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ABSTRACT

Aim Australian acacias (1012 recognized species native to Australia, which were

previously grouped in Acacia subgenus Phyllodineae) have been moved extensively

around the world by humans over the past 250 years. This has created the

opportunity to explore how evolutionary, ecological, historical and sociological

factors interact to affect the distribution, usage, invasiveness and perceptions of a

globally important group of plants. This editorial provides the background for the

20 papers in this special issue of Diversity and Distributions that focusses on the

global cross-disciplinary experiment of introduced Australian acacias.

Location Australia and global.

Methods The papers of the special issue are discussed in the context of a unified

framework for biological invasions. Distributions of species were mapped across

Australia, their representation in bioclimatic zones examined and the potential

global distribution of the group modelled. By collating a variety of different lists,

we determined which Australian acacias have reached different stages in the

introduction-naturalization-invasion continuum in different parts of the world.

Paradigms and key research questions relating to barriers to invasion, stages of

invasion and management perceptions are sketched.

Results According to our global database of Australian acacia records, 386 species

have been moved outside Australia by human agency, 71 species are naturalized

or weedy, and 23 are unequivocally invasive. Climatic models suggest that about a

third of the world’s land surface is climatically suitable for Australian acacias.

Many species are commercially important crops or are useful for other purposes

and have been extensively planted, and many different human perceptions of

Australian acacias exist in different parts of the world. The papers in the special

issue cover all the barriers, stages and processes that define biological invasions

and touch on many aspects: history and the human dimension; aspects of the

species pool; species traits; biotic interactions; climate and niche; and

management.

Main conclusions Australian acacias are an excellent model group for examining

interactions between evolutionary, ecological and socio-economic drivers of

species introductions. New insights have emerged on the biological, ecological

and evolutionary correlates of naturalization and invasion, but human usage

factors permeate all explanatory models. Understanding and managing

introduced Australian acacias requires a fundamental and integrative

appreciation of both intrinsic (e.g. species traits) and extrinsic (e.g. human

usage and perceptions) aspects.
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INTRODUCTION

Humans have moved species around the world for thousands of

years, but the number of species involved, the rate and

magnitude of movement, and the number of pathways involved

have increased massively over the past three centuries (Ricc-

iardi, 2007; Wilson et al., 2009). Non-native species are now

dominant components of many ecosystems. They provide

goods and services that sustain burgeoning human populations,

but are also important drivers of global change and, in many

cases, of ecosystem alteration (Pyšek & Richardson, 2010). The

human-mediated re-shuffling of the world’s biota also provides

opportunities for testing ecological and evolutionary theories.

The scientific study of the movement of species to areas outside

their natural ranges and the fate of these species in their new

ecosystems has become an important subdiscipline of bioge-

ography and ecology (Richardson, 2011a,b).

The ways in which different sectors of human societies

perceive non-native species are becoming increasingly complex

and change over time (e.g. Warren, 2007, 2008; Richardson

et al., 2008a,b). In particular, species that are commercially

important or that are valued by different sectors of society, but

which are also problematic invaders in parts of their range,

pose special challenges for those tasked with managing natural

resources. The human dimensions of invasions are receiving

increased attention, drawing interest from researchers in the

humanities (e.g. ethicists, historians, philosophers, sociolo-

gists) and those studying human behaviour (e.g. movement

patterns; Brockmann et al., 2006; González et al., 2008). The

rich literature on biological invasions is, however, compart-

mentalized—there is too little infusion of insights across

disciplines (Kueffer & Hirsch Hadorn, 2008). The set of papers

in this special issue of Diversity and Distributions aims to bring

together the work of scholars in a variety of disciplines to

initiate a truly comparative, multidisciplinary conversation and

to encourage genuinely trans-disciplinary work. Australian

acacias provide a good study system for this purpose.

Among tree genera of the world, three taxa make up a very

large part of plantings of species outside their native ranges

(where they may be termed alien, exotic or non-native): Acacia

Mill. (sensu lato), Eucalyptus L’Hér. and Pinus L. Of these,

Acacia and Pinus are particularly well represented in global lists

of invasive alien species (those that have spread from

introduction sites in novel environments) (Richardson &

Rejmánek, 2011). Pinus has been well studied, both within its

natural range and in the many parts of the world where pines

are grown as exotics (Richardson, 1998; Richardson et al.,

2007). The invasion ecology and underlying mechanisms

associated with range changes of pines have also been well

studied (Richardson, 2006; Richardson et al., 2008a,b; Carrillo-

Gavilan & Vila, 2010; Essl et al., 2010; Simberloff et al., 2010;

Nuñez & Medley, 2011; Procheş et al., 2011). Eucalypts, on the

other hand, although planted at a similar grand scale world-

wide, have been much less successful as invasive species, with

only a handful of major invaders (Richardson & Rejmánek,

2011). Not surprisingly, the invasion ecology of eucalypts is

less well known than that of pines (Rejmánek & Richardson,

2011).

Like pines and eucalypts, many acacias (a polyphyletic group

comprising more than 1350 species (Maslin et al., 2003); see

Appendix 1 for details on taxonomy) and especially Australian

acacias have been widely planted outside their natural ranges for

centuries. Different species have fared differently as non-

natives, even under similar environments and with similar

introduction histories. Nevertheless, landscapes in many parts

of the world are now dominated by planted or self-sown stands

of Australian acacias. Some species are crops of major

commercial importance and many others have considerable

value for a wide range of purposes (Griffin et al., 2011; Kull

et al., 2011; van Wilgen et al., 2011). Some Australian acacias

are among the most widespread and damaging of all invasive

plants (Lowe et al., 2000; Gaertner et al., 2009; Richardson &

Rejmánek, 2011), others are only moderately weedy, and yet

others are not known to invade, although some of the last-

mentioned are recent introductions (Wilson et al., 2011) and

likely represent a substantial invasion debt. The human

perception of Australian acacias differs markedly in different

parts of the world where they are grown as exotics. Even within

regions, different sectors of human society view different species

very differently and within distinct cultural and historical

contexts (Carruthers et al., 2011; Kull et al., 2011). Attempts to

manage Australian acacias have taken many forms in different

parts of the world (Wilson et al., 2011). Management policies,

legislation and best-practice guidelines in different regions are

the result of the complex interplay between cultural and socio-

political factors, shaped by environmental drivers and distur-

bance regimes (e.g. Roura-Pascual et al., 2010).

The long history of widespread transfers and planting of

Australian acacias in many parts of the world has created an

outstanding natural experiment with considerable opportuni-

ties for garnering insights into the factors that influence, for

example: (1) the ways that different introduced species have

been assimilated into ecosystems, local human cultures and

value systems and how this has changed over time and under

different circumstances; (2) why species have shown different

degrees of invasiveness in new environments; (3) why certain

ecosystems are more susceptible to acacia invasions than

others; (4) the function of acacias in recipient environments

and their capacity to alter ecosystem functioning and services;

and (5) the factors that influence the evolution of management
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responses in different regions. The multiple dimensions of the

natural experiment may suggest new approaches and priorities

for the emerging field of invasion science (Richardson, 2011b).

It also has much potential for helping to shape the dimensions

of and priorities for the young field of conservation biogeog-

raphy which applies biogeographical principles, theories and

analyses to problems regarding biodiversity conservation

(Richardson & Whittaker, 2010). Alien species pose a bewil-

dering array of challenges (and some opportunities) for

conservationists, and new frameworks and tools are needed

to assimilate the multitude of perspectives for devising

appropriate and sustainable management strategies.

AUSTRALIAN ACACIAS AS A MODEL SYSTEM

FOR INVASION SCIENCE

Australian acacias provide a good opportunity for a multidis-

ciplinary cross-examination of the many dimensions involved

in the global expansion of an important group of plants for at

least the following twelve reasons:

1. The group contains a very large number of taxa (1012

species were recognized as of October 2010), at least a third of

which have been moved by humans to areas outside their

natural ranges (Griffin et al., 2011; Tables 1 & 2; Appendix S1)

of which 23 are confirmed as invasive (sensu Pyšek et al., 2004)

(Richardson & Rejmánek, 2011) and many more are natural-

ized (Table 1).

2. The group has a well-resolved taxonomy and phylogeny

(Miller et al., 2011). This provides the opportunity to explore

whether invasiveness has a phylogenetic signature. Invasive and

naturalized species come from several, but not all, major clades

within the genus (Miller et al., 2011).

3. Australian acacias are present in most major biogeographical

regions in Australia (Fig. 1). Adaptations necessary to persist

across such a wide range of environmental conditions mean

that different taxa are pre-adapted to survive and flourish in

many different parts of the world (analogous conditions to

those that exist in different parts of the Australian range of

Acacia exist in many parts of the world; Fig. 2).

