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Abstract: The uniqueness of the current, global mass invasion by nonindigenous species has been challenged
recently by researchers who argue that modern rates and consequences of nonindigenous species establishment
are comparable to episodes in the geological past. Although there is a fossil record of species invasions occurring
in waves after geographic barriers had been lifted, such episodic events differ markedly from human-assisted
invasions in spatial and temporal scales and in the number and diversity of organisms involved in long-
distance dispersal. Today, every region of the planet is simultaneously affected and modern rates of invasion
are several orders of magnitude higher than prehistoric rates. In terms of its rate and geographical extent, its
potential for synergistic disruption and the scope of its evolutionary consequences, the current mass invasion
event is without precedent and should be regarded as a unique form of global change. Prehistoric examples
of biotic interchanges are nonetheless instructive and can increase our understanding of species-area effects,
evolutionary effects, biotic resistance to invasion, and the impacts of novel functional groups introduced
to naı̈ve biotas. Nevertheless, they provide only limited insight into the synergistic effects of invasions and
other environmental stressors, the effect of frequent introductions of large numbers of propagules, and global
homogenization, all of which characterize the current mass invasion event.
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¿Las Invasiones Biológicas Modernas son una Forma de Cambio Global sin Precedente?

Resumen: La unicidad de la actual invasión masiva global de especies no nativas ha sido cuestionada
recientemente por investigadores que argumentan que las tasas y consecuencias modernas del establecimiento
de especies no nativas son comparables con episodios del pasado geológico. Aunque existe un registro fósil de
invasiones de especies que ocurrieron en oleadas después de la remoción de barreras geográficas, tales eventos
episódicos difieren marcadamente de las invasiones asistidas por humanos en escalas temporales y espaciales
y en el número y diversidad de organismos involucrados en la dispersión a larga distancia. Actualmente,
cada región del planeta es afectada simultáneamente y las tasas de invasión modernas son varios órdenes de
magnitud más altos que las tasas prehistóricas. En términos de su tasa y extensión geográfica, su potencial
de disrupción sinérgica y el alcance de sus consecuencias evolutivas, el evento de invasión masiva actual
no tiene precedente y debeŕıa ser considerado como una forma única de cambio global. No obstante, los
ejemplos prehistóricos de intercambios bióticos son instructivos y pueden incrementar nuestro entendimiento
de efectos especies-área y evolutivos, resistencia a la invasión y de los impactos de grupos funcionales nuevos
introducidos en biotas nativas. Sin embargo, solo proporcionan una visión limitada de los efectos sinérgicos
de las invasiones y otros factores ambientales estresantes, del efecto de introducciones frecuentes de grandes
números de propágalos y de la homogenización global, que en conjunto caracterizan el actual evento de
invasión masiva.
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Introduction

Are modern biological invasions an unprecedented form
of global change, or are they similar in frequency, mag-
nitude, and impact to those that occurred in the distant
past? This question is relevant for at least two reasons.
First, if human-assisted invasions are comparable to pre-
historic invasions, the latter can be used to make useful
predictions about the current mass invasion event (Ver-
meij 2005). Second, it may indicate that invasions are a
far more natural phenomenon than is presently believed.
Indeed, species dispersal has pervaded the history of life,
and it has been asserted that terms such as “non-native”
or “invasive” are arbitrary because all species have spread
into new territory at some point in their evolutionary his-
tory (Sax et al. 2005). Furthermore, it has been argued that
the magnitude and impacts of recent invasions are simi-
lar to those in the fossil record; thus, the role of humans
in the current mass invasion event and concern over its
consequences have been overstated (Brown & Sax 2004,
2005; Vermeij 2005).

