson ,  E.O.   ( 1990 )  The Ants .  The Belknap 
Press of  Harvard University Press ,  Cambridge, 
Massachusetts .  

    Holway ,  D.A.   ( 1998a )  Effect of  Argentine ant invasions on 
ground - dwelling arthropods in northern California ripar-
ian 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.  ,   Lach ,  L.  ,   Suarez ,  A.V.  ,   Tsutsui ,  N.D.    &    Case ,  T.J.   
( 2002a )  The causes and consequences of  ant invasions . 
 Annual Review of  Ecology and Systematics ,  33 ,  181  –  233 .  

    Holway ,  D.A.  ,   Suarez ,  A.V.    &    Case ,  T.J.   ( 1998 )  Loss of  
intraspecifi c aggression in the success of  a widespread inva-
sive social insect .  Science ,  282 ,  949  –  952 .  

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

    Human ,  K.G.    &    Gordon ,  D.M.   ( 1996 )  Exploitation and inter-
ference competition between the invasive Argentine ant, 
 Linepithema humile , and native ant species .  Oecologia ,  105 , 
 405  –  412 .  

    Human ,  K.G.    &    Gordon ,  D.M.   ( 1997 )  Effects of  Argentine ants 
on invertebrate diversity in northern California . 
 Conservation Biology ,  11 ,  1242  –  1248 .  

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

    Human ,  K.G.  ,   Weiss ,  S.  ,   Weiss ,  A.  ,   Sandler ,  B.    &    Gordon ,  D.M.   
( 1998 )  The effect of  abiotic factors on the local distribution 
of  the invasive Argentine ant ( Linepithema humile ) and 
native ant species .  Environmental Entomology ,  27 , 
 822  –  833 .  

    Krushelnycky ,  P.D.  ,   Joe ,  S.M.  ,   Medeiros ,  A.C.  ,   Daehler ,  C.C.    &  
  Loope ,  L.L.   ( 2005a )  The role of  abiotic conditions in 
shaping the long - term patterns of  a high - elevation 
Argentine ant invasion .  Diversity and Distributions ,  11 , 
 319  –  331 .  

    Krushelnycky ,  P.D.  ,   Loope ,  L.L.    &    Joe ,  S.M.   ( 2005b )  Limiting 
spread of  a unicolonial invasive insect and characterization 
of  seasonal patterns of  range expansion .  Biological Invasions , 
 6 ,  47  –  57 .  

    Kurle ,  C.M.  ,   Croll ,  D.A.    &    Tershy ,  B.R.   ( 2008 )  Introduced rats 
indirectly change marine rocky intertidal communities 
from algae -  to invertebrate - dominated .  Proceedings of  the 
National Academy of  Sciences of  the USA ,  105 ,  3800  – 
 3804 .  

    Fluker ,  S.F.    &    Beardsley ,  J.W.   ( 1970 )  Sympatric associations 
of  three ants:  Iridomyrmex humilis, Pheidole megacephala , 
and  Anoplolepis longipes  in Hawaii .  Annals of  the Entomological 
Society of  America ,  63 ,  1291  –  1296 .  

    Fridley ,  J.D.  ,   Stachowicz ,  J.J.  ,   Naeem ,  S.   et al. ( 2007 )  The 
invasion paradox: reconciling pattern and process in 
species invasions .  Ecology ,  88 ,  3  –  17 .  

    Giraud ,  T.  ,   Pedersen ,  J.S.    &    Keller ,  L.   ( 2002 )  Evolution of  
supercolonies: The Argentine ants of  southern Europe . 
 Proceedings of  the National Academy of  Sciences of  the USA , 
 99 ,  6075  –  6079 .  

    Green ,  P.T.    &    O ’ Dowd ,  D.J.   ( 2009 )  Management of  Invasive 
Invertebrates: Lessons from the Management of  an Invasive 
Alien Ant .  Pages 153 – 172 in Invasive Species Management . 
  M.N.   Clout    &    P.A.   Williams   editors.  Oxford University 
Press .  

    Grover ,  C.D.  ,   Kay ,  A.D.  ,   Monson ,  J.A.  ,   Marsh ,  T.C.    &    Holway , 
 D.A.   ( 2007 )  Linking nutrition and behavioural dominance: 
carbohydrate scarcity limits aggression and activity in 
Argentine ants .  Proceedings of  the Royal Society B ,  274 , 
 2951  –  2957 .  

