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ABSTRACT

 

We studied the effect of propagule pressure on the establishment and subsequent
spread of the invasive little fire ant 

 

Wasmannia auropunctata

 

 in a Gabonese oilfield
in lowland rain forest. Oil well drilling, the major anthropogenic disturbance over
the past 21 years in the area, was used as an indirect measure of propagule pressure.
An analysis of 82 potential introductions at oil production platforms revealed that
the probability of successful establishment significantly increased with the number
of drilling events. Specifically, the shape of the dose–response establishment curve
could be closely approximated by a Poisson process with a 34% chance of infestation
per well drilled. Consistent with our knowledge of largely clonal reproduction by

 

W. auropunctata

 

, the shape of the establishment curve suggested that the ants were
not substantially affected by Allee effects, probably greatly contributing to this species’
success as an invader. By contrast, the extent to which 

 

W. auropunctata

 

 spread
beyond the point of initial introduction, and thus the extent of its damage to diversity
of other ant species, was independent of propagule pressure. These results suggest
that while establishment success depends on propagule pressure, other ecological or
genetic factors may limit the extent of further spread. Knowledge of the shape of the
dose–response establishment curve should prove useful in modelling the future
spread of 

 

W. auropunctata

 

 and perhaps the spread of other clonal organisms.
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Human activities radically alter the structure and connectivity of

landscapes. For some species, this means virtually limitless

worldwide dispersal, travelling alongside human cargo. However,

to successfully establish in a new habitat, a species must overcome

several hurdles, including establishment and eventual range

expansion. The vast majority of species arriving in a new habitat

fail to sustain viable populations and become extirpated

(Holdgate, 1986; Williamson, 1996). A few establish successfully,

continuing to exist as minor components of the system. Others

expand dramatically, sometimes displacing native species and

even radically altering the habitats that receive them in the process

(Williamson & Fitter, 1996; Sakai 

 

et al

 

., 2001). The study of factors

that affect the successful establishment of a species, as well as

those that determine the extent and impact of its later spread has

been a major focus of ecological research (Richardson & Pysek,

2006).

Recent work has shown that the number of arriving invaders

(propagule pressure) plays an important role in the establishment

of invasive species (Cassey 

 

et al

 

., 2004; Lester, 2005; Lockwood

 

et al

 

., 2005; Suarez 

 

et al

 

., 2005; Von Holle & Simberloff, 2005;

Colautti 

 

et al

 

., 2006; Duggan 

 

et al

 

., 2006). First, this is due to the

larger numbers of colonists offsetting the extinction risk that faces

many small populations due to environmental or demographic

factors. Second, repeated introductions may sustain initial

populations below survival thresholds and also provide sources

of additional genetic variability (Brown & Kodric-Brown, 1977;

Kolbe 

 

et al

 

., 2004). Thus, propagule pressure allows invasives to

overcome stochastic factors, which may doom the vast majority

of incipient invasions (Williamson, 1996).

However, despite the importance of propagule pressure to the

establishment of invasive species, it is one of the least understood

facets of biological invasions. For example, due to the lack of

quantitative data on propagule pressure, little is known about the

shape of the ‘dose–response’ curve of biological invasions, i.e. the

probability of establishment as a function of the size or number

of arriving propagules (Lockwood 

 

et al

 

., 2005). The dose–response
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curve may be a sigmoidal function, where a threshold must be

crossed before a high likelihood of establishment, such as in the

presence of strong Allee effects, which limit the growth of small

populations (Allee, 1931; Stephens 

 

et al

 

., 1999). Alternatively,

invasive species may consistently benefit from additional or larger

propagule sizes (Leung 

 

et al

 

., 2004; Drake & Lodge, 2006). In

order to quantitatively evaluate the effect of propagule pressure

on establishment and also on the further spread of an invasive

species, we studied colonization and invasion of lowland rain

forest by the little fire ant 

 

Wasmannia auropunctata

 

 in a Gabonese

oilfield.

