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    Chapter 2   
 The Diversity and Impacts of Alien Species                     

2.1                Introduction: The Diversity of Alien Species 

 The numbers and impacts, both actual and potential, of alien species in any area are 
hard to estimate, and only clear ideas of what constitutes ‘an alien’ can aid this. 
Distinction between (1) aliens that have arrived in a new geographically discrete 
area from other geographical regions separated by sea or other clear barrier that has 
been transcended and (2) those that have not had to overcome any such marked 
boundary or discontinuity in extending their range is useful. Thus, considering alien 
Hymenoptera in Europe, Rasplus et al. ( 2010 ) separated ‘species alien  to  Europe’ 
(those clearly from other parts of the world) from ‘species alien  in  Europe’, for 
which expansions into neighbouring contiguous countries have not included any sea 
or other such barrier. In this example, the great majority of the fi rst category repre-
sent biological control introductions, most of them to restricted anthropogenic areas 
such as cropping systems, and many of the species have remained localised in 
occurrence. In contrast, ‘aliens in Europe’ are more commonly associated with 
more natural forest or woodland habitats. Whilst many of the former group are para-
sitoids, many of the latter are phytophagous species that have accompanied spread 
of their host plants to increase their range. For many, however, it remains uncertain 
whether documented spread to neighbouring contiguous countries represents grad-
ual movement or independent colonisation events or, even, lack of historical infor-
mation on their long-term incidence. One important implication of the difference 
between these two categories is that transfers ‘in’ an area are more likely to encoun-
ter other taxa with more in common with those of their area of origin, rather than the 
predominantly more novel taxa resulting from introductions from afar ‘to’ that area. 
Some ambiguities remain, refl ecting incomplete knowledge and surveys. Whilst 
both movement patterns are common, the transfer of species across biogreographi-
cal boundaries is acknowledged widely as the greater potential concern, and mea-
sures to prevent such occurrences are the foundation of many biosecurity 
programmes. 
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 For the better-documented Lepidoptera in Europe, Lopez-Vaamonde et al. ( 2010 ) 
also recognised two major categories of aliens, paralleling those for Hymenoptera, 
above. The species originating from continents beyond Europe were largely out-
comes of deliberate or indirect (accidental) human activity, and this category 
included species introduced into greenhouses and similar environments with their 
host plants and regarded as having potential to spread through horticultural trade or 
expansion. The second category was of European species spreading within the con-
tinent, again largely from human activity. However, a number of contexts were 
excluded from their defi ned scope of ‘aliens’. Table  2.1  summarises these, each of 
which may need independent evaluation in considering the defi nition (and, hence, 
richness) of alien species for any particular study. In addition, introductions of alien 
host plants have undoubtedly facilitated range expansions of some Lepidoptera that 
have tracked these resources in some way. The Geranium bronze butterfl y ( Cacyreus 
marshalli , Lycaenidae), native to southern Africa, has progressively colonised much 
of southern Europe since it was initially recorded in Mallorca (in 1991), and is a 
potential pest of native and ornamental  Pelargonium  and  Geranium  species 
(Quacchia et al.  2008 ) whenever these are encountered.

   Diffi culties of generalisation from the European data were highlighted by a par-
allel study of alien Hymenoptera in New Zealand, demonstrating that inferences 
from one part of the world may indeed differ markedly elsewhere (Ward and Edney- 
Browne  2015 ). The families with highest numbers of alien species were broadly 
similar, but major differences from Europe included (1) a lower proportion (70 of 
334) of intentionally released species and (2) a greater proportion of parasitoids 
amongst the unintentionally introduced taxa, together with (3) a considerably larger 
proportion of alien species occurring in urban areas. Differences in place of origin 
were also evident (Fig.  2.1 ), with increasing predominance by alien species from 
Australia evident over recent decades. Australia is the source of 98 alien Hymenoptera 
species (and many other alien insects) in New Zealand, spanning many taxonomic 
groups and acting as a secondary source for some (such as the Argentine ant, 
 Linepithema humile ), so further aiding spread of some invasive alien species. 
Importation of live plants is a signifi cant entry path for these.