    Hartley ,  S.  ,   Harris ,  R.    &    Lester ,  P.J.   ( 2006 )  Quantifying uncer-
tainty in the potential distribution of  an invasive species: 
climate and the Argentine ant .  Ecology Letters ,  9 ,  1068  – 
 1079 .  

    Helanter ä  ,  H.  ,   Strassmann ,  J.E.  ,   Carrillo ,  J.    &    Queller ,  D.C.   
( 2009 )  Unicolonial ants: where do they come from, what 
are they and where are they going?   Trends in Ecology  &  
Evolution ,  24 ,  341  –  349 .  

    Heller ,  N.E.  ,   Ingram ,  K.K.    &    Gordon ,  D.M.   ( 2008a )  Nest con-
nectivity and colony structure in unicolonial Argentine 
ants .  Insectes Sociaux ,  55 ,  397  –  403 .  

    Heller ,  N.E.  ,   Sanders ,  N.J.  ,   Shors ,  J.W.    &    Gordon ,  D.M.   ( 2008b ) 
 Rainfall facilitates the spread, and time alters the impact, of  
the invasive Argentine ant .  Oecologia ,  155 ,  385  –  395 .  

    Helms ,  K.R.    &    Vinson ,  S.B.   ( 2001 )  Coexistence of  native ants 
with the red imported fi re ant,  Solenopsis invicta  . 
 Southwestern Naturalist ,  46 ,  396  –  400 .  

    Helms ,  K.R.    &    Vinson ,  S.B.   ( 2002 )  Widespread association of  
the invasive ant  Solenopsis invicta  with an invasive mealy-
bug .  Ecology ,  83 ,  2425  –  2438 .  

    Helms ,  K.R.    &    Vinson ,  S.B.   ( 2008 )  Plant resources and 
colony growth in an invasive ant: the importance of  
honeydew - producing Hemiptera in carbohydrate transfer 
across trophic levels .  Environmental Entomology ,  37 , 
 487  –  493 .  

    Hoffmann ,  B.D.  ,   Andersen ,  A.N.    &    Hill ,  G.J.E.   ( 1999 )  Impact 
of  an introduced ant on native rain forest invertebrates: 
 Pheidole megacephala  in monsoonal Australia .  Oecologia   10 , 
 595  –  604 .  

    Hoffmann ,  B.D.    &    Parr ,  C.L.   ( 2008 )  An invasion revisited: the 
African big - headed ant ( Pheidole megacephala ) in northern 
Australia .  Biological Invasions ,  10 ,  1171  –  1191 .  

    Hoffmann ,  B.D.    &    Saul ,  W. - C.   ( 2010 )  Yellow crazy ant 
(Anoplolepis gracilipes) invasions within undisturbed 



250  Poster-child invaders, then and now 

    Pitt ,  J.P.W.  ,   Worner ,  S.P.    &    Suarez ,  A.V.   ( 2009 )  Predicting 
Argentine ant spread over the heterogeneous landscape 
using a spatially - explicit stochastic model .  Ecological 
Applications ,  19 ,  1176  –  1186 .  

    Pons ,  P.  ,   Bas ,  J.M.    &    Estany - Tigerstr ö m ,  D.   ( 2010 )  Coping 
with invasive alien species: the Argentine ant and the 
insectivorous bird assemblage of  Mediterranean oak forests . 
 Biodiversity and Conservation ,  19 ,  1711  –  1723 .  

    Porter ,  S.D.    &    Savignano ,  D.A.   ( 1990 )  Invasion of  polygyne 
fi re ants decimates native ants and disrupts arthropod com-
munity .  Ecology ,  71 ,  2095  –  2106 .  

    Pysek ,  P.  ,   Richardson ,  D.M.  ,   Pergl ,  J.  ,   Jarosik ,  V.  ,   Sixtova ,  Z.   
 &    Weber ,  E.   ( 2008 )  Geographical and taxonomic biases in 
invasion ecology .  Trends in Ecology  &  Evolution ,  23 , 
 237  –  244 .  