Although native to the New World, 

 

W. auropunctata

 

 has

spread widely over the past 100 years, colonizing numerous

Pacific islands, Central Africa, and, most recently Papua New

Guinea and Australia (Wetterer & Porter, 2003). Most of the new

introductions appear to arise from other invasive populations,

rather than from independent introductions from the native

range (Mikheyev & Mueller, 2007). Introduced 

 

W. auropunctata

 

often negatively impact the native ant fauna (Clark 

 

et al

 

., 1982;

Lubin, 1984; Jourdan, 1997; Roque-Albelo 

 

et al

 

., 2000; Le Breton

 

et al

 

., 2003; Walker, 2006). Additionally, some reports suggest

that 

 

W. auropunctata

 

 attack native reptiles, birds, and mammals

(Roque-Albelo & Causton, 1999; Wetterer 

 

et al

 

., 1999; Jourdan

 

et al

 

., 2001; Walsh 

 

et al

 

., 2004). Given the ecological importance

of this pest, the rapid rate of its spread through Central Africa,

and continuing colonization of sensitive tropical habitats, it is

important to understand the dynamics of its establishment. To

this end, we used a combination of field surveys and historical

records to reconstruct the invasion of numerous 

 

W. auropunctata

 

invasions over the course of more than two decades. Specifically,

we focused on estimating the relationship between propagule

pressure and the successful establishment and further spread of

 

W. auropunctata

 

.

 

METHODS

Study site

 

The Rabi-Kounga concession of Shell Gabon lies in lowland rain

forest, close to the equator (1.91

 

°

 

 S, 9.86

 

°

 

 E). The concession has

been selectively logged 17–20 years ago and has regrown as dense

secondary forest. Other than past logging and current petroleum

extraction, human activity is limited and strictly regulated by

Shell Gabon. Company regulations isolate the production staff to

a few camps and also prohibit forest access and hunting (Fig. 1).

In addition, Shell maintains checkpoints, limiting access to the

concession by external parties (Laurance 

 

et al

 

., 2006).

As much of the oil concession lies in a swamp on unstable

sandy soils, laterite platforms (~100 

 

×

 

 100 m) are constructed

prior to well drilling. The vegetation on the edges of these platforms

is composed of woody pioneer species, chiefly 

 

Harungana

madagascarensis

 

 and, to a lesser extent, azobé (

 

Lophira alata

 

).

Due to the high cost of platform construction, new oil wells are

drilled laterally from previously existing platforms whenever

possible. Compared to the initial construction of the platform,

subsequent drilling has relatively minor effects on the surrounding

habitat, although the initial platform may be slightly enlarged.

Each new well takes several weeks of continuous drilling, requir-

ing the importation of many tonnes of supplies, the drilling rig,

as well as temporary housing for the rig crew. The materials are

brought in from a centralized storage yard, which at the time of field

surveys for this study was heavily infested with 

 

W. auropunctata

 

. No

quarantine policies were in place at the time of this study, allowing

unrestricted transport of materials among infested and un-infested

sites during drilling. However, after a well is drilled, it generally

undergoes only light maintenance and cleaning. Consequently,

drilling is likely the principal mode of 

 

W. auropunctata

 

 introduc-

tion to a site and our chosen measure of propagule pressure. The

number of drilling rig visits included both initial well drilling

and, when applicable, later overhaul. The number of wells drilled

per platform ranged from 1 to 8, with a mean of 2.5. Most wells

Figure 1 Distribution of Wasmannia auropunctata on production 
platforms in the Rabi-Kounga concession, Gabon. The diagram 
shows the distribution of platforms (polygons) and connecting 
roads (black lines). Uninfested platforms are shown as clear 
polygons, whereas partially and completely infested platforms are 
shown as light and dark grey, respectively. The scale bar represents 
1000 m. Storage yards and personnel housing quarters are located in 
the south-east corner of the oilfield.
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were drilled horizontally to oil deposits located several kilometres

away. As the number of wells was dictated by the distribution of

subterranean petroleum deposits at the oilfield, there is no reason

to suspect that the number of wells drilled per platform may

correlate with confounding environmental factors on the surface.

 

Field surveys

 

Each of the 86 platforms was visited at the beginning of the dry

season in the first three weeks of May 2006. The platforms were

re-visited in the wet season 5 to 6 months later to confirm the

stability of the observed distributions. We noted the presence of

 

W. auropunctata

 

 at each platform by visual inspection of leaf

litter and vegetation, especially around the extra-floral nectaries

of plants, such as the azobé. Surveys were conducted on dry days,

in the mornings and in early afternoons, as 

 

W. auropunctata

 

frequently ceased foraging in the heat or under rain and were

hard to find. Each platform was surveyed for approximately one

man-hour, although the search effort was increased slightly for

larger platforms. Platforms were classified into three types, based

on 

 

W. auropunctata

 

 presence and abundance: (1) absent, (2) part

of platform colonized, and (3) platform perimeter fully colonized.