4. The native-range distributions of all taxa are well known, and

point-locality data are available from the Australia’s Virtual

Herbarium, facilitating detailed biogeographical and macro-

ecological analyses (Hui et al., 2011) and species distribution

modelling (Thompson et al., 2011; Webber et al., 2011).

5. Many Australian acacias show exceptionally high levels of

intraspecific divergence and variation (Le Roux et al., 2011).

As introductions of taxa to new regions have sampled different

proportions of the genetic diversity of native populations,

contemporary and micro-evolutionary processes and mecha-

nisms associated with persistence and invasiveness across

multiple species can be assessed both at inter- and intraspecific

levels (Le Roux et al., 2011; Thompson et al., 2011).

6. The extensive and various human usages have involved

artificial selection for various traits, many of which – such as

growth rate, robustness and environmental tolerance – could

potentially influence invasion success (Griffin et al., 2011).

7. Australian acacias have been widely utilized for many

purposes in many parts of the extra-Australian range. Receiv-

ing environments have rich and diverse socio-cultural histories

that have influenced the need for introductions of Australian

acacias and influence how they are assimilated into changing

cultures and value systems (Carruthers et al., 2011). These

pave the way for a new synthesis of the full suite of human

connections with Australian acacias outside their natural

ranges (Kull et al., 2011).

8. Introductions and the fate of plantings of Australian acacias

as exotics are generally well documented (in some cases

exceptionally well; e.g. Poynton, 2009), making it feasible to

explore factors associated with successes and failures and

testing the validity of particular paradigms associated with

different introduction histories, e.g. multiple versus single

introduction events (Le Roux et al., 2011), the role of different

ecophysiological and life-history traits (Castro-Dı́ez et al.,

2011; Gallagher et al., 2011; Gibson et al., 2011; Morris et al.,

2011) and features of natural ranges (Hui et al., 2011) in

determining invasiveness, and how metrics of human usage

interact with these factors (Castro-Dı́ez et al., 2011).

9. A few species have been very widely planted in massive

numbers in commercial plantations (Griffin et al., 2011).

Introduced Australian acacias are now dominant components

of ecosystems in many parts of the world (Fig. 3), where

contrasting conditions have exposed them to a wide range of

potential habitats and novel biotas.

10. A large literature exists on many aspects of Australian

acacias as non-native species, facilitating interspecific compar-

isons on many fronts.

11. Introductions of Australian acacias to a wide range of

ecosystems provide many opportunities to explore interactions

between trophic levels that contribute to invasive success

(notably in the case of mutualisms involving soil microbiota;

Rodrı́guez-Echeverrı́a et al., 2011), mediate their influence on

native biota (Le Maitre et al., 2011; Veldtman et al., 2011) and

affect the health of species of commercial importance (Wing-

field et al., 2011).

12. Similarly, the long history of management in some

countries, but relatively recent initiation of interventions in

others, creates an ideal situation for exchanging lessons and

building generalizations for best practice (Le Maitre et al., 2011;

Moore et al., 2011; van Wilgen et al., 2011; Wilson et al., 2011).

This paper provides background and context for the wide

range of issues covered in the special issue within a proposed

unified framework for biological invasions (Blackburn et al.,

2011) (Fig. 4). The following sections elucidate some of the key

factors that have shaped (and continue to shape) the global

expansion of Australian acacias. Particular attention is given to

themes touched upon in the special issue papers.

THE SPECIES POOL: AUSTRALIAN ACACIAS AT

HOME

Acacia subgenus Phyllodineae has undergone spectacular

radiations in Australia. Of the 1022 species in subgenus

Wattles: a model group for invasion science
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Table 1 Lists of Australian Acacia species relevant to different points on the introduction-naturalization-invasion continuum.

List Usage Numbers Description References

Australia All Acacia

species in

subgenus

Phyllodineae

that have

Australia as

part of their

native range

Total number

of species

(also used as

a reference

list of names)

1012 (A–E)

[note there are

a total of 1022

Acacia species

in subgenus

Phyllodineae]

The list of valid species as defined in the special issue.

Hybrids and crosses are not included, and

infra-specific information is ignored. There are

several groups, in particular the Acacia aneura

complex, where new species are currently being

described and it is estimated that there are up to 100

undescribed species (Maslin et al., 2003). However,

given the extensive taxonomic work performed on

this group in Australia, it is likely this list represents

90% of species. Most of these species are native

exclusively to Australia, only 17–20 species have a

native range extending outside Australia and only 10

are exclusively non-Australian. There are also two

species of Acacia subgenus Aculeiferum and seven

species of Acacia subgenus Acacia native to Australia.

Australia’s Virtual

Herbarium

(accessed 29 June

2010); World

Wide Wattle,

(accessed Dec.

2010); B. Maslin

(pers. comm.,

2010, 2011)

Global All records of

introduction

Number of

introduced

species

386 (A2–E) The number of Australian acacias that have been

introduced to countries outside Australia, a

combination of all the lists below. While there are

many clear examples of human-mediated dispersal

of acacias within Australia, these are not included as

intra-Australia dispersal cannot always be

definitively ascribed to human activities.

This paper

All records of

naturalization

Number of

naturalized

species

71 (C2–E) The number of Australian acacias that have

naturalized in countries other than Australia

according to Global Compendium of Weeds (GCW).

This list includes one species, A. holosericea, that has

been recorded as invasive but was not included in

the GCW at the time the database was accessed.

This paper

Confirmed

records of

invasion

Number of

invasive

species

23 (E) Data on Australian acacias from a global review of

invasive alien trees and shrubs. The list only

includes species for which there is clear evidence of

invasion (sensu Pyšek et al., 2004).

Richardson &

Rejmánek (2011)

Australian Tree

Seed Centre

(ATSC)

Number of

introduced

species

299 (A2–E) Export records of seed-lots sent from Australian Tree

Seed Centre (CSIRO, Australia) to other countries

around the world, 1980–2010. Data on the number

of regions to which seed-lots were sent, and the

number of seed-lots are also available (total of 49,052

seed lots).

Griffin et al.(2011)

18th and 19th

century

introductions

Number of

introduced

species

98 (A2–E) List of species introduced and cultivated in Europe.

This represents among one of the first waves of

botanical samples sent from Australia. Many of the

species were likely sent on from their original

location. Around 178 introductions can be

tied to current names, but a further 40 or so are only

known by their horticultural names.

Cavanagh (2006)

Herbarium

records (GBIF)

Number of

introduced

species

143–151 (A2–E) This list, based on 5580 herbarium records, is of

samples collected outside Australia. The list is taken

as evidence that mature plants were grown outside

Australia at some point in time. As 8 species

recorded have native ranges extending outside

Australia, there is some uncertainty about whether

the herbarium records collected for these plants were

following an introduction. Around 5% of all

herbarium records downloaded were not used as

they could not be given a valid name, or rejected as

an obvious error, or removed because of no location data.

Global

Biodiversity

Information

Facility (accessed

20 July 2010)

D. M. Richardson et al.
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Phyllodineae, only 17–20 species have native ranges that extend

outside Australia, and only 10 are exclusively extra-Australian

(Table 1), confined to the Indo-Pacific region. Within Aus-

tralia, the east–west divide acted as an important evolutionary

force because similar climatic and edaphic conditions occur on

both sides of the Nullabor Plain. For example, Mediterranean-

type climates occur in both south-western Western Australia

and in South Australia, but only about 50 Acacia species have

natural ranges that include both regions. Acacias are found in

almost all habitat types across the continent and, together with

eucalypts, epitomize the Australian landscape. The onset of

aridity (c. 15 Ma), together with old and nutrient-poor soils,

and complex interactions with climatic fluctuations and fire

across much of the continent have stimulated a rapid radiation

of unique adaptations in both acacias and eucalypts. For

acacias, centres of high species richness, such as the Mediter-

ranean-type climate zone of the south-western corner of

Western Australia (Fig. 1), have been foci of recent evolution-

ary divergence and also act as refugia favouring the persistence

of some relict forms (Hopper & Maslin, 1978).

Possibly the most characteristic trait of many members of

the group is the presence of persistent evergreen phyllodes

(modified petioles) – scleromorphic features with various

xeromorphic mechanisms. Sister lineages of Acacia subgenus

Phyllodineae have bipinnate leaves, and the modified phyllodes

appear to be a basal trait that was subsequently lost on at least

three independent occasions (Murphy et al., 2003). Phyllodes

are highly variable in the group, differing in size, shape and

nervature. These evolutionary changes are complex, and

homology among phyllode variants is not well understood.

However, it is hypothesized that phyllode architecture has

been selected through changing environmental conditions,

Table 1 Continued.