   Table 2.1    Groups of Lepidoptera in Europe which were excluded from the major categories of 
‘aliens’ (namely, naturalised alien species originating from outside Europe, and European species 
spreading through the continent as a result of human activity) (Lopez-Vaamonde et al.  2010 )   

 1. Species that show clear range expansions/colonisation at a country level, which are known 
to follow global climate change trends 
 2. Naturally expanding species known as migrants which have established without clear human 
assistance 
 3. New records of species probably overlooked in particular countries, and for which there is no 
clear evidence of range expansion 
 4. Deliberate introductions of species between European countries 
 5. Species once apparently established but now extinct 
 6. The large number of living ‘display species (as in butterfl y houses) unless these are either 
establishing in the wild or have become greenhouse pests 

2 The Diversity and Impacts of Alien Species
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   Especially beyond Europe, many invertebrate taxa cannot be allocated reliably to 
either native or alien status because of incomplete taxonomic knowledge and spe-
cies inventory; many orders of insects are amongst the most problematic groups for 
which to redress this. Nevertheless, even very conservative fi gures of alien species 
richness tend to be impressive. The Hawai’ian archipelago, for example, was 
assessed to have 5246 native insect species by 2000, with a further 2583 alien insect 
species including 98 % of the state’s pest insects (Pimentel et al.  2005 ). For the 
United States (including Hawai’i), Pimentel et al. cited ‘approximately 50,000’ 
non-native species (all taxa). These include many introduced deliberately as crops 
or ornamentals and for a variety of more specifi c purposes, such as classical biologi-
cal control of pests and landscape restoration. They included approximately 4500 
arthropod species (Pimentel  2011 ), of which more than 95 % were accidental intro-
ductions. Of these, about half are crop pests. General ecological concerns from this 
substantial pool of invaders included (1) lack of natural enemies controlling inva-
sive populations; (2) development of new ecological associations; (3) artifi cial or 
disturbed habitats that facilitate invasions; (4) ecological characteristics such as 
being successful generalist predators in the new environment; and (5) more general 
ecological adaptability. 

 These concerns collectively encapsulate many of the ecological correlates and 
mechanisms associated with invaders, and also much of the wider fear of conserva-
tionists for the fate of invaded ecosystems and the endemic or other native species 
there: they are central and recurring themes in insect conservation. Acknowledging 
the diffi culties of determining the full range and extent of environmental damage 
and native species extinctions fl owing from invasive alien species, Pimentel et al. 
( 2005 ) also noted that about 400 of the 958 species (all taxa combined) then listed 
as threatened or endangered under the United States Endangered Species Act were 
so primarily because of competitive or predation impacts of alien species. Similar, 

  Fig. 2.1    The origins of alien species of Hymenoptera established in New Zealand, indicating dif-
ferences between ( a ) unintentional introductions and ( b ) intentionally released species (Ward and 
Edney-Browne  2015 )       
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if less severe or less obvious, impacts must extend to numerous non-listed taxa. 
Pimentel et al. ( 2005 ) also emphasised the distinction between plant and vertebrate 
introductions (most of which have been intentional) and invertebrate introductions 
(most of which have been accidental or unplanned). Most insect invaders are not 
detected until they are already established and, in many cases, spreading. For many, 
the earlier phases of arrival and initial establishment can only be inferred. Relative 
attention to major taxa of invasive species was highlighted by Pysek et al. ( 2009 ), 
who analysed 2670 published papers collectively dealing with studies on 892 inva-
sive species. These were dominated by plants (48.3 % of papers, 395 species) and 
insects (18 %, 157 species). Most species were treated in rather few papers – but the 
most intensively studied invasive insect (the Argentine ant,  Linepithema humile , 
p. 159) was the subject of 61 studies. 

 Numbers of alien insect species in different places, although commonly high, 
pose some intriguing questions of their genesis and similarity. Thus, Yamanaka 
et al. ( 2015 ) pondered whether (1) a single pool of species, originating from the 
same areas and following similar invasion pathways, is the source of most insect 
invasions worldwide, or (2) insect invasions in each region are unique, and refl ect an 
individualistic set of origins and pathways. They approached this dilemma by com-
paring established insects of North America and mainland Japan and their key 
island groups (as Hawai’i, Ogasawara and Okinawa). The native area of each identi-
fi ed invasive insect was assessed, and deliberately introduced species were distin-
guished from accidental arrivals. Outcomes, not wholly unexpectedly, showed high 
numbers of non-native species, with those on Hawai’i and Okinawa approaching 
totals for the mainland areas (Table  2.2 ). Far more insects have been introduced 
deliberately to Hawai’i than to the Japanese islands, refl ecting its long history of 
classical biological control (Chap.   6    ). Comparison of each fauna showed clear dif-
ferences in origins across the fi ve regions, with each attaining a unique suite of 
species and pathways moulded by opportunity, propagule pressure and habitat/cli-
mate compatability.