Natural invasions (i.e., those occurring without direct
human influence) are rarely recorded, but are proba-
bly not uncommon. Documented examples involve ani-
mals undergoing active dispersal by flying (Long 1981) or
swimming through connected waterways (McCulloch &
Stewart 1998), and undergoing passive dispersal by raft-
ing (Censky et al. 1998) or hitch-hiking on other biota
(Green et al. 2005). Natural range expansions might be
accelerating in response to global warming (Thomas &
Lennon 1999; Perry et al. 2005), as they certainly have
done in the past. The fossil record reveals episodes of
virtually simultaneous mass dispersal of many species be-
tween two adjacent regions that have been isolated from
each other for millions of years. Several of these biotic
interchanges occurred during the last 25 million years
and involved continental and benthic marine biotas (Ver-
meij 1991a, 1991b). Such events occurred in response
to climate change and the removal of geographic barriers
by geological forces (e.g., the formation of a land bridge
or the opening of an ocean passage). The best studied
of these is the Great American Interchange, in which
the spread of species between North and South America
was facilitated by the emergence of the Panama isthmus
about 3 million years ago. This event had substantial con-
sequences for the subsequent evolution of the respective
mammalian assemblages on both continents: 10% of the
North American mammalian genera and over 50% of the
South American genera are derived from immigrants in
the interchange (Webb 1991). It is also thought to have
triggered the disappearance of several South American
mammals (Webb 1991)— in contrast to most other biotic
interchanges, which have left little evidence of extinc-
tions in the fossil record and that appear to have enriched
regional biotas (Vermeij 1991b).

In sum, prehistoric biotic interchanges occurred
throughout the fossil record and their impacts on bio-
diversity may have been substantial in the short term but
largely reversed in the long term. It has been asserted
that they are fundamentally similar to human-assisted in-
vasions observed today (Vermeij 2005). Here, I use ex-
amples of recent natural invasions and prehistoric biotic
interchanges to examine whether the patterns, processes,
and impacts of human-assisted invasions are unprece-
dented in Earth’s history.

Differences in Magnitude, Spatial Scale,
and Propagule Size

Human-assisted invasions may differ from natural or pre-
historic invasions in several ways (Burney 1996; MacIsaac
et al. 2001; Cassey et al. 2005; Vermeij 2005) (Table 1).
First, it is likely that the geographic extent of modern in-
vasion and the proportion of nonindigenous species in
different biotas are unprecedented. Unlike prehistoric bi-
otic interchanges, the current mass invasion is affecting all
continents simultaneously. Not a single ocean or landmass
is unaffected, including remote and inhospitable regions
such as Antarctica, its surrounding islands, and the South-
ern Ocean (Clarke et al. 2005). Mack (1997) concludes
that at least 3% of the planet’s ice-free land surface area
is dominated by nonindigenous plants—not including
the immense area under agricultural cultivation. Primar-
ily as a result of human-assisted introductions within the
last 500 years, nonindigenous vascular plants comprise
significant proportions of flora on continental regions
(median = 10%) and islands (median = 24%). The same is
true for nonindigenous fishes (median = 13% for con-
tinental regions, 76% for islands) and, to a lesser ex-
tent, birds (median = 3% for continental regions, 21%
for islands) (Vitousek et al. 1997). Prehistoric biotic in-
terchanges also resulted in increased homogenization of
regional faunas, particularly marine faunas, in which the
invaders often accounted for substantial proportions of
molluscan lineages (Vermeij 1991b). But such events usu-
ally involved only a pair of neighboring regions and oc-
curred over time intervals of hundreds of thousands to
millions of years, which is in stark contrast to the rapid,
global homogenization occurring today.

The composition of modern species assemblages
strongly reflects idiosyncratic human influence; for ex-
ample, tropical African grasses dominate large tracts of
Central and South America as a result of deliberate in-
troductions by Spanish and Portuguese settlers (Mack
& Lonsdale 2001). Several European mammals and birds
were introduced to Australia and New Zealand, mostly at
the whim of private landowners and acclimatization so-
cieties (Long 1981, 2003; Low 2002). As a consequence
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Table 1. Differences between prehistoric and human-assisted invasions.