Whenever a platform perimeter was fully colonized, the 

 

W. auro-

punctata

 

 population would inevitably extend for tens of metres

into the surrounding forest.

In order to verify the adequacy of visual inspection for the

detection of 

 

W. auropunctata

 

 in the field, we extracted ants from

leaf litter using Winkler traps at 20 randomly selected platforms

(10 where 

 

W. auropunctata

 

 was not detected by visual inspection

and five each with partial and total platform colonization) (Agosti

 

et al

 

., 2000). For each of the platforms, 1 m

 

2

 

 of leaf litter was

collected at eight sites uniformly spaced around the perimeter.

Leaf litter was sifted and allowed to hang in a Winkler trap for

48 h. Finally, the number of 

 

W. auropunctata

 

 workers and the

number of other ant morphospecies were counted. In addition to

validating our sampling protocol, Winkler sifting also provided a

measure of 

 

W. auropunctata

 

’s impact on the native ant fauna at

our site.

 

Statistical analysis

 

Dates of oil well drilling were obtained from Shell Gabon. In order

to determine whether propagule pressure (the number of drilling

rig visits), has an effect on the successful establishment of

 

W. auropunctata

 

 at a platform, we conducted a binary logistic

regression correlating the number of drilling rig visits (for both

initial drilling and overhaul of existing wells) and platform age in

years with the presence of 

 

W. auropunctata

 

. We also conducted

another binary logistic regression with the same predictors only

on colonized platforms to determine the extent to which propagule

pressure determines subsequent platform colonization.

The effect of 

 

W. auropunctata

 

 abundance across platforms on

the morphospecies richness of other ants, estimated by Winkler

extraction, was analysed using an ordinary least squares regression,

with the dependent variable square-root-transformed to stabilize the

variance. Statistical analyses were carried out in Minitab (version 11,

Minitab Inc., State College, PA, USA) and Matlab (version 7; The

MathWorks, Inc., Natick, MA, USA). Coefficient estimates and

means are given ±1 standard error.

We followed the methodology of Leung 

 

et al

 

. (2004) for detecting

the presence of Allee effects by fitting a Weibull distribution to the

probability of 

 

W. auropunctata

 

 establishment as a function of the

number of rig visits. Allee effects are present if the shape parameter

of the fitted model is significantly greater than one, i.e. the dose–

response establishment curve shows a disproportionately slower

rate of establishment when fewer propagules are introduced.

Curve-fitting was conducted in R (version 2.5).

 

RESULTS

 

Our analysis included 82 platforms, ranging in age from 1 to

21 years. The analysis included all platforms in the concession,

except four that had uses other than oil production (e.g. housing,

storage, drilling mud re-injection, etc.) and may have received

additional 

 

W. auropunctata

 

 propagules. All such multiuse platforms

were infested. Of the platforms used in the analysis 40 (49%)

had no 

 

W. auropunctata

 

, 26 (32%) had partial infestations, and

16 (20%) were completely infested. Winkler sifting gave results

completely concordant with those obtained by visual inspection,

with 

 

W. auropunctata

 

 being absent in all platforms where it was

not detected by visual surveys. The extent of 

 

W. auropunctata

 

infestation at a platform was negatively correlated with the species

richness of other ants (

 

F

 

1,18

 

 = 11.7, 

 

P

 

 = 0.003, Fig. 2).

The number of rig visits correlated with the likelihood of

successful 

 

W. auropunctata

 

 establishment, an effect independent of

platform age (Table 1). Moreover, the probability of 

 

W. auropunctata

 

establishment increased with the number of rig visits (Fig. 3). We

were unable to detect the presence of Allee effects, since the shape

parameter of the Weibull distribution was not significantly

different from unity (95% confidence interval included [0, 1.2]).