   Table 2.2    Comparison and composition of non-native insect species (total, and percentage 
composition of some predominant orders) in mainland North America and Japan, and associated 
islands of Hawaii, Ogasawara and Okinawa (Abstracted from Yamanaka et al.  2015 )   

 Taxon 

 Locality 

 N. America  Hawaii  Japan  Ogasawara  Okinawa 

 Total spp.  3540  2651  471  168  349 
 Coleoptera  26.8  21.5  35.5  28  31.8 
 Hymenoptera  22.5  25.5  11  13.7  12 
 Hemiptera  27.3  16.4  22.5  26.8  22.6 
 Diptera  8.1  16.3  8.3  6.5  5.7 
 Lepidoptera  8.2  7.9  9.6  7.1  15.8 
 Thysanoptera  2.5  4.3  4.2  5.4  4 

  No other order has any entry above 4 %  
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2.2        Alien Species in Invaded Ecosystems 

 In extreme cases, becoming all too commonly found on some isolated island groups 
in particular, the dominance of local faunas by alien colonists causes severe ecologi-
cal disruption and loss. Some examples have been reported in which the entire cur-
rent fauna of particular insect groups is of alien species. Ants on the Hawai’ian and 
Juan Fernandez (Chile) archipelagos represent this scenario. Thus, the only three 
ant species found on the latter island group are invasive species (Ingram et al.  2006 ). 
Most bees found on islands of the south west Pacifi c are also very recent introduc-
tions with probable anthropogenic origins, and with many of the species likely to be 
from Australia or south east Asia (Groom et al.  2014 , assessing bees of Fiji, Vanuatu 
and Samoa). Some species have become abundant in this otherwise depauperate bee 
fauna, and Groom et al. discussed two major ecological implications of these perva-
sive recent introductions, as (1) awakening of sleeper weeds, the impacts of which 
on many islands are likely to have been inhibited by lack of suitable pollinators; 
weeds that depend on buzz pollination or with long corolla tubes (necessitating 
long-tongued bees for pollination) may be particularly affected, as elsewhere 
(Goulson  2003 ); (2) displacing native pollinators is a theme of very wide concern 
amongst island biota in which endemic fl ora may have evolved pollination mecha-
nisms with specialist native vectors that may be outnumbered and outcompeted by 
newer arrivals. An allied concern is that the introduced bees exploit fl owers of native 
angiosperms, but do not pollinate them effectively. On many oceanic islands, a 
major outcome from human settlement has been loss and fragmentation of native 
vegetation, which becomes progressively confi ned to remote, topographically 
extreme, or upland areas that are not immediately suitable for urban or agricultural 
conversion. Alien pollinators and others invade these increasingly vulnerable areas/
ecosystems, which have become the sole refuges for many endemic species that 
now occur in only small, circumscribed populations and areas. However, they are 
generally far richer and more abundant in areas disturbed and changed by people, 
often conditions under which invaders may become competitively superior (Borges 
et al.  2005 ) and, perhaps, leading to large populations enabling increased potential 
to disperse to more natural biotopes. 

 Predominance and functional dominance of alien insects in feeding guilds on 
remote islands is exemplifi ed by the parasitoid wasp fauna in Hawai’ian ecosystems 
(Lockwood et al.  2001 ). Peck et al. ( 2008 ) used Malaise traps in native wet forests 
at three elevations to monitor parasitoid richness and abundance over 17 months. 
Aliens dominated the 18,996 individual Ichneumonoidea collected, comprising 44 
of the 58 species. Most species were captured in very low numbers, with the bottom 
collective 34 species making up <1 % of the total. Ichneumonidae was more diverse 
than Braconidae (69 % of species, 67.5 % of individuals), but a single alien braconid 
( Meteorus laphygmae ) was the most abundant wasp, as 28.3 % of the total catch. 
Collectively, alien species accounted for 75.9 % of individuals. Their incidence was 
greatest on lowland areas, and declined from 98.8 % there to 64 % at the highest 
elevations sampled. Their impact on native Lepidoptera, the predominant host 
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group for the great majority of parasitoids obtained (many of them with broad host 
ranges within that order), appeared severe. As many earlier workers had noted, a 
broad host range was considered advantageous for species introduced during early 
biological control programmes on the archipelago. Their legacy has been strong 
implication in the reduction and extinctions of many native endemic hosts. Thus,  M. 
laphygmae  has been reported from hosts in six families of Lepidoptera, and whilst 
diffi cult to ascribe the dramatic losses of Hawai’ian Lepidoptera unambiguously to 
any single cause, increased parasitisation rates associated with proliferation of alien 
species have been widely considered the predominant single contributor (Gagné 
and Howarth  1985 ). Other factors involved include loss of native host plants, and 
predation by invasive ants and social wasps (notably  Vespula pensylvanica ). 