List Usage Numbers Description References

Global

Compendium

of Weeds (GCW)

Number of

naturalized and

number of

invasive

species

70 (C3–E)

16 (E)

Based on records returned from a search of the term

‘Acacia’ in the GCW. After sorting for valid

Australian acacias and excluding 7 species that are

only recorded as naturalized in Australia and that

have not been recorded as introduced in either ATSC

or GBIF, this gave 924 records that state a species is a

‘weed’ or a similar synonym. We have assumed that

the presence on this list is evidence of naturalization

(i.e. escape from cultivation and self-sustaining

population) and that if a record states a

species is ‘invasive’, then it is.

Randall (2002)

and May 2010

update of Global

Compendium of

Weeds supplied

by R.P. Randall.

South Africa South African

Herbarium

records

Number of

introduced

species

69 (A2–E) 747 herbarium records of plants as part of a

cultivated plant collection. Lists edited as for the

global list.

H. Glen (pers.

comm. 2009).

Experimental

forestry

introductions

Success of

introduction

3 (B2)

11 (B2-E)

5 (C3-D2)

12 (E)

Records of historical forestry trials for southern

Africa. Many of these species may no longer be

present (and so A2). Provides an indication of

species, location, and result of introduction, but it is

known to not be a complete list, e.g. it does not

include A. implexa, and some errors have been

identified, e.g. Acacia paradoxa is much more

widespread than recorded (Zenni et al., 2009).

Poynton (2009).

Southern

African Plant

Invaders Atlas

(SAPIA)

Number of

naturalized or

invasive

species

1 (C3

presumed A2)

2 (C3)

2 (D1)

14 (E)

Record of the species outside of cultivation with the

following updates: Acacia cultriformis has not been

confirmed and is not included here; Acacia fimbriata

is recorded as naturalized and a herbarium sample

was taken several decades ago, but no plants are now

present at the site (so presumed A2); A few plants of

A. retinodes and A. ulicifolia are persisting and

recruiting at Tokai Arboretum (C3), A. viscidula and

Acacia adunca have naturalized and shown some

propensity for local spread (D1), all other species

show significant spread and recruitment beyond the

point of introduction (E).

Southern African

Plant Invaders

Atlas (accessed

March 2009) also

J. Wilson pers.

obs. 2011.

Each list is related to the different stages in the unified framework for biological invasions using the A–E scheme proposed by Blackburn et al., 2011

(see the legend to Fig. 4 for a definition of the categories). Lists from South Africa were included in addition to the global lists as an example of

regional application of lists. For further details and the actual data see Appendix S1.

Wattles: a model group for invasion science
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Table 2 Australian Acacia species described as of October 2010 and the furthest point along the introduction-naturalization-invasion

continuum that they are recorded as having reached (see Table 1, Fig. 4, Appendix S1).

A.  abbatiana
A.  abbreviata
A.  abrupta
A.  acanthaster
A.  acanthoclada
A.  acellerata
A.  acinacea
A.  aciphylla
A.  acoma
A.  acradenia
A.  acrionastes
A.  acuaria
A.  aculeatissima
A.  aculeiformis
A.  acuminata
A.  acutata
A.  adenogonia
A.  adinophylla
A.  adnata
A.  adoxa
A.  adsurgens
A.  adunca
A.  aemula
A.  aestivalis
A.  alata
A.  alaticaulis
A.  alcockii
A.  alexandri
A.  alleniana
A.  alpina
A.  amanda
A.  amblygona
A.  amblyophylla
A.  amentifera
A.  ammobia
A.  ammophila
A.  amoena
A.  ampliata
A.  ampliceps
A.  amputata
A.  amyctica
A.  anarthros
A.  anasilla
A.  anastema
A.  anaticeps
A.  anceps
A.  ancistrocarpa
A.  ancistrophylla
A.  andrewsii
A.  aneura
A.  anfractuosa
A.  angusta
A.  anomala
A.  anthochaera
A.  aphanoclada
A.  aphylla
A.  applanata
A.  aprepta
A.  aprica
A.  arafurica
A.  araneosa
A.  arbiana
A.  arcuatilis
A.  areolata
A.  argentina
A.  argutifolia
A.  argyraea
A.  argyrodendron
A.  argyrophylla
A.  argyrotricha
A.  arida
A.  aristulata
A.  armillata
A.  armitii
A.  arrecta
A.  ascendens
A.  asepala
A.  ashbyae
A.  asparagoides
A.  aspera
A.  asperulacea
A.  assimilis
A.  ataxiphylla
A.  atkinsiana
A.  atopa
A.  atrox
A.  attenuata
A.  aulacocarpa
A.  aulacophylla
A.  auratiflora
A.  aureocrinita
A.  auricoma
A.  auriculiformis
A.  auripila
A.  auronitens
A.  ausfeldii
A.  awestoniana
A.  axillaris
A.  ayersiana
A.  baeuerlenii
A.  baileyana
A.  bakeri
A.  balsamea
A.  bancroftiorum
A.  barakulensis
A.  barattensis
A.  barbinervis
A.  barrettiorum
A.  barringtonensis
A.  basedowii
A.  baueri
A.  baxteri
A.  beadleana
A.  beauverdiana
A.  beckleri
A.  benthamii
A.  betchei
A.  bidentata
A.  bifaria
A.  biflora
A.  binata
A.  binervata
A.  binervia
A.  bivenosa
A.  blakei
A.  blakelyi
A.  blaxellii

A.  blayana
A.  boormanii
A.  botrydion
A.  brachybotrya
A.  brachycarpa
A.  brachyclada
A.  brachyphylla
A.  brachypoda
A.  brachystachya
A.  bracteolata
A.  brassii
A.  brockii
A.  bromilowiana
A.  browniana
A.  brownii
A.  brumalis
A.  brunioides
A.  bulgaensis
A.  burbidgeae
A.  burdekensis
A.  burkittii
A.  burrana
A.  burrowii
A.  burrowsiana
A.  buxifolia
A.  bynoeana
A.  caerulescens
A.  caesariata
A.  caesiella
A.  calamifolia
A.  calantha
A.  calcarata
A.  calcicola
A.  caleyi
A.  calyculata
A.  cambagei
A.  camptoclada
A.  campylophylla
A.  cana
A.  cangaiensis
A.  capillaris
A.  cardiophylla
A.  carens
A.  carneorum
A.  carnosula
A.  caroleae
A.  cassicula
A.  castanostegia
A.  cataractae
A.  catenulata
A.  cavealis
A.  cedroides
A.  celastrifolia
A.  celsa
A.  centrinervia
A.  cerastes
A.  chalkeri
A.  chamaeleon
A.  chapmanii
A.  chartacea
A.  cheelii
A.  chinchillensis
A.  chippendalei
A.  chisholmii
A.  chrysella
A.  chrysocephala
A.  chrysochaeta
A.  chrysopoda
A.  chrysotricha
A.  cincinnata
A.  citrinoviridis
A.  citriodora
A.  clandullensis
A.  clelandii
A.  clunies−rossiae
A.  clydonophora
A.  cochlearis
A.  cochlocarpa
A.  cockertoniana
A.  cognata
A.  colei
A.  colletioides
A.  comans
A.  complanata
A.  concolorans
A.  concurrens
A.  conferta
A.  confluens
A.  congesta
A.  conjunctifolia
A.  conniana
A.  consanguinea
A.  consobrina
A.  conspersa
A.  constablei
A.  continua
A.  convallium
A.  coolgardiensis
A.  coriacea
A.  costata
A.  costiniana
A.  courtii
A.  covenyi
A.  cowaniana
A.  cowleana
A.  cracentis
A.  craspedocarpa
A.  crassa
A.  crassicarpa
A.  crassistipula
A.  crassiuscula
A.  crassuloides
A.  cremiflora
A.  crenulata
A.  cretacea
A.  cretata
A.  crispula
A.  crombiei
A.  cultriformis
A.  cummingiana
A.  cuneifolia
A.  cupularis
A.  curranii
A.  curvata
A.  cuspidifolia
A.  cuthbertsonii
A.  cyclops

