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One of the greatest ongoing ecological changes of the Anthropocene is the rearrangement of the earth’s
biogeography, as people deliberately or inadvertently move species around. We have been doing this for a long
time – the Lapita people from southeast Asia brought various plants and animals (including the Pacific rat)
to many islands in the Pacific beginning about 3,000 years ago. However, the number of species introduced
to new regions has massively increased in the last few decades as the forces that transport them have grown.
From 1970 to 2010, the amount of cargo shipped by sea tripled, and it is on course to double once again by
2030. Amount of air cargo is growing even more rapidly, and passenger air travel is increasing at almost as
high a rate. We could as well call the Anthropocene the Homogeocene.
The array of impacts of introduced species is staggering. Most obvious are those of introduced predators
on native prey (e.g., rats on many island seabird populations [Pascal, 2011]) and introduced herbivores on
native island vegetation (e.g., Cronk, 1989). The spread of the Burmese python (Python molurus bivittatus)
in Florida and the subsequent drastic decline of populations of prey species ranging in size from rabbits to
bobcats (Dorcas et al., 2012) is a noteworthy recent example. Introduced species can compete with native
species and also transmit new pathogens to them. The North American gray squirrel (Sciurus carolinensis)
does both to the European red squirrel (S. vulgaris), outcompeting it for nuts and spreading the parapox
virus, to which the gray squirrel is resistant and the red squirrel is highly susceptible (Rushton et al., 2006).
The red squirrel population has declined drastically in Great Britain, and the gray squirrel is now spreading
on the continent from an initial escape from captivity in Italy (Wauters, Tosi and Gurnell, 2002). Competition can be between unrelated species – in New Zealand, the introduced wasp Vespula vulgaris outcompetes
threatened native birds for “honeydew” produced by scale insects (Beggs and Wardle, 2006). Introduced
parasites and pathogens devastate native species. Examples include avian malaria, a major threat to many
native Hawaiian birds (van Riper et al., 1986) after its introduction with Asian caged songbirds; crayfish
plague, introduced to Europe with resistant North American crayfish and currently ravaging native crayfish
(Lodge et al., 2012); and white-nose disease, a European fungus threatening several North American bat
species (Turner, Reeder and Coleman, 2011). Some native species undergo a kind of “genetic extinction” from
hybridization with related invaders. For instance, North American mallards (Anas platyrhynchos) introduced
for hunting have extensively hybridized with native Hawaiian ducks (A. wyvilliana) and New Zealand grey
ducks (A. superciliosa superciliosa)(Rhymer and Simberloff, 1996). In addition to these frequently occurring
types of impacts, particular invasions can have idiosyncratic but nonetheless devastating effects. For example,
the North American cane toad (Rhinella marina), brought to Australia in an ill-advised attempt at biological
control of introduced beetles on cane, kills threatened native predators such as quolls when they attack the
highly toxic toad (Smith and Phillips, 2006).
Invasion biologists, especially recently, have explored ways in which particular invasions affect entire ecosystems (Vitousek and Walker, 1989; Ehrenfeld, 2011; Simberloff, 2011), for instance by changing nutrient
cycles, fire or hydrological regimes, or physical structure. Such changes affect many species simultaneously. In
Florida, invasion by Australian paperbark (Melaleuca quinquenervia) leads to more frequent, hotter lightninginduced fires, to which native plants such as sawgrass (Cladium jamaicense) and muhly grass (Muhlenbergia
capillaris) are maladapted (Serbesoff-King, 2003). This invasion is thus transforming parts of the “river of grass”
into patches of paperbark-dominated forest, with consequent changes in the animal community. Introduced
plant pathogens that devastate the dominant native vegetation can dramatically modify an entire ecosystem.
The Asian chestnut blight fungus (Cryphonectria parasitica) spread through eastern North America in the
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early 20th century, removing what had been the dominant tree in many regions, and thereby extinguishing
insects host-specific on chestnut (Opler, 1978) as well as changing nutrient cycles (Ellison et al., 2005).
Just as global warming would probably continue for decades even if greenhouse gas emissions were suddenly to be rigorously regulated, so would invasion impacts continue long into the future even if all species
introductions were suddenly to cease miraculously today. This is because some introduced species remain
quite restricted and innocuous for many years before quite abruptly exploding across the landscape with major
impacts (Crooks, 2011), and some impacts take a long time to build to substantial levels. In short, there is
an “invasion debt” of impacts that will be experienced in the future of currently harmless introductions that
are already present (Essl et al., 2011).
The wealth of invasion impacts already detected, the great increase in research revealing previously undetected impacts, and the growth of trade and travel that bring invasions have induced a pessimism among a
segment of the scientific community, who take the attitude that we cannot do much to slow the flood of new
invasions or to mitigate the impacts of those that are established, so we should abandon the costly effort and
“learn to love them” (e.g., Davis, 2009; Davis et al., 2011; Vince, 2011; Thomas, 2013). They should, according to Marris (2010), be accepted as part of the “new normal.” Among restoration ecologists, a movement
has arisen arguing that the combination of biological invasions and global climate change is increasingly
making the idea of conserving ecosystems and restoring damaged ones an expensive, hopeless pipe dream
and that we should accept the resultant “novel ecosystems” as an inevitable part of a “new ecological world
order” (Hobbs, Higgs and Hall, 2013).