 Broad accusations that introduced biological control agents are a primary cause 
of endemic species losses in island environments may thus be tempered by demon-
stration that they are sometimes only a part of the processes involved. As one spe-
cifi c example, there is no doubt that the Hawai’ian species of  Omiodes  leaf-roller 
moths (Crambidae) have undergone considerable declines and local extirpations, 
with some species declared extinct, over the last century or so. Some species were 
targets for classical biological control by imported ichneumonoid wasps, with these 
agents moving to attack non-target species. King et al. ( 2010 ) deployed eggs and 
larvae of  Omiodes continualis  in fi eld sites on Maui and Oahu and measured rates 
of parasitisation, in conjunction with extensive fi eld surveys for wild larvae of this 
and four other  Omiodes  species, and including some of conservation concern. Some, 
indeed, had been believed to be extinct, included in considerations by Gagné and 
Howarth ( 1985 ) of alien agent impacts, but have since been rediscovered. 
Information accumulated by King et al. suggested a lesser role for introduced para-
sitoids, and impacts differing also on different islands. The species-specifi c and 
location-specifi c impacts revealed the need for impacts of invasive predators and 
habitat variability on native insects to be investigated in conjunction with those of 
alien parasitoids. Adventive parasitoids may be far more signifi cant threats to native 
Hawai’ian insects than are deliberately introduced species. Investigation of the par-
asitoid spectrum of the endemic moth  Udea stellata  (Crambidae) revealed seven 
alien parasitoids, only two of which were deliberate introductions (Kaufman and 
Wright  2009 ). Examination of ‘sentinel larvae’ deployed in the fi eld implied that 
simple disappearance (attributed to predation) was far higher (42.1 %) than parasit-
oid (4.9 %) mortality, but of the latter, 97 % was due to adventive species. Without 
quantitative assessments of this kind, it is generally not clear whether, despite evi-
dence of attack, introduced species contribute signifi cantly to declines of native 
taxa. A complementary approach to parasitoid impacts, employing the wider per-
spective of impacts on food webs, involved plotting associations derived from the 
Lepidoptera species from 60 host plants in a remote forest site (Alakai, Kauai), 
where 83 % of parasitoids recovered were introduced classical biological control 
agents, 14 % were accidentally introduced species and only 3 % were natives 
(Henneman and Memmot  2001 ). Simply assessing the diversity and impacts of 
alien parasitoids or predators as they exploit native biota is complex, and illustrated 
by further appraisal of the predators of the Alakai Lepidoptera (Sheppard et al. 

2 The Diversity and Impacts of Alien Species



23

 2004 ). Predatory arthropods collected from different host plants were subjected to 
DNA analyses capable of detecting individual prey species in their gut contents. 
The proportion of alien predators was far lower (11 %) than that for parasitoids 
(97 %, above), but that even closely related species can be differentiated unambigu-
ously by such investigations opens novel avenues for similar comparisons in the 
future. 