A.  cylindrica
A.  cyperophylla
A.  dacrydioides
A.  dallachiana
A.  dangarensis
A.  daphnifolia
A.  daviesii
A.  daviesioides
A.  daweana
A.  dawsonii
A.  dealbata
A.  deanei
A.  debilis
A.  declinata
A.  decora
A.  decurrens
A.  deficiens
A.  deflexa
A.  delibrata
A.  delicatula
A.  delphina
A.  deltoidea
A.  demissa
A.  dempsteri
A.  densiflora
A.  denticulosa
A.  dentifera
A.  depressa
A.  dermatophylla
A.  derwentiana
A.  desertorum
A.  desmondii
A.  deuteroneura
A.  diallaga
A.  diaphana
A.  diaphyllodinea
A.  dictyoneura
A.  dictyophleba
A.  didyma
A.  dielsii
A.  dietrichiana
A.  difficilis
A.  difformis
A.  dilatata
A.  dimidiata
A.  diminuta
A.  disparrima
A.  dissimilis
A.  dissona
A.  distans
A.  disticha
A.  divergens
A.  dodonaeifolia
A.  dolichophylla
A.  donaldsonii
A.  doratoxylon
A.  dorothea
A.  dorsenna
A.  drepanocarpa
A.  drepanophylla
A.  drewiana
A.  drummondii
A.  dunnii
A.  dura
A.  durabilis
A.  duriuscula
A.  echinula
A.  echinuliflora
A.  effusa
A.  effusifolia
A.  elachantha
A.  elata
A.  elongata
A.  empelioclada
A.  enervia
A.  ensifolia
A.  enterocarpa
A.  epacantha
A.  epedunculata
A.  ephedroides
A.  eremaea
A.  eremophila
A.  eremophiloides
A.  ericifolia
A.  ericksoniae
A.  erinacea
A.  erioclada
A.  eriopoda
A.  errabunda
A.  estrophiolata
A.  euthycarpa
A.  euthyphylla
A.  evenulosa
A.  everistii
A.  excelsa
A.  excentrica
A.  exilis
A.  exocarpoides
A.  extensa
A.  fagonioides
A.  falcata
A.  falciformis
A.  farinosa
A.  fasciculifera
A.  faucium
A.  fauntleroyi
A.  fecunda
A.  ferocior
A.  filamentosa
A.  filicifolia
A.  filifolia
A.  filipes
A.  fimbriata
A.  flabellifolia
A.  flagelliformis
A.  flavescens
A.  flavipila
A.  fleckeri
A.  flexifolia
A.  flocktoniae
A.  floribunda
A.  floydii
A.  fodinalis
A.  formidabilis
A.  forrestiana
A.  forsythii
A.  fragilis

A.  frigescens
A.  froggattii
A.  fulva
A.  galeata
A.  galioides
A.  gardneri
A.  gelasina
A.  gemina
A.  genistifolia
A.  georgensis
A.  georginae
A.  gibbosa
A.  gilbertii
A.  gilesiana
A.  gillii
A.  gittinsii
A.  gladiiformis
A.  glandulicarpa
A.  glaucissima
A.  glaucocaesia
A.  glaucocarpa
A.  glaucoptera
A.  gloeotricha
A.  glutinosissima
A.  gnidium
A.  gonocarpa
A.  gonoclada
A.  gonophylla
A.  gordonii
A.  gracilenta
A.  gracilifolia
A.  graciliformis
A.  gracillima
A.  grandifolia
A.  granitica
A.  graniticola
A.  grasbyi
A.  grayana
A.  gregorii
A.  grisea
A.  guinetii
A.  gunnii
A.  guymeri
A.  hadrophylla
A.  hakeoides
A.  halliana
A.  hamersleyensis
A.  hamiltoniana
A.  hammondii
A.  handonis
A.  harpophylla
A.  harveyi
A.  hastulata
A.  havilandiorum
A.  helicophylla
A.  helmsiana
A.  hemignosta
A.  hemiteles
A.  hemsleyi
A.  hendersonii
A.  heterochroa
A.  heteroclita
A.  heteroneura
A.  hexaneura
A.  hilliana
A.  hippuroides
A.  hispidula
A.  hockingsii
A.  holosericea
A.  holotricha
A.  homaloclada
A.  hopperiana
A.  horridula
A.  howittii
A.  hubbardiana
A.  huegelii
A.  humifusa
A.  hyaloneura
A.  hylonoma
A.  hypermeces
A.  hystrix
A.  idiomorpha
A.  imbricata
A.  imitans
A.  imparilis
A.  implexa
A.  improcera
A.  inaequilatera
A.  inaequiloba
A.  inamabilis
A.  incanicarpa
A.  inceana
A.  incognita
A.  incongesta
A.  incrassata
A.  incurva
A.  infecunda
A.  ingramii
A.  ingrata
A.  inophloia
A.  inops
A.  insolita
A.  intorta
A.  intricata
A.  irrorata
A.  islana
A.  isoneura
A.  iteaphylla
A.  ixiophylla
A.  ixodes
A.  jackesiana
A.  jacksonioides
A.  jamesiana
A.  jasperensis
A.  jennerae
A.  jensenii
A.  jibberdingensis
A.  johannis
A.  johnsonii
A.  jonesii
A.  jucunda
A.  julifera
A.  juncifolia
A.  kalgoorliensis
A.  karina
A.  kelleri
A.  kempeana

A.  kenneallyi
A.  kerryana
A.  kettlewelliae
A.  kimberleyensis
A.  kingiana
A.  kochii
A.  kulnurensis
A.  kybeanensis
A.  kydrensis
A.  laccata
A.  lacertensis
A.  lachnophylla
A.  lamprocarpa
A.  lanceolata
A.  lanei
A.  lanigera
A.  lanuginophylla
A.  laricina
A.  lasiocalyx
A.  lasiocarpa
A.  lateriticola
A.  latescens
A.  latifolia
A.  latior
A.  latipes
A.  latisepala
A.  latzii
A.  lauta
A.  lazaridis
A.  leeuweniana
A.  legnota
A.  leichhardtii
A.  leiocalyx
A.  leioderma
A.  leiophylla
A.  lentiginea
A.  leprosa
A.  leptalea
A.  leptocarpa
A.  leptoclada
A.  leptoloba
A.  leptoneura
A.  leptopetala
A.  leptophleba
A.  leptospermoides
A.  leptostachya
A.  leucoclada
A.  leucolobia
A.  levata
A.  ligulata
A.  ligustrina
A.  limbata
A.  linarioides
A.  linearifolia
A.  lineata
A.  lineolata
A.  linifolia
A.  lirellata
A.  littorea
A.  lobulata
A.  loderi
A.  longifolia
A.  longipedunculata
A.  longiphyllodinea
A.  longispicata
A.  longispinea
A.  longissima
A.  loroloba
A.  loxophylla
A.  lucasii
A.  lullfitziorum
A.  lumholtzii
A.  lunata
A.  luteola
A.  lycopodiifolia
A.  lysiphloia
A.  mabellae
A.  macdonnellensis
A.  mackeyana
A.  macnuttiana
A.  maconochieana
A.  macradenia
A.  maidenii
A.  maitlandii
A.  malloclada
A.  mangium
A.  manipularis
A.  maranoensis
A.  mariae
A.  marramamba
A.  masliniana
A.  matthewii
A.  maxwellii
A.  mearnsii
A.  megacephala
A.  megalantha
A.  meiantha
A.  meiosperma
A.  meisneri
A.  melanoxylon
A.  melleodora
A.  melvillei
A.  menzelii
A.  merinthophora
A.  merrallii
A.  merrickiae
A.  microbotrya
A.  microcalyx
A.  microcarpa
A.  microcybe
A.  microneura
A.  microsperma
A.  midgleyi
A.  mimica
A.  mimula
A.  minutifolia
A.  minutissima
A.  minyura
A.  mitchellii
A.  mitodes
A.  moirii
A.  mollifolia
A.  montana
A.  monticola
A.  mooreana
A.  mountfordiae
A.  mucronata

A.  muelleriana
A.  multisiliqua
A.  multispicata
A.  multistipulosa
A.  muriculata
A.  murrayana
A.  mutabilis
A.  myrtifolia
A.  nanodealbata
A.  nanopravissima
A.  nematophylla
A.  neriifolia
A.  nervosa
A.  nesophila
A.  neurocarpa
A.  neurophylla
A.  newbeyi
A.  newmanii
A.  nigricans
A.  nigripilosa
A.  nitidula
A.  nivea
A.  nodiflora
A.  notabilis
A.  nova−anglica
A.  nuperrima
A.  nyssophylla
A.  obesa
A.  obliquinervia
A.  obovata
A.  obtecta
A.  obtusata
A.  obtusifolia
A.  octonervia
A.  oldfieldii
A.  olgana
A.  oligoneura
A.  olsenii
A.  omalophylla
A.  ommatosperma
A.  oncinocarpa
A.  oncinophylla
A.  ophiolithica
A.  oraria
A.  orbifolia
A.  orites
A.  orthocarpa
A.  orthotricha
A.  oshanesii
A.  oswaldii
A.  oxycedrus
A.  oxyclada
A.  pachyacra
A.  pachycarpa
A.  pachyphylla
A.  pachypoda
A.  palustris
A.  papulosa
A.  papyrocarpa
A.  paradoxa
A.  paraneura
A.  parramattensis
A.  parvipinnula
A.  pataczekii
A.  patagiata
A.  paula
A.  pedina
A.  pedleyi
A.  pellita
A.  pelophila
A.  pendula
A.  penninervis
A.  pentadenia
A.  perangusta
A.  perryi
A.  petraea
A.  peuce
A.  phaeocalyx
A.  pharangites
A.  phasmoides
A.  phlebocarpa
A.  phlebopetala
A.  phlebophylla
A.  pickardii
A.  piligera
A.  pilligaensis
A.  pinguiculosa
A.  pinguifolia
A.  platycarpa
A.  plautella
A.  plectocarpa
A.  plicata
A.  podalyriifolia
A.  polifolia
A.  poliochroa
A.  polyadenia
A.  polybotrya
A.  polystachya
A.  porcata
A.  praelongata
A.  praemorsa
A.  praetermissa
A.  prainii
A.  pravifolia
A.  pravissima
A.  preissiana
A.  prismifolia
A.  pritzeliana
A.  producta
A.  profusa
A.  proiantha
A.  prominens
A.  provincialis
A.  pruinocarpa
A.  pruinosa
A.  pterocaulon
A.  ptychoclada
A.  ptychophylla
A.  pubescens
A.  pubicosta
A.  pubifolia
A.  pubirhachis
A.  pulchella
A.  pulviniformis
A.  puncticulata
A.  purpureopetala
A.  pusilla