Furthermore, the data were statistically indistinguishable from those

predicted by a Poisson process of 

 

W. auropunctata

 

 introductions,

which explained 31% of the variance (

 

λ

 

 = 0.34, 95% CI [0.23, 0.50];

Kolmogorov–Smirnov statistic = 0, 

 

P 

 

= 0.19, Fig. 3). However,

Figure 2 Abundances of Wasmannia auropunctata workers and 
species richness of native ants per m2 leaf litter on oil production 
platforms with varying degrees of platform infestation.
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neither the number of rig visits nor the amount of time since

platform construction had an effect on whether 

 

W. auropunctata

 

fully colonized a platform after establishment (

 

G = 

 

2.0, d.f. = 2,

 

P 

 

= 0.37). Since 

 

W. auropunctata

 

 may have been introduced during

the drilling of any well after the initial construction of the platform,

age of platform construction may not accurately reflect the amount

of time 

 

W. auropunctata

 

 has been established. However, restricting

the analysis to the 12 platforms where a single well had been drilled,

time of construction still had no effect on the success of spread

(

 

G = 

 

2.6, d.f. = 1, 

 

P 

 

= 0.11; coefficient = –0.20 ± 0.14).

 

DISCUSSION

 

The highly managed nature of construction in the Rabi concession

allows for a precise description and quantification of human

impacts on the rain forest. Thus, we were able to examine the

consequences of replicated 

 

W. auropunctata

 

 introductions through

well drilling without the confounding factors accompanying

many historical studies of biological invasions, such as increased

urbanization. As all platforms are constructed out of laterite, which

is brought in from the same nearby quarry, they have essentially

the same soil and undergo very similar successional dynamics.

Thus, the construction and development of each production

platform provides a nearly ideal experimental setup with highly

standardized treatments (drilling rig visits) between replicates

(oil production platforms). Thus, variation in the number of

wells drilled at a platform should correspond to differences in

propagule pressure.

Our data show that well drilling is the likely culprit of 

 

W. auropunc-

tata

 

 introductions to the production platforms (Fig. 3). The number

of rig visits is not a perfect measure of propagule pressure, as it

potentially confounds the probability of transport with the prob-

ability of establishment at a site. However, given (1) the large amount

of material transferred to a drilling site, (2) the heavy infestation

of material storage sites, and (3) the lack of quarantine protocols

regulating the transfer of equipment between infested and non-

infested sites, the probability of 

 

W. auropunctata

 

 transport with

each drilling event is likely quite high.

Also, it appears that the levels of 

 

W. auropunctata

 

 infestation at

the storage sites have been comparably high throughout the history

of the oilfield. First, the age of platform construction was not a

significant predictor of colonization, indicating that the likelihood

of 

 

W. auropunctata

 

 transfer per drilling event was comparable

during the early stages of oilfield development. Second, sites that

were used for initial housing of personnel and equipment storage,

which were abandoned over a decade ago, were also heavily

infested (A.S.M., unpublished data). The regular presence of

 

W. auropunctata

 

 in the storage sites, together with comparable

amounts of material being moved from the storage sites to the

drilling rigs, suggests fairly similar introduction levels per well

drilled.

Given the largely clonal reproduction of 

 

W. auropunctata

 

elsewhere in the world (Fournier 

 

et al

 

., 2005a; Foucaud 

 

et al

 

., 2006)

and our data indicating the presence of clonality at the Rabi-

Kounga oilfield (A.S.M. and S. Bresson, unpublished data), one

would not expect density-dependent effects on population estab-

lishment and growth (Allee effects). Accordingly, the probability

of establishment can be accurately approximated by a Poisson

distribution where each drilling event is associated with a 34%

chance of successful establishment (Fig. 2). Consequently, single

introduction events are sufficient to initiate invasions, such as

appears to have happened in New Caledonia, where an infestation

was initiated by the introduction of a single mated female

(Foucaud 

 

et al

 

., 2006).

In addition to establishing a viable population, a successful

colonizer also needs to spread beyond the point of initial

introduction. In principle, a greater number of propagules may

increase the genetic diversity of the founding population and

facilitate adaptation to the new environment (Lockwood 

 

et al

 

.,

2005). Multiple introductions from different sources may create

a higher diversity in the invasive range, compared to even the

native range and possibly facilitating invasion, such as has been

documented for a Cuban lizard (Kolar & Lodge, 2001). This does

not appear to play a major role in the spread of 

 

W. auropunctata

 

,

whose expansion beyond the point of introduction was independ-

ent of propagule pressure. A lack of correlation between propagule

pressure and postintroduction spread is not surprising, since

repeated introductions from the same centralized storage system at

Rabi-Kounga should not provide substantially higher genetic

variation. This is especially true in the case of asexually reproducing

organisms such as 

 

W. auropunctata

 

, where many of the queens

Table 1 Effect of propagule pressure and platform age on the 
likelihood of Wasmannia auropunctata establishment, as determined 
by binary logistic regression.