 Many workers, exemplifi ed by Messing ( 2000 ), have considered the impacts of 
non-target effects on the conduct of biological control programmes (Chap.   6    ), 
emphasising the need to weigh these carefully in relation to the enormous benefi ts 
such programmes can bring. Messing suggested three intergrading categories of 
non-target effects to help display the range of putative problems, as (1) estimated 
risk of non-target impacts by a proposed natural enemy introduction so great that 
the project does not go ahead; (2) a perceived or potential non-target effect, perhaps 
based on casual observations or other non-quantitative information leads to aban-
donment of a project that might otherwise be benefi cial – this category could include 
projects in which a real (but small) non-target impact blocks a potentially worthy 
programme; and (3) the apprehension mirroring what Messing called ‘a general fear 
of exotic organisms’, associated with strict regulatory controls that can preclude or 
severely deter the project through factors such as needs for more extensive and 
stringent screening and related slowing of obtaining the requisite permits to pro-
ceed. The second category broadly includes many of the most controversial exam-
ples, refl ecting both lack of comprehensive evidence and the relative strengths of 
views advanced by different stakeholder groups. The approach resembles the philo-
sophical stance sometimes advanced for biological control agents as being ‘guilty 
until proven innocent’ (Simberloff and Stiling  1996 ). 

 The third category effectively prevents introductions of any but the most inten-
sively studied agents that are deemed ‘safe’, endorsing the views of Louda et al. 
( 1998 ) that the best release strategy would be to use ‘the fewest and most effective 
agents with the lowest probability of non-target effects’. As Ehler ( 2000 ) com-
mented, this assumes that such agents are actually available. It also displaces the 
previously widespread ‘lottery’ approach by which any likely agents were intro-
duced and largely left to their own devices in the hope that one or more would suc-
ceed, and with little (if any) regard for non-target impacts or monitoring to detect 
these. That practice has led to much of the concern for conservation, from prolifera-
tion of generalised alien predators and parasitoids becoming widely distributed far 
from anthropogenic environments. However, Ehler discussed another potential 
problem – that the agents selected because of minimal non-target risk may not be 
the most effective natural enemies of the target pest, and might provide (at most) 
only moderate control. Occurrence of several such suboptimal species could lead to 
problems in establishing ‘better’ or additional agents later. Assessing candidate 
agents on their potential non-target effects might thus come at the expense of both 
short-term impacts on the target pest and chances of improving control in the future. 

 Entire groups of insects in some ecological groups have been lost from some 
islands, from a variety of causes but with alien species (including introduced bio-
logical control agents) often implicated as a major contributor. For Hawai’i, Cox 
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and Elmqvist ( 2000 ) noted that 52 reported endangered species of  Nesoprosopis  
bees and 26 species of endemic moths are now extinct, severely impoverishing 
insect pollinator guilds to the detriment of native fl ora. Assessment of the impacts 
of individual alien species on individual native species, rather than more embracing 
statements of general losses from the invader, is often inferential - not least because 
the manipulative experiments needed to prove causative loss are usually impossible 
for most of the rare or threatened species over which such concerns arise. Thus, the 
major impacts of the invasive Argentine ant ( Linepithema humile ) on native ants 
and other arthropods are well-documented (for example, again in Hawai’i: Cole 
et al.  1992 ) but its impacts on individual threatened insect species are only rarely 
assessed. The same applies for many aliens regarded as aggressive generalist preda-
tors (p. 131). 

 The threatened Valley elderberry longhorn beetle ( Desmocerus californicus 
dimorphus , Cerambycidae) frequents riparian woodlands in California, where its 
sole host plant (Blue elderberry,  Sambucus mexicana , Caprifoliaceae) grows. By 
sampling for the beetle (searching for current year emergence holes on plot samples 
of elderberries) and  L. humile  (bait traps and direct searching on elderberry plants), 
Huxel ( 2000 ) confi rmed that the ant was spreading along permanent streams. His 
correlations suggested that links between habitat loss and fragmentation and the 
invasion of  L. humile  may increase risk to the beetle. Although the exact mechanism 
of ant impacts was unknown, it might include egg predation – but Huxel’s model 
implied that long-term survival of  Desmocerus  might require control of the spread 
of Argentine ant. 

 Impacts on non-threatened species have been evaluated predominantly in agro-
ecosystems, in which native ‘natural enemies’ of economically important pests may 
be active targets for conservation and increase as valued conservation biological 
control agents (Chap.   6    ). Alien ladybird beetles (Coccinellidae) in North America 
have been implicated in declines of native species, but confi rmation has been ham-
pered by the substantial natural variation in ladybird population size. Changes in the 
native ladybird community associated with potato crops in Maine over about 
31 years implied that, before 1980, those communities were composed largely of 
native species. After this, the alien Palaearctic  Coccinella septempunctata  estab-
lished permanently and progressively became dominant (Alyokhin and Sewell 
 2004 ). Two other aliens ( Harmonia axyridis ,  Propylea quatordecimpunctata ) 
became prominent in 1995 and 1996. Invasion of these aliens was followed by sig-
nifi cant declines of the two major native species ( Coccinella transversoguttata , 
 Hippodamia tredecimpuncata ) – but they persisted in low numbers, so that the net 
outcome has been increased species richness within the crop. 