    Richardson ,  D.M.  ,   Allsopp ,  N.  ,   D ’ Antonio ,  C.M.  ,   Milton ,  S.J.    &  
  Rejm á nek ,  M.   ( 2000 )  Plant invasions  –  the role of  mutual-
isms .  Biological Review of  the Cambridge Philosophical Society , 
 75 ,  65  –  93 .  

    Rodriguez - Cabal ,  M.  ,   Stuble ,  K.L.  ,   Nu ñ ez ,  M.A.    &    Sanders , 
 N.J.   ( 2009 )  Quantitative analysis of  the effects of  the exotic 
Argentine ant on seed dispersal mutualisms .  Biology Letters , 
 5 ,  499  –  502 .  

    Roura - Pascual ,  N.  ,   Bas ,  J.M.  ,   Thuiller ,  W.  ,   Hui ,  C.  ,   Krug ,  R.    &  
  Brotons ,  L.   ( 2009 )  From introduction to equilibrium: 
reconstructing the invasive pathways of  the Argentine ant 
in a Mediterranean region .  Global Change Biology ,  15 , 
 2101  –  2115 .  

    Roura - Pascual ,  N.  ,   Suarez ,  A.V.  ,   Gomez ,  C.   et al. ( 2004 ) 
 Geographical potential of  Argentine ants ( Linepithema 
humile  Mayr) in the face of  global climate change .  Proceedings 
of  the Royal Society of  London B ,  271 ,  2527  –  2535 .  

    Rowles ,  A.D.    &    O ’ Dowd ,  D.J.   ( 2009 )  New mutualism for old: 
indirect disruption and direct facilitation of  seed dispersal 
following Argentine ant invasion .  Oecologia ,  158 ,  709  –  716 .  

    Rowles ,  A.D.    &    Silverman ,  J.   ( 2009 )  Carbohydrate supply 
limits invasion of  natural communities by Argentine ants . 
 Oecologia ,  161 ,  161  –  171 .  

    Sagata ,  K.    &    Lester ,  P.J.   ( 2009 )  Behavioural plasticity associ-
ated with propagule size, resources, and the invasion 
success of  the Argentine ant  Linepithema humile  .  Journal of  
Applied Ecology ,  46 ,  19  –  27 .  

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

    Sanders ,  N.J.  ,   Gotelli ,  N.J.  ,   Heller ,  N.    &    Gordon ,  D.M.   ( 2003 ) 
 Community disassembly by an invasive species .  Proceedings 
of  the National Academy of  Sciences of  the USA ,  100 , 
 2474  –  2477 .  

    Savage ,  A.M.  ,   Rudgers ,  J.A.    &    Whitney ,  K.D.   ( 2009 )  Elevated 
dominance of  extrafl oral nectary - bearing plants is associ-
ated with increased abundances of  an invasive ant and 
reduced native ant richness .  Diversity and Distributions ,  15 , 
 751  –  761 .  

    Lach ,  L.   ( 2003 )  Invasive ants: Unwanted partners in ant –
 plant interactions?   Annals of  the Missouri Botanical Garden , 
 90 ,  91  –  108 .  

    Lach ,  L.   ( 2007 )  A mutualism with a native membracid facili-
tates pollinator displacement by Argentine ants .  Ecology , 
 88 ,  1994  –  2004 .  

    Lach ,  L.    &    Thomas ,  M.L.   ( 2008 )  Invasive ants in Australia: 
documented and potential ecological consequences . 
 Australian Journal of  Entomology ,  47 ,  275  –  288 .  

    LeBrun ,  E.G.  ,   Tillberg ,  C.V.  ,   Suarez ,  A.V.  ,   Folgarait ,  P.J.  , 
  Smith   &   Holway ,  D.A.   ( 2007 )  An experimental study of  
competition between fi re ants and Argentine ants in their 
native range .  Ecology ,  88 ,  63  –  75 .  

    Lessard ,  J.P.  ,   Fordyce ,  J.A.  ,   Gotelli ,  N.J.    &    Sanders ,  N.J.   ( 2009 ) 
 Invasive ants alter the phylogenetic structure of  ant com-
munities .  Ecology ,  90 ,  2664  –  2669 .  

    Levine ,  J.M.  ,   Adler ,  P.B.    &    Yelenik ,  S.G.   ( 2004 )  A meta -
 analysis of  biotic resistance to exotic plant invasions . 
 Ecology Letters ,  7 ,  975  –  989 .  