Characteristic Prehistoric invasions Human-assisted invasions

Frequency of long-distance dispersal
events

very low very high

Number of species transported per
event

low, except during biotic interchange events high

Propagule load per event small, except during biotic interchange events potentially large
Effect of geographic barriers strong nearly insignificant
Variation in mechanisms and routes

of dispersal
low extremely large

Temporal and spatial scales of mass episodic; limited to adjacent continuous; affects all regions
invasion events regions simultaneously

Homogenization effect regional global
Potential for synergistic interactions

with other stressors
low very high

of ballast-water discharge from transoceanic ships, the
North American Great Lakes have been invaded recently
by numerous species from the Black and Caspian seas
(Ricciardi & MacIsaac 2000; Ricciardi 2006). Over 25% of
the nonindigenous biota in the Baltic Sea is composed of
species native to the Pacific and Indian Oceans, largely
because of intentional stocking (Leppäkoski & Olenin
2000). It seems unlikely that such profoundly mixed as-
semblages drawn from remote regions of the planet could
have been similarly produced by plate tectonics or any
other natural process. Natural processes probably would
not have allowed Pacific salmon to establish in the Baltic
Sea and certainly would not have transported European
mammals to Australia and New Zealand.

Modern invasions also entail an enormous frequency
of long-distance migrants. Human vectors commonly
involve saltatory transport of organisms between con-
tinents or across large water bodies, whereas natural
and prehistoric invasions are more likely to involve
short-distance dispersal. Natural long-distance dispersal
events obviously were sufficient to populate oceanic is-
lands in the past, but are likely orders of magnitude
less frequent than human-assisted, long-distance disper-
sal events. Long-distance dispersal of seeds, spores, and
invertebrates by wind and ocean currents (e.g., Scheltema
& Williams 1983; Griffin et al. 2002; Munoz et al. 2004)
is at the mercy of the vagaries of weather patterns and
ocean circulation, but no such constraints apply to hu-
man vectors. Some plants produce fruit with seeds that
survive passage through the digestive tract of mammals
and birds, but the distance over which viable seeds are
transported by migratory birds is unlikely to exceed a few
hundred kilometers (Clausen et al. 2002). Similarly, cer-
tain invertebrates possess traits (e.g., resting eggs) that
allow them to exploit bird-mediated transport, which ap-
pears to occur frequently over short distances (Figuerola
& Green 2002; Green & Figuerola 2005) and may even
affect the continental distributions of some invertebrate
species (Reid & Reed 1994; Figuerola et al. 2005). How-
ever, most propagules would be discharged long before a
long-distance flight is completed (Clausen et al. 2002).

An often-cited example of a natural long-distance inva-
sion is the colonization of South America by the Cattle
Egret (Bubuculus ibis) from Africa, but such coloniza-
tion events are rare, even though natural dispersal across
the Atlantic Ocean and other large water bodies by va-
grant birds has been documented frequently. By contrast,
hundreds of birds have been introduced successfully by
humans into remote regions over the past two centuries
(Long 1981). Within the last 150 years a dozen species
of British passerine birds became established in New
Zealand, well beyond their natural colonization abilities
(Cassey et al. 2005). Similarly, during the past millennium
numerous nonvolant terrestrial mammals have been in-
troduced onto islands throughout the world that have
not been colonized naturally by such species in tens of
millions of years (Long 2003).

Native plant distributions in some parts of the globe
might be partly explained by wind dispersal (Munoz et
al. 2004). Few plant genera, however, are cosmopoli-
tan, reflecting the insufficiency of natural agents to
achieve global distributions (Mack & Lonsdale 2001). Fur-
thermore, natural dispersal events typically involve very
small numbers of propagules (Figuerola & Green 2002)
and therefore should result in lower rates of establish-
ment than human-assisted dispersal because small intro-
duced populations are highly vulnerable to demographic
stochasticity and density-dependent effects (Lockwood
et al. 2005).