 These predatory beetles illustrate that impacts of aliens can be appraised at the 
level of feeding guild or other functional group, as a possible guide to impacts on 
ecological functions, and involving comparisons of how effects of invasive and 
native species may differ. Extending from the commonly documented scenario of 
native ant species being displaced by invasive alien ants (Chap.   6    ), Ness and 
Bronstein ( 2004 ) noted that mutualisms involving ants (such as myrmecochory) 
may be disrupted. Their review compared impacts of seven key invasive species 
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(Table  2.3 ) which were nominated as the most widespread and invasive ants (Holway 
et al.  2002 ). All were likely to eliminate native ants from invaded areas and, in many 
cases, to mediate their interactions with prospective mutualists.

   Any key resource that benefi ts an invasive insect suffi ciently to facilitate its 
spread and increase population growth may also correlate with increased impacts on 
native species. Carbohydrate resources for invasive ants are a well-studied context, 
whether those nutrients are from scale insects (p. 76) or from extrafl oral nectary- 
bearing plants, as described for  Anoplolepis gracilipes  on Samoa (Savage et al. 
 2009 ), where high abundances of crazy ants at sites with abundant extrafl oral 
nectary- bearing plants were associated with low richness of native ants visiting 
those plants. Outcomes of invasive species may include some form of facilitation 
for the wellbeing of native species, but the variety of such impacts and their likely 
occurrence has often been overlooked. Most commonly involving habitat modifi ca-
tions by the invading taxa, three functional categories have been distinguished 
amongst the varied mechanisms involved (Rodriguez  2006 ). These conceptual 
models (Fig.  2.2 ) are based on the changing population sizes of the interacting spe-
cies over time, and are (1) novel facilitation, when the invader constitutes a new 
exploitable resource for the native species; (2) substitutive facilitation, when an 
invasive facilitator functionally replaces a native facilitating species because of 
superior competitive ability; and (3) indirect facilitation, that occurs if a native pred-
ator or competitor is reduced by the invasive species, so leading to increase of the 
native prey or native competitively inferior species.

   Functional impacts are illustrated repeatedly by studies of the roles of alien pol-
linating insects, which may be key factors in conservation of endangered native 
plants whose native pollinators have succumbed to local environmental changes. 
The North American Western prairie fringed orchid ( Platanthera praeclara ) has 
become scarce due to destruction of tallgrass prairie, and is pollinated by  hawkmoths 

   Table 2.3    The seven key species of invasive ants discussed by Ness and Bronstein ( 2004 ), 
indicating the extent of their invasions at that time   

 Species  Preferred regime  Introduced (native) range 

  Anoplolepis longipes   Tropical  Africa, Asia, Australia, Caribbean (Africa, 
Asia) 

  Linepithema humile   Mediterranean  Africa, Asia, Australia, Mediterranean, North 
America (South America) 

  Paratrechina 
longicornis  

 Tropical  North America (Africa) 

  Pheidole 
megacephala  

 Tropical  Australia, North America, Caribbean, 
Mediterranean, South America (Africa) 

  Solenopsis geminata   Tropical, semitropical  Africa, Asia, Australia, Caribbean, (North 
America, South America, Central America) 

  Solenopsis invicta   Mild temperate, 
semitropical 

 Caribbean, North America, Australia (South 
America) 

  Wasmannia 
auropunctata  

 Wet tropical  Africa, Caribbean, North America (Central 
America, South America) 
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(Sphingidae) (Fox et al.  1997 ). Only three metapopulations of the orchid remain, 
and several species of Sphingidae have been found carrying its pollinia. One of fi ve 
such species recorded in observations of visitation rates to fl owers over 4 years is 
the introduced European Spurge hawk ( Hyles euphorbiae ), introduced from the late 