Coefficient Z P Odds ratio (low, high)

Constant 0.58 ± 0.89 0.66 0.51

Rig visits 0.34 ± 0.14 2.35 0.019 1.40 (1.06, 1.85)

Platform age –0.089 ± 0.056 1.59 0.11 0.91 (0.82, 1.02)

Figure 3 Probability of Wasmannia auropunctata establishment 
as a function of rig visits. The circle areas are proportional to the 
number of observations (from 1 to 33), and, thus, the accuracy of 
the estimate. Values predicted by modelling the establishment 
probability as a Poisson process are shown by the solid line 
(1-e–λ*r, where λ is the probability of establishment at a platform 
with a single well and r is the number of rig visits).



 

Establishment and spread of 

 

W. auropunctata

 

© 2008 The Authors

 

Diversity and Distributions

 

, 

 

14

 

, 301–306, Journal compilation © 2008 Blackwell Publishing Ltd

 

305

 

are genetically identical (Fournier 

 

et al

 

., 2005a,b). However,

these results underscore the need to study factors other than

propagule pressure, particularly ecological factors, underlying

the spread of 

 

W. auropunctata

 

 from the point of introduction.

Potentially, some of the platforms may have become infested

with 

 

W. auropunctata

 

 by dispersal from other nearby platforms

either through the flight of winged reproductive castes or by the

incremental expansion of a neighbouring invasion, rather than

through drilling. Indeed, although this may have happened in

some cases, as a rule 

 

W. auropunctata

 

 infestation fronts advance

slowly, only on the scale of tens of metres per year (Walsh 

 

et al

 

.,

2004; A.S.M., unpublished; Walker, 2006). The fact that older

platforms, which have had a longer time to receive dispersing

W. auropunctata, do not show higher levels of infestation also

argues against high levels of interplatform dispersal. Ruling out

W. auropunctata introductions by foresters, who logged the

petroleum extraction concession at the time of its establishment

as a petroleum extraction concession, is more difficult. However,

most of the logging tracks and storage platforms dating to the

time of the timber extraction are generally free of W. auropunctata

and, in many cases, infestations centre around production plat-

forms (A.S.M., unpublished data). Furthermore, logging history

should have no effect on the link between the number of wells

drilled and W. auropunctata establishment.

Our results support the ubiquitous influence of propagule

pressure in the establishment of invasive species (Colautti et al.,

2006). Recently, Drake & Lodge (2006) have highlighted the need

to understand the shape of the dose–response establishment

curves for invasive species of special concern in order to generate

realistic risk analysis models. Our results make progress towards

the generation of such risk analysis models for W. auropunctata

by justifying and parameterizing a simple Poisson model of

establishment. It seems likely that a Poisson process may be used

to model the spread of other asexual invasives.

However, propagule pressure does not explain the observed

variation in the ability of some but not of other W. auropunctata

populations to initiate a full-scale invasion of the surrounding

habitat. This result is consistent with data from other studies, which

have found that propagule pressure, although important, fails to

explain variance in invasion success, especially at finer-scale

levels (Foxcroft et al., 2004). Given the clonal reproduction of

W. auropunctata and the fact that most of the introductions

arose from a common source, it seems unlikely that genetic

factors govern the observed differences in postintroduction

spread. It seems more likely, that the postintroduction success of

W. auropunctata depends on local variation in ecological factors,

such as the availability of microsites or competition, which limit

the establishment of other invasive species (Eriksson & Ehrlén,

1992; Jongejans et al., 2007). Future studies integrating W. auro-

punctata genetics and ecological variation between sites are

necessary to explain the differences in postintroduction variability. 

ACKNOWLEDGEMENTS

We are grateful to G. Moussavou for assistance with laboratory

processing of ant specimens and to A. Honorez, M Lee, and O.S.G.

Pauwels for organizing logistics. We thank S.E. Solomon for the

assistance in the editing of the manuscript and three anonymous

reviewers for their extensive comments. We thank Shell Gabon

for providing logistical support for this study, with additional

funding by the US Smithsonian Endowment. ASM was supported

by a US Fulbright grant during the course of this study. This work

has been in part funded by the US Environmental Protection

Agency (EPA) under the STAR Graduate Fellowship Program.