By contrast, human vectors such as transoceanic ships
carry an enormous number of propagules (e.g., up to 108

invertebrates/ship entering the Great Lakes; Duggan et al.
2005) and are estimated to be transporting >7000 species
around the planet on any given day (Carlton 1999). In ad-
dition, the movement of diverse communities of fouling
organisms on ship hulls has led to the virtual global spread
of dozens (potentially hundreds) of invertebrate species
in only a few centuries. Most of the coastal species that
have been moved on ship hulls have never been found on
natural debris drifting on the high seas or associated with
any other natural mechanism capable of global transport
(Carlton 1999). Modern transoceanic shipping moves
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several billion tons of ballast water per year (IMO 2004)
and has the potential to transfer entire assemblages of
aquatic organisms; it has no natural analogue. Unlike
mechanisms of natural dispersal, human-assisted disper-
sal is far less dependent on time or distance; rather, it is
determined almost entirely by the probability of propag-
ule uptake and transport by human vectors. Thus, it per-
mits a high probability of long-distance invasion events
over short time intervals (MacIsaac et al. 2001).

So great is the influence of human vectors that it can ob-
scure natural processes. Communities that can resist inva-
sion by small numbers of naturally dispersing propagules
are overwhelmed by the large propagule pressure (intro-
duction effort) that typifies human vectors (Von Holle &
Simberloff 2005). Whereas the asymmetry of biotic inter-
changes in prehistoric times is attributed to the diversity
and competitiveness of the respective donor pools (Ver-
meij 1991b), modern biotic interchanges are governed
primarily by economic activities and trade routes (Levine
& D’Antonio 2003; Taylor & Irwin 2004). Processes of
natural selection are altered or subsumed by the delib-
erate transplantations and cultivation of plants and an-
imals (including transgenic organisms) for commercial
and aesthetic purposes (Mack 2000; Mack & Lonsdale
2001; Naylor et al. 2001). Substantial proportions, and
sometimes the majority, of nonindigenous plant invasions
in various regions worldwide were the result of deliber-
ate introductions (Mack 2000). Similarly, transplantations
of oysters from the Pacific Ocean and salmonid fishes
from North America and Europe have led to the world-
wide occurrence of aquatic species (including the para-
sites and pathogens often associated with intensely cul-
tured stocks) that would not have had the opportunity
to achieve global distributions through natural processes
alone (Naylor et al. 2001; Ruesink et al. 2005). Hence, the
most important factor limiting the large-scale distribution
of a plant or animal is whether it possesses a trait deemed
valuable by humans for domestication (Mack & Lonsdale
2001; Reichard & White 2001; Ruesink et al. 2005) or, for
a species that is not introduced deliberately, whether its
traits allow it to be transported by human vectors oper-
ating on a global scale (Carlton 1999; Suarez et al. 2001;
Ricciardi 2006).

Modern versus Prehistoric Rates of Invasion

One can consider two kinds of invasion rates: the spread-
ing rate of an organism after it has become established in
a region and the rate of invasion of a given region. There
exist little taxon-specific data on the post-establishment
spread of prehistoric invaders. The pollen record from the
late Pleistocene suggests that plants spread several hun-
dreds of meters per year in response to climate change
(Roy & Kauffman 2001). These rates are inferior to those

of modern terrestrial plant invaders, which are on the
order of kilometers per year (Mack & Lonsdale 2001;
Williamson et al. 2005); however, because the pollen data
may reflect a slow advance in response to climate change,
it might be inappropriate to compare them with invasions
by modern plants moving between climatically favorable
regions (D. F. Sax, personal communication). Indeed, it
has been asserted (Brown & Sax 2005; Vermeij 2005) that
there is no theoretical reason why a species introduced to
a region prehistorically should spread across that region
at a different rate than do modern invaders. But this asser-
tion too easily dismisses the potential role of humans in
facilitating the spread of introduced organisms through
disturbance and landscape alteration (Byers 2002; Mar-
vier et al. 2004; Havel et al. 2005) and in supplementing
invading populations with additional genotypes through
multiple introductions (e.g., Durka et al. 2005).