  Fig. 2.2    Three conceptual models of different scenarios that defi ne why invasive species can 
facilitate native species, shown along the timeline of successive invasion events. The scenarios are 
( a ) novel facilitation, when no native facilitator existed; ( b ) substitutive facilitation, when an 
invader functionally replaces a native facilitator; and ( c ) indirect facilitation, occurring when 
reduction of a predator or dominant competitor indirectly results in facilitation of a native 
(Rodriguez  2006 )
( dashed line : invasive facilitator,  solid line : native facilitated,  small-dotted line : native facilitator, 
 large-dotted line : predator/competitor)       
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1960s as a potential control agent for Leafy spurge ( Euphorbia escula ). Fox et al. 
believed that the orchid could only be conserved effectively if pollinator popula-
tions are maintained, so that larval food plants and additional nectar sources are 
needed, and also that  H. euphorbiae  was an important pollinator. It was the only 
sphingid found in all of the 9 years of their extended study, and the only bivoltine 
species – so that adult moths are present across the entire fl owering period of the 
orchid. It is important also to conserve the native pollinators – not least because 
successful biological control of the spurge may eventually curtail presence of  H. 
euphorbiae  (Fox et al.  1997 ). 

 The endemic South American bumblebee  Bombus dahlbomii , a generalist polli-
nator, was considered to be a keystone species in temperate forest environments in 
the south of the continent where many native fl ora rely on it for pollination. With 
progressive introductions of alien bees for manipulated pollination based on, ini-
tially,  Apis mellifera , followed by  Bombus ruderatus  (from 1984 for red clover pol-
lination) and  B. terrestris  (from 1998, for glasshouse tomatoes), all these bees 
expanded their range.  B. dahlbomii  contracted in distribution and its populations 
declined substantially (Sanguinetti and Singer  2014 ). The three aliens have become 
the major pollinating agents of two notable sympatric orchids ( Chlorea virescens , 
 Brachystele unilateralis ).  B. dahlbomii  is rarely seen in the areas where the orchids 
grow, and accounts for less than 10 % of bee visits to fl owers. Sanguinetti and Singer 
believed that the high reproductive success of the orchids was linked directly with 
abundance of alien bees, with  B. dahlbomii  no longer effective. Whilst  a priori  the 
introduction of alien bumblebees might have been anticipated as highly detrimental 
to these orchids, refl ecting losses of  B. dahlbomii , it now seems clear that they func-
tionally substituted for, and enhanced, the role of that endemic species. The wider 
effects of  B. dahlbomii  declines as a key mutualist pollinator of  Alstroemeria aurea  
(Alstroemeraceae) are still somewhat unclear. Aizen et al. ( 2008 ) noted its displace-
ment by  B. ruderatus , a less effective pollinator because of its small size, and that 
this might select for smaller fl owers. Maintenance of native pollinator mutualisms 
poses intricate ecological problems as they become invaded by alien species, and 
native pollinators become vulnerable. Competitive interactions between native and 
alien bees have attracted considerable attention. Studies on the introduced  Apis mel-
lifera  and its interactions with the native  Bombus occidentalis  in California 
(Thomson  2004 ,  2006 ) demonstrated the needs for experimental investigations, 
rather than solely observational information, to elucidate the invader’s impacts.  B. 
occidentalis  colonies near introduced  A. mellifera  hives showed trends such as 
lower ratio of foraging trips for pollen relative to nectar, and of both male and 
female reproductive success. Those trends implied that this important native polli-
nator was indeed functionally suppressed when forced into competiton with intro-
duced honeybees, and such impacts might have further consequences for native 
fl ora if  A. mellifera  is a less effi cient pollinator. 

 The invasive social wasp  Vespula pensylvanica  (p. 22) is both a predator and a 
nectar feeder in Hawai’i, adding considerable complex and unanticipated malfunc-
tions in invaded communities. These include changing intricate plant-pollinator 
mutualisms. Experimental reduction of wasp populations in large plots containing 
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the insect-pollinated endemic tree  Metrosideros polymorpha  led to signifi cantly 
increased visitation rates by bee pollinators (Hanna et al.  2013 ). As a further com-
plexity, the alien  Apis mellifera , itself preyed upon strongly by  Vespula , also became 
a signifi cant pollinator of  Metrosideros  once wasps had been removed. This case 
thereby involved management of one key invasive species, which had caused 
decreased fruit production of an endemic tree by disrupting pollination, enabling a 
different introduced species to facilitate that mutualism and increase fruit produc-
tion. This positive attribute for  A. mellifera  (introduced to the archipelago in 1857) 
must be weighed in the context of its broader community impacts, considered 
widely to be harmful. 

