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Abstract

We use a recently proposed framework, the Socio-Economic Impact Classification for Alien Taxa (SEI-
CAT) to undertake the first global assessment of the impacts of alien birds on human well-being. A review
of the published literature and online resources was undertaken to collate information on the reported
socio-economic impacts of 415 bird species with self-sustaining alien populations worldwide. These data
were then categorised following the SEICAT guidelines. Impact data were found for 57 (14%) of the 415
alien bird species in this study. All but two of these species were found to have minor impacts on human
well-being. The most significant threat to human well-being posed by alien birds may be associated with
their impacts on aviation safety. About two-thirds of the impact data found described agricultural impacts.
No data were found describing disease transmission impacts on humans. We lack data for developing
regions of the world: this is of concern as alien species can threaten livelihoods in developing countries,
particularly by affecting agricultural production and hence food security. Most assessments were allocated
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a ‘Low’ confidence score. This may be because SEICAT is a new framework, requiring data on the way in
which alien species affect human well-being, as measured by changes to human activities: even where we
do have data describing an alien bird impact, information on how profoundly this impact affects people’s
activities is currently rarely available.

Keywords
Aviation safety, biological invasions, common starling, Canada goose, Eurasian blackbird, frugivory, grape
damage, human well-being

Introduction

The socio-economic impacts of alien species can be severe, affecting human health and
livelihoods across the globe. For example, in the Mediterranean, the silver-cheeked
toad-fish (Lagocephalus sceleratus) impacts commercial and recreational fishing activi-
ties by predating upon fish caught in nets and damaging fishing gear. It is also highly
toxic and has little economic value, but represents 4% of the total weight of artisanal
catches, resulting in reduced incomes (Coro et al. 2018). In 2005, the tiger mosquito
(Aedes albopictus) caused an outbreak of chikungunya fever on Reunion Island, which
resulted in approximately 255,000 infections and more than 200 deaths (Josseran et al.
2006). The cumulative (present-value) costs of the golden apple snail (Pormacea canali-
culata) invasion to rice agriculture in the Philippines in 1990 were between US$ 425
million — 1.2 billion/year (€ 380 million — 1.1 billion/year) (Naylor 1996).

While there are many examples of alien species having socio-economic impacts,
systematic assessments of these impacts for a given alien higher taxon are rare. Here,
we address this with an analysis of the socio-economic impacts of an entire alien tax-
on, birds, the alien populations of which are relatively well documented (Dyer et al.
2017a). Alien birds can impose a substantial financial burden: in just six countries
(the UK, USA, Australia, South Africa, India and Brazil), they have been estimated
to cause combined economic losses of US$ 2.4 billion/year (€ 2.2 billion/year) (Pi-
mentel et al. 2001). In Australia, the Eurasian blackbird ( 7urdus merula) and common
starling (Sturnus vulgaris) cause significant damage to vineyards and orchards (Tracey
and Saunders 2003): should the common starling establish in Western Australia, the
estimated cost to the region resulting from agricultural damage would be AU$ 43.7
million/year (€ 26.2 million/year) (Campbell et al. 2016). In the UK, Canada geese
(Branta canadensis) are a significant threat to aviation safety: in 1998, a Boeing 767
struck a flock of Canada geese on landing at Heathrow Airport in London, causing
extensive damage to the plane (Civil Aviation Authority, no date). In Florida, monk
parakeets (Myiopsitta monachus) build nests on electrical utility facilities, including
distribution poles, transmission line towers and electrical substations. The nests cause
regular power outages, pose a health and safety concern and result in lost revenue for
utility companies (Avery et al. 2002). On Haiti, the village weaver (Ploceus cucullatus)
is a significant pest to rice agriculture (Fitzwater 1973). Given the wide-ranging socio-
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economic impacts of alien birds, an analysis that categorises, scores and compares spe-
cies based on the mechanism and severity of their impacts (as has been done for the
environmental impacts of alien birds (Evans et al. 2016) using a related framework, the
Environmental Impact Classification for Alien Taxa (EICAT: Blackburn et al. 2014)),
would provide useful insights regarding the most damaging species. It would also en-
able the identification of regions sustaining the most severe impacts, potentially in-
forming management interventions to protect human health and livelihoods.