This is contribution no. 101 of the Gabon Biodiversity Program.

REFERENCES

Agosti, D., Majer, J., Alonso, L.E. & Schultz, T.R. (2000) Ants:

standard methods for measuring and monitoring biodiversity.

Smithsonian Institution Press, Washington, DC.

Allee, W.C. (1931) Animal aggregations: A study in general sociology.

University of Chicago Press, Chicago, IL.

Brown, J.H. & Kodric-Brown, A. (1977) Turnover rates in insular

biogeography: effect of immigration on extinction. Ecology,

58, 445–449.

Cassey, P., Blackburn, T.M., Sol, D., Duncan, R.P. & Lockwood, J.L.

(2004) Global patterns of introduction effort and establishment

success in birds. Proceedings of the Royal Society of London Series

B, Biological Sciences, 271, 405–408.

Clark, D.B., Guayasamin, C., Pazmio, O., Donoso, C. & Paez de

Villacis, Y. (1982) The tramp ant Wasmannia auropunctata:

Autecology and effects on ant diversity and distribution on

Santa Cruz Island, Galapagos. Biotropica, 14, 196–207.

Colautti, R.I., Grigorovich, I.A. & MacIsaac, H.J. (2006) Propagule

pressure: a null model for biological invasions. Biological Inva-

sions, 8, 1023–1037.

Drake, J.M. & Lodge, D.M. (2006) Allee affects, propagule pressure

and the probability of establishment: risk analysis for biological

invasions. Biological Invasions, 8, 365–375.

Duggan, I.C., Rixon, C.A.M. & MacIsaac, H.J. (2006) Popularity

and propagule pressure: determinants of introduction and estab-

lishment of aquarium fish. Biological Invasions, 8, 377–382.

Eriksson, O. & Ehrlén, J. (1992) Seed and microsite limitation of

recruitment in plant populations. Oecologia, 91, 360–364.

Foucaud, J., Jourdan, H., Le Breton, J., Loiseau, A., Konghouleux,

D. & Estoup, A. (2006) Rare sexual reproduction events in the

clonal reproduction system of introduced populations of the

little fire ant. Evolution, 60, 1646–1657.

Fournier, D., Estoup, A., Orivel, J., Foucaud, J., Jourdan, H., Le

Breton, J. & Keller, L. (2005a) Clonal reproduction by males

and females in the little fire ant. Nature, 435, 1167–1168.

Fournier, D., Foucaud, J., Loiseau, A., Cros-Arteil, S., Jourdan,

H., Orivel, J., Le Breton, J., Chazeau, J., Dejean, A., Keller, L. &

Estoup, A. (2005b) Characterization and PCR multiplexing of

polymorphic microsatellite loci for the invasive ant Wasmannia

auropunctata. Molecular Ecology Notes, 5, 239–242.

Foxcroft, L.C., Rouget, M., Richardson, D.M. & MacFadyen, S.

(2004) Reconstructing 50 years of Opuntia stricta invasion in the

Kruger National Park, South Africa: environmental determinants

and propagule pressure. Diversity and Distributions, 10, 427–

437.



A. S. Mikheyev et al.

© 2008 The Authors
306 Diversity and Distributions, 14, 301–306, Journal compilation © 2008 Blackwell Publishing Ltd

Holdgate, M.W. (1986) Summary and conclusions: characteristics

and consequences of biological invasions. Philosophical Trans-

actions of the Royal Society of London Series B, Biological

Sciences, 314, 733–742.

Jongejans, E., Skarpaas, O., Tipping, P.W. & Shea, K. (2007)

Establishment and spread of founding populations of an

invasive thistle: the role of competition and seed limitation.

Biological Invasions, 9, 317–325.

Jourdan, H. (1997) Threats on Pacific islands: the spread of the

tramp ant Wasmannia auropunctata (Hymenoptera: Formicidae).

Pacific Conservation Biology, 3, 61–64.

Jourdan, H., Sadlier, R.A. & Bauer, A.M. (2001) Little fire ant

invasion (Wasmannia auropunctata) as a threat to New Caledonian

lizards: evidence from a sclerophyll forest (Hymenoptera:

Formicidae). Sociobiology, 38, 283–301.