 A somewhat different view of a social wasp’s impact on native species, compar-
ing arthropods on wasp-infested control plots and sites on which  Vespula germanica  
had been substantially reduced by toxic baits in Patagonia (Sackmann et al.  2008 ), 
suggested that the wasp had very little effect – a considerable contrast to the dra-
matic restructuring of natural communities by the same species in New Zealand 
(Beggs  2001 , p. 142). In Patagonia, no impact on abundance, richness or assem-
blage composition was detected, with the differences between poisoned and control 
sites attributed to the site differences present before wasps were reduced and evi-
dent at that earlier stage. Sackmann et al. suggested three possible explanations for 
lack of impact detected, each a relevant consideration in parallel studies. These 
were (1) the time span of wasp poisoning – the 3 years of bait deployments might 
not have been suffi cient to allow the native community to respond; this was consid-
ered unlikely; (2) the level of wasp reduction (averaging 50 %) may not have been 
suffi cient to reduce the overall impact on the native community, as trials elsewhere 
have indicated that wasp reductions of the order of 80–90 % might be necessary to 
protect vulnerable species; and (3) that overall, wasp abundance was quite low, 
again a contrast to the New Zealand surveys, so that any impact would be insuffi -
cient for detection. This last consideration links with substantial variations in wasp 
abundance in different years. Generalisations on the impacts of such invasive spe-
cies may need verifi cation in the context of the individual community structure. 

 Alien vespoid wasps, as above, illustrate a considerable variety of ecological 
impacts, some of which may become of particular sectoral signifi cance.  Vespa velu-
tina  (p. 40) was the fi rst predatory alien vespoid introduced accidentally from Asia 
to Europe. The hornet preys on honeybees and contributes to loss of  A. mellifera  
colonies, providing an additional stress on declining pollinator services (Monceau 
et al.  2014 ). The extent of this predation is not yet clear, but both hive destruction 
and hive weakening occur. Much of the current control of  V. velutina , by nest 
destruction, is undertaken by apiculturists, and  V. velutina  is a declared noxious pest 
species in France, as a ‘class 2 health hazard’. Of direct conservation concern, in 
France the hornet may also interfere with the European hornet,  Vespa crabro , which 
is a protected species over much of its range. However, some reports indicate 
 increased   V. crabro  predation on honeybees since  V. velutina  arrived – possibly ben-
efi ting from the reduced fi tness and defensive capability of colonies resulting from 
the latter species’ attack facilitating prey accessibility. 
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 The commonly designated polarisation of alien species’ impacts as either ‘good’ 
or ‘bad’ is often an oversimplifi cation (Simberloff et al.  2012 ,  2013 ), with many 
such allocations subjective or depending on the point-of-view of particular interest 
groups. Public perception may view Australian  Eucalyptus  elsewhere as valuable 
shade, ornamental or timber trees, for example, or as invasive weeds that harm 
native taxa. The European Gypsy moth ( Lymantria dispar ) is more clearly a forestry 
pest, capable of infl icting large scale ecological changes in North America. It was 
formerly common in Britain, but became extinct there early in the twentieth century, 
since when it was sought (as a presumed occasional migrant) avidly by collectors. 
Small resident colonies now occur in southern England, presumed to originate from 
accidental transport of eggs. 

 Assessing impacts of any invasive alien species involves the duality of ecological 
and socioeconomic effects. These are often closely correlated, but terrestrial inver-
tebrates commonly create greater concern for economic than for ecological effects 
(Vila et al.  2009 ). Of the total 2481 alien terrestrial invertebrates in Europe, based 
on the DAISIE database, 342 (13.8 %) had ecological impacts, but 601 (24.2 %) 
economic impacts – but Vila et al. also noted that this discrepancy may be related to 
the economic impacts being more easily perceived. Nevertheless, all four major 
groups of ecosystem services (namely supporting, provisioning, regulatory and cul-
tural) are affected, together with impacts on human wellbeing. Ecological impacts, 
critical considerations for conservation, are indeed often very diffi cult to quantify 
or, even, detect. Many of the concerns arising from entry of species into new envi-
ronments focus on the wellbeing of native insects and other biota, and are the major 
topics of the following chapters.     
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