A.  pustula
A.  pycnantha
A.  pycnocephala
A.  pycnostachya
A.  pygmaea
A.  pyrifolia
A.  quadrilateralis
A.  quadrimarginea
A.  quadrisulcata
A.  quinquenervia
A.  quornensis
A.  racospermoides
A.  ramiflora
A.  ramulosa
A.  recurvata
A.  redolens
A.  rendlei
A.  repanda
A.  repens
A.  resinicostata
A.  resinimarginea
A.  resinistipulea
A.  resinosa
A.  restiacea
A.  retinervis
A.  retinodes
A.  retivenea
A.  retrorsa
A.  rhamphophylla
A.  rhetinocarpa
A.  rhigiophylla
A.  rhodophloia
A.  rhodoxylon
A.  riceana
A.  richardsii
A.  ridleyana
A.  rigens
A.  rigescens
A.  rigida
A.  rivalis
A.  robeorum
A.  robiniae
A.  rossei
A.  rostellata
A.  rostellifera
A.  rothii
A.  roycei
A.  rubida
A.  rubricaulis
A.  rubricola
A.  rupicola
A.  ruppii
A.  ryaniana
A.  sabulosa
A.  saliciformis
A.  salicina
A.  saligna
A.  saxatilis
A.  saxicola
A.  scabra
A.  scalena
A.  scalpelliformis
A.  schinoides
A.  sciophanes
A.  scirpifolia
A.  scleroclada
A.  sclerophylla
A.  sclerosperma
A.  scopulorum
A.  seclusa
A.  sedifolia
A.  semicircinalis
A.  semilunata
A.  semirigida
A.  semitrullata
A.  sericata
A.  sericocarpa
A.  sericoflora
A.  sericophylla
A.  serpentinicola
A.  sertiformis
A.  sessilis
A.  sessilispica
A.  setulifera
A.  shirleyi
A.  shuttleworthii
A.  sibilans
A.  sibina
A.  sibirica
A.  siculiformis
A.  signata
A.  silvestris
A.  simmonsiana
A.  simsii
A.  simulans
A.  singula
A.  smeringa
A.  solenota
A.  sorophylla
A.  spania
A.  sparsiflora
A.  spathulifolia
A.  speckii
A.  spectabilis
A.  spectra
A.  sphacelata
A.  sphaerostachya
A.  sphenophylla
A.  spilleriana
A.  spinescens
A.  spinosissima
A.  spirorbis
A.  splendens
A.  spondylophylla
A.  spongolitica
A.  spooneri
A.  sporadica
A.  squamata
A.  stanleyi
A.  startii
A.  steedmanii
A.  stellaticeps
A.  stenophylla
A.  stenoptera
A.  stereophylla
A.  stigmatophylla
A.  stipuligera

A.  stipulosa
A.  storyi
A.  striatifolia
A.  stricta
A.  strongylophylla
A.  suaveolens
A.  subcaerulea
A.  subcontorta
A.  subflexuosa
A.  sublanata
A.  subporosa
A.  subracemosa
A.  subrigida
A.  subsessilis
A.  subternata
A.  subtessarogona
A.  subtiliformis
A.  subtilinervis
A.  subulata
A.  sulcata
A.  sulcaticaulis
A.  symonii
A.  synchronicia
A.  synoria
A.  tabula
A.  tarculensis
A.  tayloriana
A.  telmica
A.  tenuinervis
A.  tenuior
A.  tenuispica
A.  tenuissima
A.  tephrina
A.  teretifolia
A.  terminalis
A.  tessellata
A.  tetanophylla
A.  tetragonocarpa
A.  tetragonophylla
A.  tetraneura
A.  tetraptera
A.  thoma
A.  thomsonii
A.  tingoorensis
A.  tolmerensis
A.  toondulya
A.  torticarpa
A.  torulosa
A.  trachycarpa
A.  trachyphloia
A.  translucens
A.  tratmaniana
A.  trigonophylla
A.  trinalis
A.  trinervata
A.  trineura
A.  triptera
A.  triptycha
A.  triquetra
A.  tropica
A.  truculenta
A.  trudgeniana
A.  trulliformis
A.  truncata
A.  tuberculata
A.  tumida
A.  tysonii
A.  ulicifolia
A.  ulicina
A.  uliginosa
A.  umbellata
A.  umbraculiformis
A.  uncifera
A.  uncifolia
A.  uncinata
A.  uncinella
A.  undoolyana
A.  undosa
A.  undulifolia
A.  unguicula
A.  unifissilis
A.  urophylla
A.  validinervia
A.  varia
A.  vassalii
A.  venulosa
A.  verniciflua
A.  veronica
A.  verricula
A.  verticillata
A.  vestita
A.  victoriae
A.  vincentii
A.  viscidula
A.  viscifolia
A.  vittata
A.  volubilis
A.  walkeri
A.  wanyu
A.  wardellii
A.  warramaba
A.  wattsiana
A.  webbii
A.  websteri
A.  whibleyana
A.  whitei
A.  wickhamii
A.  wilcoxii
A.  wilhelmiana
A.  willdenowiana
A.  williamsiana
A.  williamsonii
A.  willingii
A.  wilsonii
A.  wiseana
A.  woodmaniorum
A.  xanthina
A.  xanthocarpa
A.  xerophila
A.  xiphophylla
A.  yirrkallensis
A.  yorkrakinensis
A.  zatrichota

626 species never recorded outside Australia [A1]
315 species recorded outside Australia but not known to be naturalized [A2−C0]
48 recorded as naturalized outside Australia but no clear record as invasive [C1−D2]
23 recorded as invasive outside Australia [E]

D. M. Richardson et al.
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specifically the change from mesic to arid landscapes. Like

many leguminous species, all Australian acacias are thought to

have a symbiotic association with rhizobia, which allows them

to fix atmospheric nitrogen. The vegetation of Australia is

unusual in that nitrogen-fixing plants, particularly acacias, are

major components of most vegetation types. Some acacias

combine fungal ectomycorrhizae and bacterial symbionts to

assimilate nitrogen. Acacia species have particular pollination

syndromes with low energy allocation to floral nectar but with

high pollen rewards. Acacias have polyad pollen grains to

maximize seed set after pollination. Other adaptations that

have arisen as a consequence of this adaptive radiation are a

suite of mechanisms to survive and persist fire (e.g. fire-

stimulated germination of soil-stored seeds, and resprouting)

and, in some species, the utilization of animals for seed

dispersal (elaiosomes to attract ants and arils to attract birds)

(O’Dowd & Gill, 1986; Orians & Milewski, 2007). These

features might explain the diversity and dominance of Acacia

species across such a range of environments in Australia

(Fig. 1).

Human-mediated transport of species beyond their histor-

ical ranges, especially in the last century, has breached

biogeographical barriers within Australia, allowing many

acacias to occupy novel habitats where some species have

become naturalized or invasive (sensu Pyšek et al., 2004),

changing the continental-scale distribution pattern of the

genus. At least 11 species are classified as invasive within

Australia (Richardson & Rejmánek, 2011) and many more are

established/naturalized outside their natural ranges. Within

Australia, the ranges of some acacias have altered with human

activities. Land transformation through agriculture and urban-

ization has not only led to range reductions but also to

expansions, thus altering the dynamics of Australian acacias

even within Australia.