The public, although sensitized to particularly dramatic regional invasions such as those of the Burmese
python in Florida and the “killer alga” Caulerpa taxifolia in the Mediterranean (Meinesz, 1999), does not
view invasions in general as a major global change of the order of that caused by anthropogenic climate
change or land use change. This relative lack of concern is shown by the lethargic response to the issue
by policymakers in most nations, which is reflected in the absence of substantial effective regulations that
would stem the flow of invaders. For instance, in the United States (one of the nations in which invasions
have received the most attention), one can still legally purchase many of the most ecologically damaging
invasive plants at garden centers. Until 2012 one could legally buy, sell, and ship Burmese pythons in the
United States. The federal regulation stopping such activity came too late, after the python population had
exploded in Florida and gained international public attention. Although damaging invasions are increasingly
publicized, pronouncements in scientific journals about a “new normal,” “learn to love them,” and a “new
ecological world order,” though minority viewpoints, are avidly publicized by the popular media in much the
same way that scientifically credentialed deniers of anthropogenic climate change attract disproportionate
attention and justify policymakers in forestalling enacting policies appropriate to the scope and scale of
the problem. Momentum is building in many nations to take more aggressive action, but, as with global
warming, even the invaders that are already present will generate an increasing range of problems in the
future (Essl et al., 2011), at least without a greatly enhanced response.
The contention that we cannot do much to prevent or to mitigate invasions, the chief argument for the
“learn to love them” school, is incorrect, but the various effective courses of action are not well known by the
public. In fact, there are many ways to stem the arrival of new invaders, to eradicate recent invaders, and to
keep well-established ones at low densities, and incremental as well as major advances in relevant technologies
have occurred recently. The most efficient approach is to keep invaders out in the first place, and the biggest impediment to doing so is the failure of most nations to restrict planned introductions and to constrict
pathways, such as ballast water and untreated wood packing, that inadvertently introduce species. A further
problem has been simply maintaining an adequately large corps of trained inspectors of incoming people
and cargo. However, New Zealand has achieved notable successes in both of these matters, suggesting that
other nations could accomplish a lot if the political will were present (Simberloff, 2013).
The second line of defense is an early detection-rapid response (EDRR) system. Again New Zealand has
led the way in developing such a system, an Exotic Pest and Disease Hotline and a staff of trained responders,
but few nations have followed. Many invasions have been found early by alert citizens, and this observation
has led to mobilization of volunteers to work at the front lines on EDDR systems in both Australia and the
United States (Simberloff, 2013).
A variety of methods have successfully eradicated over 1,100 invasions of various taxa to aid conservation
(Genovesi, 2011), and many more invasions have been eradicated for agricultural or public health purposes.
The complexity of such operations and size of target areas has increased substantially. For instance, goats
were eradicated from Santiago Island (58,000 ha) by a combination of the classic Judas goat technique and
endocrine injections to prolong estrus (Campbell et al., 2005), while the melon fly (Bactrocera cucurbitae) was
eradicated from the Ryukyu Archipelago, including Okinawa and Amami, by a combination of the sterilemale and male-annihilation methods (Iwahashi, 1996; Kuba et al., 1996). To date, eradication of aquatic and
marine invaders has proven more difficult than eradication of terrestrial ones, although there are recent notable
successes, such as eradication of the killer alga Caulerpa taxifolia from two regions of California (Anderson,
2005) and the Caribbean black-striped mussel (Mytilopsis sallei) from northern Australia (Bax et al., 2001).
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If eradication is not attempted or fails, mechanical or physical methods, chemical methods, and biological control can sometimes maintain invasive populations at low levels, and all these technologies have seen
recent advances. Mechanical and physical approaches are sometimes impractical because of the high cost of
labor, although the use of volunteers or prison work crews has contributed greatly to successful maintenance
management in certain cases (Simberloff, 2013). In the wake of Silent Spring (Carson, 1962), the use of pesticides and herbicides became a bête noire of conservationists. However, many pesticides and herbicides in use
today have few if any non-target impacts and have, in some cases, provided good short- and medium-term
control of damaging invaders, including the rescue of the endemic Christmas Island red land crab Gecarcoidea
natalis from likely extinction by invading yellow crazy ants (Anoplolepis gracilipes) (http://www.deh.gov.au/
parks/christmas/fauna/crazy.html, accessed 8/29/06). However, the expense and evolution of resistance to
chemicals work against their effective long-term use, and, in addition, for many chemicals with no known
short-term non-target impacts, the effects of chronic exposure are unstudied. Potential non-target impacts
have bedeviled biological control as well, although tightened testing procedures for insects introduced to
control invasive plants have been greatly improved (Simberloff, 2012). Several insect invasions have also been
well controlled by introduced parasitoids or predators, but testing and monitoring procedures for non-target
impacts are more lax than those for natural enemies of invasive plants (Simberloff, 2012).
Finally, several novel approaches to eradication and maintenance management of invaders suggest that
some currently intractable invasions may become manageable in the future. Striking recent advances include
the use of toxic “BioBullets” to kill zebra mussels (Aldridge, Elliott and Moggridge, 2006) and a synthetic
mimic of a larval pheromone to attract migrating sea lampreys (Sorensen et al., 2005). In addition, a number
of “autocidal” methods are under development in which the genetics or physiology of an invasive species is
turned against it, as, for example, the use of transgenes to cause common carp to produce all-male progeny
(Bax and Thresher, 2009; Thresher et al., 2013).
In sum, biological invasions will continue to be a major feature of the Anthropocene, with myriad and
diverse far-reaching impacts. However, their advance can be slowed and their effects mitigated by political
will and ongoing progress in invasion biology and management technologies (Simberloff et al., 2013).
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