Nevertheless, a comparison of post-establishment rates
of spread ignores differences in the frequency of disper-
sal events that introduce species to new geographic re-
gions in the first place. A comparison of modern and
prehistoric rates of invasion for different geographic re-
gions indicates that modern rates are unprecedented
(Table 2). Modern rates are several orders of magni-
tude higher than prehistoric rates derived from the fossil
record. For example, over the past 2 million years, 11
marine gastropod species from the Line Islands in the
Central Pacific invaded the Pacific coast of North Amer-
ica and a similar number of coral species from the same
region invaded the Neotropical region—both events oc-
curring at the rate of 0.000006 established species per
year, or 6 species/million years (Vermeij 1991b). The
trans-Arctic exchange of marine molluscs following the
opening of the Bering Strait 3.5 million years ago oc-
curred at the rate of 50 species per million years (Ver-
meij 1991a). Similarly, the invasion rate for Hawaiian Is-
lands was 30 species/million years (0.00003/year) prior
to human settlement. Yet, this rate increased to 20,000
species per million years (0.02/year) after the arrival of
the Polynesians and continued to rise during the past two
centuries to approximately 20/year, which is nearly one
million times higher than the prehistoric rate for Hawaii
before human influence (Loope et al. 1988). During the
Great American Interchange, 37 genera of mammals dis-
persed overland between North and South America and
became established outside their native range during a
period of 1.25 million years (Webb 1991). At least three
genera have been exchanged between both continents
within the past century (Long 2003), a rate 10,000 times
faster than occurred during the prehistoric exchange.
An even greater contrast is provided by the history of
mammalian introductions to New Zealand: 11 species
colonized the islands during the Cenozoic Era (probably
starting in the Oligocene period), whereas 35 introduced
species became established within the last 1000 years
(King 1990). Thus, the natural rate of invasion is 0.33
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Table 2. Rates of species invasion (numbers of established species per year) for various regions.a

Modern rates

Region Prehistoric rate long term recent Referenceb

Terrestrial regions
Galapagos Islands 0.0001 1 10 1, 2
Gough Island 0.00001 0.22 – 3
Hawaiian Islands 0.00003 20 – 4
Australia 0.002 13 – 5

Freshwater & marine regions
Laurentian Great Lakes

fishes 0.017 0.3 0.2 6
molluscs 0.011 0.09 0.17 7, 8
all biota – 1.1 1.8 7

Caspian Sea
invertebrates 0.0002 0.36 0.33 10

Black Sea
invertebrates 0.0002 0.3 0.4 11

San Francisco Bay 0.05 1.7 3.7 12
Port Phillip Bay 0.08 1.25 2.6 13
Baltic Sea 0.09 0.3 0.7 14
Mediterranean Sea

flora – 0.18 1.28 15
Northeastern Atlantic

flora – 0.19 0.44 15

aPrehistoric rates are before human settlement and were estimated from the fossil record or by calculating numbers of native species (excluding
endemics) that have become established in the region over time. Long-term modern rates are averaged over the past 150–300 years, and recent
modern rates are averaged over the past 30–40 years.
bReferences: 1, Mauchamp 1997; 2, Porter 1983; 3, Gaston et al. 2003; 4, Loope et al. 1988; 5, Low 2002; 6, Mandrak 1989; 7, Ricciardi 2006; 8,
Clarke 1981; 9, Vermeij 1991b; 10, Grigorovich et al. 2003; 11, Grigorovich et al. 2002; 12, Cohen & Carlton 1998; 13, Hewitt et al. 1999; 14,
Leppäkoski et al. 2002; 15, Ribera & Boudouresque 1995.

species/million years, whereas the human-assisted rate is
35,000 species/million years.