To date, four studies have used scoring systems to quantify the socio-economic
impacts of alien birds (Shirley and Kark 2009; Kumschick and Nentwig 2010; Kum-
schick etal. 2013; Evans etal. 2014). Shirley and Kark (2009) scored alien bird impacts
under two broad categories: economic impacts resulting from damage to agricultural
crops and human health impacts resulting from disease transmission, noise disturbance
and threats to aviation safety. They found alien birds from three families (true parrots
(Psittacidae), pheasants (Phasianidae) and ducks, geese and swans (Anatidae)) to have
the most severe economic impacts and pigeons and doves (Columbidae) and true par-
rots to have the most severe human health impacts. The other three studies used the
Generic Impact Scoring System (GISS: Nentwig et al. 2010) to quantify the severity of
alien bird impacts using six categories: agriculture, animal production, forestry, human
infrastructure, human health and human social life. Kumschick and Nentwig (2010)
found four alien bird species to have the most severe economic impacts in Europe: the
Canada goose, rose-ringed parakeet (Psittacula krameri), monk parakeet and the Afri-
can sacred ibis (7hreskiornis aethiopicus). Kumschick et al. (2013) found that most alien
birds generally have relatively minor economic impacts in Europe, with the exception
of the Canada goose. Evans et al. (2014) found the economic impacts of alien birds in
Australia to be more frequently documented than their environmental impacts, that
there are more species with recorded economic impacts in Australia than in Europe
(14 vs. 7) and that these impacts tend to be more severe in Australia than in Europe.
The species with the most severe economic impacts in Australia included the common
starling, common myna (Acridotheres tristis) and house sparrow (Passer domesticus).
These regional studies have provided useful insights regarding the types of alien birds
that have the most severe impacts on a range of socio-economic activities in Europe
and Australia. However, these studies did not adopt a common metric with which to
determine the severity of socio-economic impacts generated by alien birds: this means
they are less useful when trying to directly compare the severity of impacts caused by
different alien bird species and sustained across different regions of the world.

The recently proposed Socio-Economic Impact Classification for Alien Taxa (SEI-
CAT: Bacher et al. 2018) has been developed to provide a standardised method to
quantify and categorise the broad range of socio-economic impacts generated by alien
species. Crucially, it differs from previous scoring systems (e.g. D hondt et al. 2014;
Nentwig et al. 2016), because it uses changes in human activities that result from the
impacts of an alien species as a common metric for assessing the severity of these im-
pacts. In so doing, SEICAT enables direct comparisons to be made across alien taxa
and regions regarding the severity of the impacts caused by alien species. Here, we
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apply SEICAT to undertake the first global assessment of the impacts of alien birds
on human well-being. Based on the results of previous studies, we expect to find vari-
ation in the severity of these impacts across alien bird orders and geographic regions,
with impacts in Europe being generally minor. We also expect to find a lack of data
describing the socio-economic impacts of many alien bird species. By undertaking this
assessment, we aim to further our understanding of the global threat posed by alien
birds to human well-being and to identify knowledge gaps, directing future alien bird
impact studies. When combined with the recently produced global dataset on the
environmental impacts of alien birds (Evans et al. 2016), the data generated by this
study will form the first complete, global dataset on the impacts of alien species from
an entire taxonomic class.

Methods

Data

A list of 415 alien bird species with self-sustaining populations worldwide (i.e. estab-
lished breeding populations that can persist without further human intervention) was
taken from Evans et al. (2016). A review to identify literature on the socio-economic
impacts of these species was undertaken following the approach adopted in Evans et
al. (2016) as summarised in the Suppl. material 1: Appendix A. Using the information
gathered during the literature review, each alien bird species was allocated to one of
five SEICAT impact categories, depending on its most severe impacts to human well-
being. In order of severity, these categories are: Minimal Concern (MC), Minor (MN),
Moderate (MO), Major (MR) and Massive (MV).

The impact categories have been designed to reflect an increase in the order of
magnitude of a particular impact caused by an alien species to human well-being.
Impacts of MC do not affect human well-being; MN impacts make it difficult for
people to participate in their normal activities and individuals suffer in at least one
constituent of human well-being (e.g. security, material assets, health); MO impacts
result in a reduction in the size of an activity, with fewer people participating in it (e.g.
the partial abandonment of an activity); MR impacts result in the local disappearance
of an activity from all or part of an area invaded by an alien taxon (e.g. people switch
to other activities), but this impact is considered to be reversible within a decade if the
alien species is controlled or removed; MV impacts result in the local disappearance
of an activity and this change is likely to persist for at least a decade, even if the alien
species is controlled or removed.

