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Daniel Simberloff and Anthony Ricciardi

invasions, focusing on Easter Island, the Tristan da Cunha group,

the Hawaiian chain, and New Zealand. Had he completed a
second edition, he would have noted even greater impacts at least for
Tristan de Cunha and Hawaii, as he had notes from publications on
invasion impacts there from 1959 through 1970.

In general, invasion impacts on islands, especially remote islands, have
only worsened. For Gough in the Tristan da Cunha group, Elton’s notes
included records published in 1959 on house mice,X" but only in 2001
was it recognized that predation by the Gough mice is responsible for
massive seabird death.*™ The endemic Easter Island tree Sophora tor-
omiro that Elton had described as nearly extinct is now extinct in the
wild (but slated for reintroduction from a botanical garden).*I Several
endemic insects, as well as two endemic isopods, have since been dis-
covered on Easter Island, particularly in caves, but these are gravely
threatened by anthropogenic factors, including newly introduced spe-
cies.®™ Il In Hawaii, Elton mentioned the possibility that introduced Asian
birds might transmit avian malaria to native birds via introduced
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mosquitoes. He was aware by 1970 that such an event had indeed come
to pass, as he had annotated a 1970 meeting report on endangered
birds and mammals in Hawaii that mentioned the threat. Beginning in
the late 1960s it was widely reported that native lowland birds were
devastated by the pathogen, although one species recently is recolo-
nizing lowland forests.** For New Zealand, Elton focused primarily on
introduced mammals and birds but mentioned the recently arrived and
fast-spreading Palearctic wasp Vespula germanica, without detailing its
impact. It has since become widespread, but, worse, it has been replaced
in southern beech forests by the more recently introduced Palearctic
Vespula vulgaris, with a vast array of impacts at population, community,
and ecosystem levels, including competition with threatened bird spe-
cies for scale insect honeydew.!

Elton could have chosen other remote islands to make his case—e.g.,
the Galapagos™" or St. Helena®"—but the four cases he chose made his
case well, and many other islands have similarly suffered since he wrote.
A famous case is the loss of Guam'’s forest birds to predation by the
introduced brown tree snake with follow-on effects on native plants and
animals XXXl

For several invasions Elton discussed, recent research casts new light on
impacts. On New Zealand and other islands, Elton saw the Pacific rat
(Rattus exulans) as quite innocuous, unfairly tarred by association with the
ship rat and Norway rat. In fact, on these islands it causes drastic declines in
native bird, reptile, amphibian, and insect populations,*" and this species
is now suspected of having been the main cause, through seed predation,
of Easter Island deforestation.*VIn Hawaii, one of the three Asian birds that
Elton noted had penetrated into forests and might transmit avian malaria
—the Japanese tit—has disappeared completely from all islands,V! while
populations of a second—the red-billed leiothrix—now fluctuate wildly,
and the species has disappeared from Kauai.*"!

Elton adumbrated two phenomena that subsequently became major
research foci in invasion science. One is invasional meltdown, in which a
group of nonnative species facilitate one another’s invasion, increasing
the likelihood of survival and/or ecological impact, and possibly the
magnitude of impact™"" Elton noted that “Most of the [introduced]
herbivorous insects have followed in the wake of earlier plant intro-
ductions” (p. 107). He described how the introduced Asian myna spread
New World lantana in Hawaii, and he feared transmission by introduced
mosquitoes of avian malaria from Asian to native birds. Similar phe-
nomena have been recorded in many other systems," including a 3-way
interaction among introduced yellow crazy ants and scale insects and
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native red crabs on Christmas Island (Indian Ocean) that facilitated
invasion by the giant African snail,*" whose march across Pacific islands
Elton described.

In Hawaii Elton also foresaw the explosion of interest in non-target
impacts of introduction of natural enemies for biological control of
nonnative pests following Howarth’s suggestion that such nontarget
impacts on native insects are common.X" Subsequent research shows
that one such case adduced by both Elton and Howarth, the loss or
possible extinction of native moths owing to the introduction of wasp
parasitoids to control introduced pest moths, is doubtful, but several
other instances on both islands and mainland are confirmed.™" One
case hinted at by Elton and updated by Howarth is the impact of the
predatory New World rosy wolf snail, introduced to Hawaii and many
other islands in a futile attempt to control the giant African snail. Elton
noted that the rosy wolf snail was being trialed as a possible control
agent and seemed to hint at its threat to native amastrid snails. In fact,
the introduction led to one of the great conservation hecatombs of
modern times, delivering the coup de grace to already declining
amastrids®™" and causing the extinction of many other Pacific island
snails, including endemic achatinellid tree snails in Hawaii.V"

Elton’s attitude towards biological control was enigmatic. In Chap. 4
he extensively paraphrased Weber, X! about how “Every new insect
pest may cause a train of operations with foreign counterpests,” with no
mention of possible non-target impacts. This passage may be read as
either an endorsement of the approach or as a wry, ironic commentary
on the endless build-up of invaders, in the spirit of the poem about great
fleas having little fleas upon their backs to bite ‘em. In notes inserted in
the proof copy for Chap. 7, Elton wrote extensively, based on comments
by Nicholson,* about many successful or promising projects for bio-
logical control of plants, never cited in his book, with no mention of
possible non-target impacts on native species.

Elton did not foresee several subsequent developments in invasion
science. One is extensive research on ecosystem-wide impacts of inva-
sions following research by Vitousek and colleagues on how myriad
impacts of the nitrogen-fixing Atlantic shrub Morella faya “change the
rules of the game” for the entire mid-elevation ecosystem on the island
of Hawaii,®X in a meltdown involving introduced earthworms and
seed-dispersers.®™1 Another is the increasing role of genetics in invasion
science. Molecular tools unavailable in 1958 have been used to track
pathways of introduction to islands and mainland, as for the cane toad,™
to detect hybridization of native species with invaders, as for the
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Hawaiian duck,™ to determine cause of eradication failure, as for rats in
the St. Anne Peninsula,” and to determine that a legendary invader, the
rosy wolf snail, is actually two species.XV!

Elton was not sanguine about eradication of invaders, on mainland or
islands, though in Chaps. 1 and 6 he noted the eradication of the malaria
mosquito, Anopheles gambiae, from a large region in Brazil and in
Chap. 6 he described eradicating a small North American muskrat
population in Great Britain. Previously he had foreseen the possibility of
eradicating ship rats and Norway rats from Great Britain and many other
islands;" had he become more pessimistic? If so, this was unwarranted,
as recent advances have led to successful eradication of both species
from hundreds of islands™! with notable conservation benefits of these
and other invasive mammal eradications.®™ Many technologies
unavailable in 1958 have been used in projects on increasingly large
islands—for instance, the use of GIS, aircraft, and synthetic hormones in
eradicating goats from Santiago and the entire northern part of Isabela
in the Galapagos Archipelago.lVV!
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