A quantitative comparison of modern and prehistoric
invasion rates is not without caveats (Roy & Kauffman
2001). Vermeij (2005) argues that calculations of long-
term invasion rates based on numbers of species recorded
over a given time interval are misleading because oppor-
tunities vary with changes in geographic barriers and be-
cause such estimates are sensitive to the interval chosen.
Prehistoric rates averaged over lengthy time periods may
underestimate peak rates of establishment because the
removal of a geographic barrier, the formation of a water
body, or the creation of a landmass might be followed
by a pulse of invasions, the rate of which eventually di-
minishes due to a limited pool of potential colonists. By
contrast, geographic barriers are virtually nonexistent to
human vectors, and modern rates are sustained by hu-
man activities that have created myriad vectors operating
simultaneously to access a virtually infinite donor pool.

Genetic divergence may also be used to estimate the
natural incidence of biotic interchange, and such esti-
mates are consistent with those derived exclusively from
measured time intervals. The prehistoric invasion rate for
invertebrates and fishes dispersing from the Western to
the Eastern Pacific coastal regions is estimated to be 50
species/million years (0.00005/year), based on the num-

ber of species occurring on both coasts and the length
of time for species to evolve into morphologically dis-
tinct forms (A.N. Cohen, memo to California Advisory
panel on Ballast Water Performance Standards, 7 August
2005). This estimate is quite similar to that recorded for
Hawaii prior to human settlement (Table 2). Sequence
divergence of mitochondrial DNA reveals that the mod-
ern rate of invasion by European freshwater cladoceran
crustaceans in North America is 50,000 times higher
than the prehistoric rate (Hebert & Cristescu 2002). And
a study combining molecular and paleontological data
found that the modern rate of invasion by invertebrates
in the Caspian Sea is three orders of magnitude higher
than the natural rate occurring over the preceding 2 mil-
lion years (Grigorovich et al. 2003). Thus, several lines of
evidence suggest that modern rates of invasion are enor-
mous compared with prehistoric rates, including rates of
biotic interchange.

Impacts of Modern versus Prehistoric Invasions

The magnitude and breadth of impacts of modern in-
vasions might also be greater than in prehistoric times.
One major difference is that modern invasions have
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opportunities for synergistic interactions with diverse
environmental stressors. Synergies with climate change
must have occurred in the past, but those that involve
interactions with nitrogen pollution and landscape alter-
ation, among a host of other large-scale anthropogenic
disturbances, are certainly without precedent. Nitrogen
fertilization has increased the invasibility of some terres-
trial systems (Dukes & Mooney 1999). Human alteration
of disturbance regimes through land clearing has initiated
a grass-fire feedback system that prevents forest regen-
eration and promotes the dominance of exotic grasses
over continental areas (Vitousek et al. 1997). River im-
poundment and fragmentation suppress natural flood dis-
turbance regimes and thereby facilitate invasions of wa-
tersheds by nonindigenous fishes, invertebrates, and veg-
etation (Havel et al. 2005). Habitat fragmentation, with its
concomitant loss of refugia, has also rendered native fau-
nas more vulnerable to extinction through antagonistic
interactions with invaders (Suarez et al. 1998). Eutroph-
ication and the selective removal of top predators are
additional examples of the rapid alteration of selection
regimes that place native species at a disadvantage in com-
petitive interactions with nonindigenous species (Byers
2002).

Furthermore, invasions operating over larger spatial
scales are more likely to bring introduced species into
contact with communities containing no analogous or-
ganisms, where they may cause precipitous declines in
native species populations (Short et al. 2002; Blackburn
et al. 2004; Ricciardi & Atkinson 2004). Novel life forms
were encountered by ecologically näıve biotas during
prehistoric biotic interchanges, and those encounters
have, at times, provoked species loss (Vermeij 1991b).
But such events are far more frequent in modern times,
particularly on islands. Some recent examples involve
the brown tree snake (Boiga irregularis) introduced to
Guam, the rosy wolf snail (Euglandina rosea) in the
south Pacific, chestnut blight fungus (Cryphonectria par-
asitica) in North America, and the fungus (Aphanomyces
astaci) that causes crayfish plague in Europe (Vitousek et
al. 1997; Mack et al. 2000). Human-assisted introductions
of mammalian predators to oceanic islands have caused
numerous extinctions of endemic birds around the world
(Long 2003; Blackburn et al. 2004).