Kolar, C.S. & Lodge, D.M. (2001) Progress in invasion biology:

predicting invaders. Trends in Ecology & Evolution, 16, 199–204.

Kolbe, J.J., Glor, R.E., Schettino, L.R.G., Lara, A.C., Larson, A. &

Losos, J.B. (2004) Genetic variation increases during biological

invasion by a Cuban lizard. Nature, 431, 177–181.

Laurance, W.F., Croes, B.M., Tchignoumba, L., Lahm, S.A.,

Alonso, A., Lee, M.E., Campbell, P. & Ondzeano, C. (2006)

Impacts of roads and hunting on central African rainforest

mammals. Conservation Biology, 20, 1251–1261.

Le Breton, J., Chazeau, J. & Jourdan, H. (2003) Immediate impacts

of invasion by Wasmannia auropunctata (Hymenoptera:

Formicidae) on native litter ant fauna in a New Caledonian

rainforest. Austral Ecology, 28, 204–209.

Lester, P.J. (2005) Determinants for the successful establishment

of exotic ants in New Zealand. Diversity and Distributions, 11,

279–288.

Leung, B., Drake, J.M. & Lodge, D.M. (2004) Predicting invasions:

propagule pressure and the gravity of Allee effects. Ecology, 85,

1651–1660.

Lockwood, J.L., Cassey, P. & Blackburn, T. (2005) The role of

propagule pressure in explaining species invasions. Trends in

Ecology & Evolution, 20, 223–228.

Lubin, Y.D. (1984) Changes in the native fauna of the Galapagos

Islands following invasion by the little red fire ant, Wasmannia

auropunctata. Biological Journal of the Linnean Society, 21,

229–242.

Mikheyev, A.S. & Mueller, U.G. (2007) Genetic relationships

between native and introduced populations of the little fire ant

Wasmannia auropunctata. Diversity and Distributions, 13, 573–

579.

Richardson, D.M. & Pysek, P. (2006) Plant invasions: merging the

concepts of species invasiveness and community invasibility.

Progress in Physical Geography, 30, 409–431.

Roque-Albelo, L. & Causton, C. (1999) El Nino and introduced

insects in the Galapagos Islands: different dispersal strategies,

similar effects. Noticias de Galapagos, 60, 30–36.

Roque-Albelo, L., Causton, C.E. & Mieles, A. (2000) The ants of

Marchena Island, twelve years after the introduction of the

little fire ant Wasmannia auropunctata. Noticias de Galapagos,

61, 17–20.

Sakai, A.K., Allendorf, F.W., Holt, J.S., Lodge, D.M., Molofsky, J.,

With, K.A., Baughman, S., Cabin, R.J., Cohen, J.E., Ellstrand,

N.C., McCauley, D.E., O’Neil, P., Parker, I.M., Thompson, J.N. &

Weller, S.G. (2001) The population biology of invasive species.

Annual Review of Ecology and Systematics, 32, 305–332.

Stephens, P.A., Sutherland, W.J. & Freckleton, R.P. (1999) What

is the Allee effect? Oikos, 87, 185–190.

Suarez, A.V., Holway, D.A. & Ward, P.S. (2005) The role of

opportunity in the unintentional introduction of nonnative

ants. Proceedings of the National Academy of Sciences USA, 102,

17032–17035.

Von Holle, B. & Simberloff, D. (2005) Ecological resistance to bio-

logical invasion overwhelmed by propagule pressure. Ecology, 86,

3212–3218.

Walker, K.L. (2006) Impact of the little fire ant, Wasmannia

auropunctata, on native forest ants in Gabon. Biotropica, 38,

666–673.

Walsh, P.D., Henschel, P. & Abernathy, K.A. (2004) Logging speeds

little red fire ant invasion of Africa. Biotropica, 36, 637–641.

Wetterer, J.K. & Porter, S.D. (2003) The little fire ant Wasmannia

auropunctata: distribution, impact and control. Sociobiology,

42, 1–41.

Wetterer, J.K., Walsh, P.D. & White, L.J.T. (1999) Wasmannia

auropunctata, a highly destructive tramp ant, in wildlife refuges

of Gabon, West Africa. African Entomology, 7, 292–294.

Williamson, M. (1996) Biological invasions. Chapman & Hall,

New York.

Williamson, M. & Fitter, A. (1996) The varying success of invaders.

Ecology, 77, 1661–1666.

Editor: Alan Andersen



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