THE JOURNEY: AUSTRALIAN ACACIAS ON THE

MOVE (THE GEOGRAPHIC BARRIER)

Whereas most intercontinental movements of plants in the

colonial era was from the ‘Old World’ to the ‘New World’,

Australian acacias and eucalypts represent a special case in

‘ecological imperialism’ (Crosby, 1986). Species from both

groups became conspicuous, even dominant components in

many regions of the world soon after they were introduced and

widely planted. The export of Australian acacias to other parts

of the world began soon after the arrival of Europeans in

Australia in 1788. Many Australian acacias were growing in

Europe by the end of the first quarter of the 19th century

(Cavanagh, 2006). Kull & Rangan (2008) provide a succinct

summary of the main phases of the dissemination of Australian

acacias around the world. They separate four groups of

Australian acacias in the ‘Outbound from Australia’ compo-

Figure 1 Species richness of Australian Acacia species across

Australia (shading indicates number of taxa in half-degree cells).

The inset shows the main categories of Australian agro-climatic

classes (Hutchinson et al., 2005). Major categories indicated on

the map are: B (cold); D (cool wet); E (warm, seasonally wet/dry;

E1 is classic ‘Mediterranean’ climate, E2 is ‘Mediterranean’-type

climate, but with drier cooler winters and less growth potential

than in E1); F (warm, wet); G (warm to hot, very dry); H (hot,

dry); I (hot, seasonally wet/dry); and J (hot, wet).
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Figure 2 The number of invasive Australian Acacia species known in each of 15 regions of the world (Richardson & Rejmánek, 2011)

and a map of areas climatically suitable for Australian acacias. Shading indicates number of species that could potentially grow in different

areas. Results are based on a bioclimatic analysis using a simple envelope approach using all taxa of Australian acacias from Australia’s

Virtual Herbarium (2010) with six or more records (838 species were used to produce the map). Methods used in generating the map

are described in Appendix 2.

Wattles: a model group for invasion science
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nent of world-wide ‘acacia exchanges’: cool-climate wattles;

Acacia melanoxylon; tropical acacias; and arid-zone acacias.

Besides the different species involved in these exchanges, the

four groups differ importantly in terms of the agencies

responsible for intercontinental, regional and local movements.

South Africa received a greater diversity and magnitude (in

terms of numbers of introduction events and total propagule

pressure) of Australian acacia introductions than any other

region in the 19th century. About 70 species were introduced,

most of them in the mid-19th century (Poynton, 2009;

Table 1). Another major boom in introductions and plantings

to additional countries outside Australia occurred around 1980

(Griffin et al., 2011).

Details on introduction histories of alien species are

important for understanding many aspects of their perfor-

mance in new environments. Although (putative) dates of

introduction and other aspects, such as approximate number

of seeds and likely provenance, are available for some species

(e.g. Poynton, 2009), data are sparse for most species and the

reliability of available data is questionable in some cases.

Molecular techniques provide exciting opportunities for

enhancing our understanding of mechanisms underlying

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 3 Examples of landscapes in different parts of the world dominated by Australian acacias. (a) Plantation of Acacia crassicarpa in

Riau Province, Sumatra (photograph: S.J. Midgley); (b) Derelict Acacia mangium plantation (foreground) with undisturbed tropical

dipterocarp forest in the background in Sampadi, Lundu district, Sarawak, Malaysia (photograph: B. Bakar); (c) Acacia mangium plantation

in Sumatra, Indonesia (photograph: M.J. Wingfield); (d) Self-sown Acacia salicina growing the Negev desert, Israel (photograph: J.-M.

Dufour-Dror); (e) A natural hybrid of Acacia auriculiformis and A. mangium growing on previously bare and overgrazed land between Vinh

and Hanoi, Vietnam (photograph: S.J. Midgley); (f) Commercial Acacia mearnsii plantation in KwaZulu-Natal, South Africa (photograph:

G. Chigeza); (g) Invasive Acacia dealbata near Coimbra, Portugal (photograph: D.M. Richardson); (h) Invasive Acacia dealbata near

Concepcion, Chile (individual with pods in right foreground) (photograph: D.M. Richardson); (i) Mixed stand of invasive trees in the

Western Cape, South Africa, with Acacia pycnantha in the foreground (photograph: D.M. Richardson); (j) Acacia cyclops invading fynbos

vegetation, Western Cape, South Africa (photograph: D.M. Richardson); (k) Acacia mearnsii invading riparian vegetation, Western Cape,

South Africa (photograph: D.M. Richardson); (l) Acacia saligna invading near Skarinou, Cyprus (photograph: C. Christodoulou).
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successful invasions by shedding light on key facets of

introduction histories, such as the number of introductions

(single versus multiple – shown to have profound implications

for performance), the relationship between genetic diversity of

introduced species and their performance, the occurrence and

extent of hybridization within or between species, and the

identification of native provenances (Le Roux & Wieczorek,

2009). Elucidation of subsequent processes and the fate of

(d)

• Introductions 
no longer 
profitable
• Conflict of 
interests 
between 
producers and 
potential threats

[15,19,21]

X X • Chemical and mechanical 
control difficult
• Biological control a longer-
term option, but conflicts with 
uses need to be resolved and 
potential to create novel food-
webs
• Populations persist
• Follow-up required to deal 
with regrowthfrom seed-banks

[11,14,19,21]

•New introductions to be 
assessed for invasion risk
• Explicit efforts to limit spread 
from cultivation
• Watch list to be produced
• Sterile cultivars used in 
production

[8,12,19,21]

• Several on-going efforts, 
none complete yet  
• Persistent seed-banks are 
problematic
• Essential to prevent dispersal
• Not cost-effective if large 
extent or low management 
efficacy

[19,20,21]

• Alterations to 
nutrient and fire 
regimes
• Active restoration 
often required
• Can often  
transform
ecosystems

[18,19,21]

Cultivation stops

Eradication Managing
impactsRisk

assessment

Maintenance

1 30 60 90
Species richness

Geography
Captivity 

or
cultivation

Survival Reproduction Dispersal Environmental

(a)

• Usually ecosystem transformers
• Significant invasion debt
• Range will change with climate change

[1,2,15,16,17,18,21]

•Speciose group
• Variation in traits (some conserved)
• N-fixing plants
• Partially resolved phylogeny
• Good native range data

[1,6,7,8,13,16,17]

• Biogeographic
region isolated after 
clade diversification
• Mostly confined to 
Australia
• Several centres of 
diversification

[1,6,7,8,13]

• Often planted 
into nature
• Large 
monocultures
• Very high 
propagule
pressure

[5]

• 1/3 of Earth is climatically 
suitable
• Generalist physiological 
traits facilitate survival
• Can form mutualisms easily
• Can survive in low nutrient 
conditions

[1,8,9,10,13,15,16,17]

• Generalist 
pollinators
• Fit into 
pollination 
networks easily
• Large seed 
production

[9,11]

• Seeds 
dispersed by 
birds and ants
• Often fit into 
seed-dispersal 
networks

[9,11]

• Often occur in several 
habitats
• Some species are limited to 
particular soil types
• Natural disturbance (notably 
fire) facilitates establishment 
in native vegetation

[10,13,14]

Transport

• Human pathways 
co-opted (e.g. 

vehicles and goods 
containing 

contaminated soil)
• Disturbance 

facilitates 
establishment

[3,4]

• Human disturbance 
create opportunities 
for establishment

• Seedlings protected 
from herbivory
• Fire excluded

[3,4]

• Over 200 years of 
introductions 
• Initially mostly to Med. 
climate
• Last 30 years more tropical 
and arid species
• 386 species introduced
• Not all genotypes introduced

[1,2,3,5,7,13]

• Planted for utilitarian reasons (e.g. forestry 
and dune stabilization)
• Often planted into nature or in large 
monocultures
• Many species also for ornamental but in 
much lower quantities
• Little consideration of invasion initially but 
increasing recently

[3,4,5,12]

(b)

(c)

A1: 626

A2: ?

B1: ?

B2: 315

B3: ?

C0: ?

C1: ?

C2: ?

D1: ?

D2: ?

C3: 48 E: 23

1012 species
native to Australia

23 species invasive
outside Australia

Escape Establishment Spread

Figure 4 Key issues emerging from Australian acacia introductions as a natural experiment based on the papers in this special issue. These

papers are mapped onto relevant points of the proposed unified framework for biological invasions (adapted from Blackburn et al., 2011).