The global scale of activities of human vectors has
also promoted the rapid evolution and spread of new
pathogens through hybridization and the recombination
of introduced protists and fungi with related resident
organisms (Brasier 2001; Slippers et al. 2005). Conse-
quently, human-assisted invasions are a leading driver of
modern extinctions and biotic homogenization (Olden
et al. 2004; Clavero & Garcia-Berthou 2005). By con-
trast, invasion-related extinctions have rarely been docu-
mented for prehistoric biotic interchange, apart from the
Great American Interchange (Vermeij 1991b). Homoge-
nization following these episodes added to an overall ge-

ographic pattern of decreasing similarity between biotas
with increasing distance, whereas modern invasions tend
to homogenize biotas that occur in similar abiotic envi-
ronments remotely distributed across the world (Burney
1996; Olden et al. 2004).

Given the disproportionate number of species that are
carried long distances by human vectors versus those
that are carried by wind and water currents, biota trans-
ported by human vectors might be more likely than nat-
urally transported biota to include species that can cause
strong ecological impacts. For example, none of the plant
species that spread commonly by natural long-distance
dispersal are considered weedy or detrimental to their
new environments (Mack & Lonsdale 2001). Human vec-
tors have also created unprecedented opportunities for
synergistic interactions among introduced species. An in-
troduced species can promote the establishment, popu-
lation growth, and impact of other invaders through mu-
tualistic and commensalistic interactions, with cascading
repercussions to the food web (Simberloff & Von Holle
1999; Richardson et al. 2000; Ricciardi 2001). Thus, it
is hypothesized that increasing numbers of introduced
species can create positive feedback cycles that cause in-
vaders and their effects to rapidly accumulate over time—
a phenomenon termed invasional meltdown (Simberloff
& Von Holle 1999). Nonlinear accumulations of invaders
that have been recorded in most systems for which long-
term data are available (Ricciardi 2001, 2006) are consis-
tent with the hypothesis, although not conclusive, owing
to potential statistical biases (Costello & Solow 2003). If
invasional meltdown is a threshold effect of propagule
pressure, then one would expect this phenomenon to
occur more frequently in a world dominated by human
vectors.

Conclusions

Although species invasions have pervaded the history of
life and have periodically occurred in waves after ge-
ographic barriers have been lifted, such events differ
markedly from human-assisted invasions in spatial and
temporal scales and in the diversity of organisms involved
in long-distance dispersal. These were episodic phenom-
ena involving only neighboring regions and small frac-
tions of the species in either donor pool. By contrast, the
current human-driven mass invasion event is global in
scale and likely to be continuous through the remainder
of human history. Arguably, the role of humans as both
dispersers and cultivators of nonindigenous species has
been profound enough to surpass natural forces of selec-
tion and dispersal. Human interventions, both deliberate
and unintentional, often overcome the natural stochastic
forces and biotic resistance of recipient biotas that would
otherwise repel or remove introduced propagules. Hu-
man vectors also create species combinations that would
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never have arisen through natural processes and that ex-
pose biotas to novel evolutionary pressures (Strauss et
al. 2006). In terms of its rate and geographical extent,
its potential for synergistic disruption and the scope of
its evolutionary consequences, the current mass invasion
event is without precedent and should be regarded as
a unique form of global change. Prehistoric examples
of biotic interchanges are instructive and can increase
our understanding of species-area effects, evolutionary
effects, community characteristics conferring resistance
to invasion, and the impacts of novel functional groups
introduced to näıve biotas (Vermeij 1991b; Roy & Kauff-
man 2001). Nevertheless, they provide only limited in-
sight into the synergistic effects of invasions and other
environmental stressors, the effect of frequent introduc-
tions of large numbers of propagules, and the effect of
global homogenization, all of which characterize the cur-
rent mass invasion event.
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