    Lowe ,  S.  ,   Browne ,  M.    &    Boudjelas ,  S.   ( 2000 )  100 of  the 
world ’ s worst invasive alien species .  Aliens ,  12S ,  1  –  12 .  

    Majer ,  J.D.   ( 1994 )  Spread of  Argentine ants ( Linepithema 
humile ), with special reference to Western Australia . In 
 Exotic Ants: Biology, Impact, and Control of  Introduced Species  
(ed.   D.F.   Williams  ), pp.  163  –  173 .  Westview Press ,  Boulder, 
Colorado .  

    McGlynn ,  T.P.   ( 1999 )  The worldwide transport of  ants: geo-
graphic distribution and ecological invasions .  Journal of  
Biogeography ,  26 ,  535  –  548 .  

    Menke ,  S.B.  ,   Fisher ,  R.N.  ,   Jetz ,  W.    &    Holway ,  D.A.   ( 2007 ) 
 Biotic and abiotic controls of  Argentine ant invasion 
success at local and landscape scales .  Ecology ,  88 , 
 3164  –  3173 .  

    Menke ,  S.B.    &    Holway ,  D.A.   ( 2006 )  Abiotic factors control 
invasion by ants at the community scale .  Journal of  Animal 
Ecology ,  75 ,  368  –  376 .  

    Morris ,  J.R.    &    Steigman ,  K.L.   ( 1993 )  Effects of  polygyne fi re 
ant invasion on native ants of  a blackland prairie in Texas . 
 Southwestern Naturalist ,  38 ,  136  –  140 .  

    Myers ,  J.H.  ,   Simberloff ,  D.  ,   Kuris ,  A.M.    &    Carey ,  J.R.   ( 2000 ) 
 Eradication revisited: dealing with exotic species .  Trends in 
Ecology  &  Evolution ,  15 ,  316  –  320 .  

    Newell ,  W.    &    Barber ,  T.C.   ( 1913 )  The Argentine ant .  Bulletin 
of  the United States Bureau of  Entomology ,  122 ,  1  –  98 .  

    O ’ Dowd ,  D.J.  ,   Green ,  P.T.    &    Lake ,  P.S.   ( 2003 )  Invasional 
 ‘ meltdown ’  on an oceanic island .  Ecology Letters ,  6 , 
 812  –  817 .  

    Oliveras ,  J.  ,   Bas ,  J.M.  ,   Casellas ,  D.    &    G ó mez ,  C.   ( 2005 ) 
 Numerical dominance of  the Argentine ant vs native ants 
and consequences on soil resource searching in 
Mediterranean cork - oak forests (Hymenoptera: Formicidae)  
 Sociobiology ,  45 ,  643  –  658 .  

    Pedersen ,  J.S.  ,   Krieger ,  M.J.B.  ,   Vogel ,  V.  ,   Giraud ,  T.    &    Keller , 
 L.   ( 2006 )  Native supercolonies of  unrelated individuals in 
the invasive Argentine ant .  Evolution ,  60 ,  782  –  791 .  



Ant invasions: lessons learned and lessons to be learned  251

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

    Vanderwoude ,  C.  ,   Lobry de Bruyn ,  L.A.    &    House ,  A.P.N.   
( 2000 )  Response of  an open - forest ant community to inva-
sion by the introduced ant,  Pheidole megacephala  .  Austral 
Ecology ,  25 ,  253  –  259 .  

    Vogel ,  V.  ,   Pedersen ,  J.S.  ,   d ’ Ettorre ,  P.  ,   Lehmann ,  L.    &    Keller , 
 L.   ( 2009 )  Dynamics and genetic structure of  Argentine ant 
supercolonies in their native range .  Evolution ,  63 , 
 1627  –  1639 .  

    Vogel ,  V.  ,   Pedersen ,  J.S.  ,   Giraud ,  T.  ,   Krieger ,  M.J.B.    &    Keller , 
 L.   ( 2010 )  The worldwide expansion of  the Argentine ant . 
 Diversity and Distributions ,  16 ,  170  –  186 .  

    Walker ,  K.L.   ( 2006 )  Impact of  little fi re ant,  Wasmannia auro-
punctata , on native forest ants in Gabon .  Biotropica ,  38 , 
 666  –  673 .  