The numbers in square brackets refer to the papers in the species issue (see below). (a) The number of species in each introduction category

(i.e. the state) based on Tables 1 & 2. The full data are in Appendix S1 (see below for the definitions of the categories); (b) The biotic and

abiotic barriers to invasion; (c) How humans have facilitated the process of Australia acacia movements and invasions; (d) Management

actions. Category definitions: A1: no individuals transported beyond limit of native range; A2: historically transported but no longer found

outside Australia; B1: individuals transported beyond native range and kept in captivity or quarantine; B2: individuals transported beyond

limits of native range, and in cultivation; B3: individuals transported beyond limits of native range, and directly released into novel

environment; C0: individuals released into the wild in location where introduced, but incapable of surviving for a significant period; C1:

individuals surviving in the wild, no reproduction; C2: individuals surviving and reproducing in the wild, but no populations self-sustaining;

D1: self-sustaining population in wild individuals dispersing a significant distance and surviving; D2: as D1, but individuals also reproducing

a significant distance from the parent plant; E: invasive across several habitats. References: [1] This paper; [2] Richardson & Rejmánek (2011);

[3] Carruthers et al. (2011); [4] Kull et al.(2011); [5] Griffin et al.(2011); [6] Miller et al.(2011); [7] Le Roux et al.(2011); [8] Hui

et al.(2011); [9] Gallagher et al.(2011); [10] Morris et al.(2011); [11] Gibson et al.(2011); [12] Castro-Dı́ez et al.(2011); [13] Rodrı́guez-

Echeverrı́a et al. (2011); [14] Veldtman et al.(2011); [15] Wingfield et al.(2011); [16] Webber et al.(2011); [17] Thompson et al.(2011); [18]

Le Maitre et al.(2011); [19] Wilson et al.(2011); [20] Moore et al.(2011); [21] Van Wilgen et al. (2011).
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introduced species rely on the availability of accurate data on

the extent to which species in a given group have been

introduced to new regions and have had sufficient time to

‘sample’ new habitats. Table 1 shows the rich data available for

exploring the reasons for the number of Australian Acacia

species at different stages of the introduction-naturalization-

invasion continuum in different parts of the world.

ARRIVING: HOMES AWAY FROM HOME

Most Australian acacias were transported to foreign environ-

ments as seeds and in some cases (e.g. in South Africa) in very

large numbers that were immediately sown into natural

ecosystems for specific purposes. Considerable care was

sometimes taken to nurture young plants to protect them

from competition from native plants and various other factors

such as herbivory. In the case of commercially important

agroforestry species, natural vegetation was cleared to remove

competing native species. Many species were intentionally very

widely disseminated by humans in new regions, rapidly

creating large seed pools at multiple foci. The many ways in

which Australian acacias were welcomed and nurtured in their

new homes and the needs that they satisfied were crucial for

determining subsequent trajectories of performance, abun-

dance and distribution, as well as their impacts on ecosystems

and the extent to which they were welcomed or detested by

human societies.

Australia has a wide range of environments and bioclimatic

zones. Figure 2 shows that roughly a third of the earth’s land

area has bioclimatic conditions similar to those that exist

within the native ranges of Australian acacias. This is the

template upon which most introductions have taken place.

Among regions that have received imports of Australian

acacias, perhaps none is more suitable in terms of broad-scale

bioclimatic conditions than South Africa. All of South Africa’s

seven biomes have equivalent bioclimatic zones in Australia,

and Australia has more than four times the land area with

South Africa-like climate than exists in South Africa (Rich-

ardson & Thuiller, 2007). Broad-scale climatic matching is

widely recognized as a fundamental requirement for the

success of introduced plants. It is thus not surprising that all

regions where Australian acacias are listed as invasive (Rich-

ardson & Rejmánek, 2011) were identified as being bioclimat-

ically equivalent to areas within the range of a large number of

Australia acacias (Fig. 2). No other region has more invasive

Australian acacias than South Africa (Richardson & Rejmánek,

2011).

How invasive species interact with native biota is an

important focus area in invasion biology. Among the key

questions are: how does competition with native species

influence community structure; and how do introduced species

infiltrate seed dispersal and pollination networks and food

webs? For legumes that form associations with nitrogen-fixing

bacteria, a crucial issue is whether introduced species can form

novel associations with native bacteria or whether they rely on

compatible symbionts from the native range (Richardson et al.,

2000a). Despite the wealth of literature available on native–

invasive interactions, surprisingly little is known about these

aboveground–belowground interactions that are clearly vital

mediators of the fate of introduced species (Bardgett & Wardle,

2010). Only very recently have researchers started to explore

whether successful establishment depends on the degree of

promiscuity; in other words, whether the ability to form

associations with a wide range of bacteria is associated with

wider environmental tolerance. Even a decade ago, almost

nothing was known about these issues for introduced acacias

(Richardson et al., 2000a). Much work has been performed in

recent years (Rodrı́guez-Echeverrı́a, 2010), but many questions

remain to be answered before a predictive understanding of this

aspect of the biology of Australian acacias, and legumes in

general, can be incorporated into models for predicting how

different species will fare in different foreign environments

(Rodrı́guez-Echeverrı́a et al., 2011).

THE CYCLE OF LIFE: REPRODUCTION AND

DISPERSAL

Traits related to reproduction and dispersal are crucial for

naturalization and invasion of species in new environments.

Substantial advances have been made recently in understand-

ing the links between particular traits and invasiveness of

plants. Three main approaches have been followed in exam-

ining this issue: alien–alien congeneric comparisons, alien–

native congeneric comparisons and multispecies studies. Each

approach has its advantages (Pyšek & Richardson, 2007), but

detailed studies of congeners are probably the most powerful

approach (Richardson, 2006). Although the large number of

taxa of Australian acacias is attractive for such studies, a major

hurdle in this group is the shortage of data on many species,

especially those that have not been widely introduced around

the world and/or that are not of special importance to humans.

Despite this problem, important opportunities exist to contrast

levels of success as introduced species with different traits. This

is important, since information on traits is widely used in

screening protocols to identify species with a high risk of

becoming invasive (e.g. Tucker & Richardson, 1995).

HERE TO STAY? THE HUMAN DIMENSION OF

INTRODUCED ACACIAS

Several features of Australian acacias make them important to

humans. The foliage, seeds, wood and bark of many species

have been used by humans for centuries as fodder for livestock,

sources of famine food, medicines and fuel. The desire for

these products has lead to extensive human-assisted movement

of some species to areas far removed from their native ranges.

In particular, about a third of Australian acacias are trees, and

several species are key components of agroforestry in the

tropics (Richardson et al., 2004a,b). Their rapid growth rates,

ability to survive and flourish in nutrient-poor, arid or

degraded sites and their dense wood make them sought after

for different types of forestry in many parts of the world. Many
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species also have attractive forms, floral displays or foliage,

making them increasingly popular for ornamentation (Ratna-

yake & Joyce, 2010).

Together with the scientific importance of introduced

acacias and what they illuminate in terms of dispersal,

human-mediated introductions of Australian acacias also

contain the history and expectations of both exporters and

importers of the species. The exchanges and their effects thus

raise fresh questions for historians, philosophers and social

scientists. Their very introduction has polarized scientific

politics around the human values of acacias in their home

ranges in Australia (where they are of symbolic value) and the

places to which they have been introduced where, in some

cases, having first been celebrated they later became demon-

ized. Questions around the fundamental principles and

philosophy of invasion biology are also germane to this global

experiment. Historians have had to come to grips with the

motivations (which have not always been strictly utilitarian) of

introducing Australian acacias and with the economic benefits

that have accrued from a variety of acacia products such as

timber, fuelwood, perfume, food and animal fodder. Philos-

ophers have also been encouraged by invasion biology and the

acacia experiment to give close consideration to environmental

aesthetics and a system of ‘values’. Social scientists have
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Figure 5 Cluster analysis with Ward linkage rule of the 1012 Australian Acacia species according to their occurrence (using records from

Australia’s Virtual Herbarium) in 18 Australian agro-climatic classes (Hutchinson et al., 2005; see Fig. 1). Different subsets of species are

colour-coded: (1) those not known to have been introduced outside Australia (yellow); (2) those introduced but not known to have

naturalized (green); (3) those known to have naturalized (blue); and (4) 23 invasive species (Richardson & Rejmánek, 2011) (red). The three

maps show the combined distributions of three groups of invasive species.

Wattles: a model group for invasion science
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examined how these introductions have impacted on the

culture and daily life of the people who use acacias in these

different ways and how these relationships have changed over

time. A range of ideas and perceptions relating to ecological

restoration and the nature of science have also been uncovered

by this global experiment.

CONCLUSIONS

The Australian environment and its evolutionary history have

served as a factory for a highly diverse flora that is extremely

well adapted for survival, growth and proliferation in many

parts of the world that have, until recently, been isolated from

Australia. The evolutionary milieu, has fortuitously also

manufactured a bewildering number of plants that are, for

diverse reasons, highly sought after by humans across the

globe. These two factors, in intricate combination with

complex socio-political and cultural histories, have designed

the natural experiment that is the subject of this special issue of

Diversity and Distributions. As with all natural experiments in

biogeography and ecology, the design is imperfect. Among the

imperfections are the following:

1. Species have not been moved out their native ranges to the

same extent (in similar numbers and over equivalent periods)

and many have not been moved at all, creating a biased set of

species (Fig. 5), making it challenging to tease apart human

factors from biological mechanisms as mediators of invasion

success.

2. Traits associated with ecological performance and thus

potential invasiveness in new environments are intricately

linked with traits associated with usefulness of species to

humans (neither set of traits maps evenly across the phylogeny

or functional groups). This complicates attempts to separate

proximate and ultimate explanations for different degrees of

naturalization/invasion of introduced species, since propagule

pressure may override and mask other contributing factors.

3. Accurate data on most traits is available for only a small

sample of species in the group – for the most part only for

those species that are most useful to humans (and a few taxa of

special interest in their native range). This complicates

attempts to correlate performance as introduced species with

traits across the full spectrum of species.

Despite these caveats, the studies collected in this special

issue demonstrate many innovative approaches for gaining

important new insights into the many factors that influence:

how and why Australian acacias have succeeded in expanding

their range so dramatically in recent centuries; how their

presence, distribution, abundance and interactions with resi-

dent biota and ecosystems are perceived by humans in a broad

spectrum of social settings; and the options open for different

forms of management in the face of complex human value

systems and a rapidly changing environment (Low, 2011).

Although Australian acacias are already dominant compo-

nents of many ecosystems outside Australia, scholarly

reflection and scientific investigation of the natural experiment

have only just begun. Pathways of transfer and dissemination

are changing continuously, as are the habitats and socio-

political environments into which the species are being

introduced. So too are the societies in which these species

grow. Are some Australian acacias ‘super species’ (sensu

Hamilton, 2010) that will increasingly dominate large parts of

the planet? If so, how can we manage these species to maximize

their potential usefulness while mitigating the damage that

they cause to ecosystems in some regions and under certain

situations? It is hoped that this special issue will serve as a

catalyst for further studies that will provide the foundation

needed to guide the objective management of Australian

acacias in all the many environments where they now occur.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online

version of this article:

Appendix S1 A database of different lists of Australian Acacia

species used to identify the introduction status of each species

(as per Fig. 4; with some of the sources summarised in

Table 1).

As a service to our authors and readers, this journal provides

supporting information supplied by the authors. Such mate-

rials are peer-reviewed and may be re-organized for online

delivery, but are not copy-edited or typeset. Technical support

issues arising from supporting information (other than missing

files) should be addressed to the authors.
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APPENDIX 1 ACACIA THEN AND NOW – A BRIEF

HISTORY OF THE TAXONOMY OF THE GROUP

The genus Acacia was originally described by P. Miller in 1754

from an African species (Acacia senegal), and early definitions

included many species of Mimosoideae legumes that are no

longer part of Acacia sensu lato (Miller, 1754; Willdenow, 1806;

de Candolle, 1825). In a series of works in the mid-19th century,

Bentham (1875) circumscribed Mimosoideae tribes and within

it Acacia, diagnosed by having infinite free stamens, into the

broad forms we know today. However, based on current

knowledge of the group, there are no defining morphological

characters that differentiate Acacia sensu lato from other genera

of the Tribes Mimoseae and Ingeae (Maslin et al., 2003). Pedley

(1986), generally following Vassal’s (1972) subgeneric classifi-

cation, proposed that the genus be dived into three genera:

Acacia, Senegalia and Racosperma. This work initiated investi-

gations into Acacia to determine whether indeed Acacia sensu

lato was polyphyletic and what characters differentiated the

putative segregate genera. A detailed overview of the generic

history of Acacia is provided by Maslin et al.(2003).

The first molecular studies focussed on either the African or

the American species but did not sample enough to determine

broader relationships (Clarke et al., 2000; Robinson & Harris,

2000). The first studies using DNA sequences that sampled

more widely (Miller & Bayer, 2000, 2001) determined that the

genus was polyphyletic, containing three distinct lineages

broadly conforming to the Vassal (1972) and Pedley (1986)

taxonomy. This was confirmed by larger studies of the

Mimosoideae (Luckow et al., 2003) and Ingeae (Brown et al.,

2008). A review of the molecular systematics of Acacia sensu

lato is provided by Miller et al.(2011). This work showed that

Acacia subgenus Acacia is embedded within Tribe Mimoseae

and that the mainly Australian acacias of Acacia subgenus

Phyllodineae are more closely related to a paraphyletic tribe

Ingeae than to other species in Acacia sensu lato. Amid

controversy (McNeill & Turland, 2010a, 2010b; Moore et al.,

2010), the type of the genus was changed from the African

Acacia nilotica to the Australian species Acacia penninervis at

the International Botanical Congress in 2005.

Acacia s.l. has three main centres of diversity. Both the

Americas and Africa are home to Acacia subgenus Acacia

(Vachellia) and Acacia subgenus Aculeiferum (Senegalia) while

the large radiation of Acacia subgenus Phyllodineae is mainly

found in Australia. Indeed, �99% of Australian Acacia species

belong to Acacia subgenus Phyllodineae (Table 1), and simi-

larly, c. 99% of Acacia subgenus Phyllodineae are native to

Australia. While Acacia sensu lato can be found in many

environments it comprises a major component of arid and

semi-arid zones in Australia, Africa and the Americas. With

one exception, all Acacia species not assigned to Acacia

subgenus Phyllodineae have bipinnate leaves. These species,

including over 95% of the Australian species, have modified

petioles called phyllodes. Other characters that are common

but not found in all Australian Acacia species include

extraporate pollen with a reticulate exine, inflorescences that

are either simple or racemose with flowers arranged in globular

heads or cylindrical spikes. Most often the inflorescences are

golden yellow or creamish white.

Pedley (1978) developed a sectional classification of Acacia

subgenus Phyllodineae that included seven groups based

mainly on leaf and inflorescence characters. While the sections

have not been considered natural groupings, they provided a

convenient method of describing the vast diversity of the

group. Two small groups contained only bipinnate species:

Pulchellae from SW Western Australia and the Botrycephalae

from SE Australia. Two other small non-phyllodinous groups,

sections Lycopodiifoliae and Alatae, are found in Western and

northern Australia. There are two main types of phyllodes

those that contain a single main nerve (section Phyllodineae)

and those with multiple nerves (section Plurinerves which has

globose inflorescences and section Juliflorae with spicate
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inflorescences). Together, these three sections comprise c. 90%

of the species. Molecular systematic work is beginning to

develop the basis for a phylogenetic-based classification of the

genus (Murphy et al., 2010; Miller et al., 2011). While few if

any of these taxonomic sections are monophyletic in molecular

analyses, the phylogenetic patterns will help unravel character

evolution of important reproductive traits (Gibson et al.,2011)

and traits that may allow a high level of invasiveness (Gallagher

et al., 2011).

The latest phylogenetic tree of Acacia identifies areas that

require further taxonomic and genetic work based on poor

resolution of relationships. The least resolved part of the tree

contains the bipinnate and uninerved racemose species which

are generally found in SE Australia (Fig. 3 in Miller et al.,

2011). This clade, which contains nine invasive species, is well

supported but there is little resolution within it. Hybridization,

lineage sorting and lack of taxonomic effort are probable

reasons for this result, and it will require detailed genetic and

taxonomic research to resolve.

APPENDIX 2 METHODS USED TO MAP

POTENTIAL DISTRIBUTIONS OF AUSTRALIAN

ACACIAS OUTSIDE AUSTRALIA

We used six interpolated bioclimatic variables (10 min spatial

resolution) obtained from WorldClim (http://www.worldclim.

com; Hijmans et al., 2005) as predictor variables for develop-

ing simple climate envelope models for each species. These

variables included the following: maximum temperature of

warmest month, minimum temperature of coldest month,

precipitation of wettest quarter, precipitation of driest quarter,

precipitation of warmest quarter and precipitation of coldest

quarter.

We obtained a dataset of occurrence records for 1012

Australian acacias from Australia’s Virtual Herbarium. To

reduce spatial sampling bias, we retained only one

occurrence record per 10 min grid cell for each species.

We then excluded all species for which there were fewer

than five independent records, leaving a total of 838

species for which potential distribution models could be

developed.

For each species, we calculated the 1st and 99th percentile for

values extracted from occurrence records for each predictor

variable. These percentiles were used to identify the range of

values that each species could tolerate for each predictor variable.

We used this approach to minimize the effect of possible outliers

that could have been present in the dataset because of misiden-

tification errors. For each species, we reclassified each of the six

predictor variable maps into a map consisting of presence

(value = 1) or absence (value = 0), using the percentile values

calculated for that species. We then multiplied these presence-

absence maps to generate a final map indicating the potential

distribution of that species. We added the potential distribution

maps for all 838 species to generate a map of potential species

richness. The analysis was conducted using R statistical software

(v. 2.11, R Development Core Team, 2010).
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