    Ward ,  P.S.   ( 1987 )  Distribution of  the introduced Argentine 
ant ( Iridomyrmex humilis ) in natural habitats of  the lower 
Sacramento Valley and its effects on the indigenous ant 
fauna .  Hilgardia ,  55 ,  1  –  16 .  

    Way ,  M.J.  ,   Cammell ,  M.E.  ,   Paiva ,  M.R.    &    Collingwood ,  C.A.   
( 1997 )  Distribution and dynamics of  the Argentine ant 
 Linepithema humile  in relation to vegetation, soil conditions, 
topography and native competitor ants in Portugal .  Insectes 
Sociaux ,  44 ,  415  –  433 .  

    Wetterer ,  J.K.    &    Wetterer ,  A.L.   ( 2006 )  A disjunct Argentine 
ant metacolony in Macaronesia and southwestern Europe . 
 Biological Invasions ,  8 ,  1123  –  1129 .  

    Wetterer ,  J.K.  ,   Wild ,  A.L.  ,   Suarez ,  A.V.  ,   Roura - Pascual ,  N.    &  
  Espadaler ,  X.   ( 2009 )  Worldwide spread of  the Argentine 
ant,  Linepithema humile  (Hymenoptera: Formicidae)  
 Myrmecological News ,  12 ,  187  –  194 .  

    Wild ,  A.L.   ( 2004 )  Taxonomy and distribution of  the Argentine 
ant,  Linepithema humile  (Hymenoptera: Formicidae)   Annals 
of  the Entomological Society of  America ,  97 ,  1204  –  1215 .  

    Wilson ,  E.O.   ( 1951 )  Variation and adaptation in the imported 
fi re ant .  Evolution ,  5 ,  68  –  79 .   

   
 

    Silverman ,  J.    &    Brightwell ,  R.J.   ( 2008 )  The Argentine ant: 
challenges in managing an invasive unicolonial pest . 
 Annual Review of  Entomology ,  53 ,  231  –  252 .  

    Simberloff ,  D.   ( 2010 )  The role of  propagule pressure in bio-
logical invasions   Annual Review of  Ecology and Systematics , 
 40 ,  81  –  102 .  

    Stuble ,  K.L.  ,   Kirkman ,  L.K.    &    Carroll ,  C.R.   ( 2009 )  Patterns of  
abundance of  fi re ants and native ants in a native ecosys-
tem .  Ecological Entomology ,  34 ,  520  –  526 .  

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

    Suarez ,  A.V.    &    Case ,  T.J.   ( 2002 )  Bottom - up effects on persist-
ence of  a specialist predator: ant invasions and horned 
lizards .  Ecological Applications ,  12 ,  291  –  298 .  

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

    Suarez ,  A.V.  ,   Richmond ,  J.Q.    &    Case ,  T.J.   ( 2000 )  Prey selec-
tion in horned lizards following the invasion of  Argentine 
ants in southern California .  Ecological Applications ,  10 , 
 711  –  725 .  

    Suarez ,  A.V.  ,   Tsutsui ,  N.D.  ,   Holway ,  D.A.    &    Case ,  T.J.   ( 1999 ) 
 Behavioral and genetic differentiation between native and 
introduced populations of  the Argentine ant .  Biological 
Invasions ,  1 ,  43  –  53 .  

    Thomas ,  M.L.  ,   Payne - Makrisa ,  C.M.  ,   Suarez ,  A.V.  ,   Tsutsui , 
 N.D.    &    Holway ,  D.A.   ( 2006 )  When supercolonies collide: 
territorial aggression in an invasive and unicolonial social 
insect .  Molecular Ecology ,  15 ,  4303  –  4315 .  

    Tillberg ,  C.V.  ,   Holway ,  D.A.  ,   LeBrun ,  E.G.    &    Suarez ,  A.V.   
( 2007 )  Trophic ecology of  invasive Argentine ants in their 
native and introduced ranges .  Proceedings of  the National 
Academy of  Sciences of  the USA ,  104 ,  20856  –  20861 .  

    Tsutsui ,  N.D.  ,   Suarez ,  A.V.  ,   Holway ,  D.A.    &    Case ,  T.J.   ( 2000 ) 
 Reduced genetic variation and the success of  an invasive 
species .  Proceedings of  the National Academy of  Sciences of  the 
USA ,  97 ,  5948  –  5953 .  