A series of impact descriptions were used to guide the assessment process, as shown
in the Suppl. material 3: Table S1. As an example, on Easter Island, the chimango ca-
racara (Phalcoboenus chimango) feeds on insects on the backs of cattle and horses. This
feeding can damage the skin of the livestock, which reduces the value of the hides, and
results in lost income for livestock owners (Johnson et al. 1970). However, there is no
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evidence to show that this impact has resulted in a reduction in the number of people
buying and selling cattle and horses on Easter Island. As such, recorded impacts for the
chimango caracara match the impact description relating to MN under the SEICAT
guidelines (Bacher et al. (2018): see Suppl. material 3: Table S1). The scoring of impacts
was undertaken by one assessor (T.E.), and it is therefore possible that the results of the
assessment were influenced by subjectivity. However, the impact descriptions used to
guide the assessment process (Suppl. material 3: Table S1) have been developed in order
to minimise subjectivity. The impact descriptions are analogous to those used for the
IUCN EICAT protocol, which has been used by individual assessors to undertake glob-
al assessments of the environmental impacts of alien species (e.g. Canavan et al. 2019).

SEICAT does not include formal alien species impact mechanisms with which to
categorise the type of impacts caused by alien species: this is because any such mecha-
nisms are likely to vary depending on the impacting alien species and the people/com-
munities affected. For this assessment, and based on the findings of previous studies
(Shirley and Kark 2009; Kumschick and Nentwig 2010; Kumschick et al. 2013; Evans
etal. 2014), we identified six broad mechanisms through which alien birds may affect
human well-being: damage to agriculture (for example, by grazing and trampling on
growing crops or by spoiling harvested crops with droppings); damage to public fa-
cilities, buildings and utilities (for example, by spoiling public spaces and recreational
areas with droppings, damaging ornamental trees in public parks though herbivory,
and by nesting on buildings and pylons, which blocks gutters and causes power out-
ages); being a public nuisance (by being noisy, aggressive and spreading rubbish); pos-
ing a risk to aviation safety (through collisions with aircraft); transmitting diseases
to animals; and transmitting diseases to humans. To reflect any uncertainty over the
accuracy of the assessments, including the correct classification of an alien bird species
using the SEICAT impact categories, a confidence score of ‘High’, ‘Medium’ or ‘Low’
was allocated to each assessment using the EICAT guidelines (IUCN 2020) which are
also applicable to SEICAT assessments. For example, the data describing the impacts
caused by the Eurasian blackbird on the grape growing industry in Tasmania were
published and peer-reviewed, but the report expressed some uncertainty over whether
these impacts caused a reduction to the scale of grape growing operations on Tasmania
(Guiler 1989). Consequently, a confidence score of ‘Medium’ was allocated to the SEI-
CAT assessment for this species (see Probert et al. (2020) for a broader discussion on
the classification of uncertainties in EICAT and SEICAT). Where insufficient data was
available to assess the socio-economic impacts of an alien species, it was categorised as

Data Deficient (DD).

Analysis

Contingency table tests (unconditional exact tests: the FunChisq package (Zhong and
Song 2019)) were used to analyse the actual and expected distribution of: (i) the sever-
ity of impacts across alien bird orders and geographic regions; (ii) alien bird species that
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have and do not have reported socio-economic impacts, that also have and do not have
reported environmental impacts; and (iii) impact data availability across regional alien
bird species richness scores.

Regional alien bird species richness scores (the number of alien bird species with es-
tablished populations in a region) were calculated using the Global Avian Invasions At-
las (GAVIA: Dyer et al. 2017a). Analysis of regions was undertaken at the continental
scale using the following groups: Africa, Asia, Australasia, Europe, North and Central
America, South America and Oceanic Islands. Following Evans et al. (2016), due to the
relatively small size of our impact dataset, impact severity data were converted into a
two-level response variable: ‘less severe impacts’ being those categorised as MC or MN
under SEICAT, and ‘more severe impacts’ being those categorised as MO, MR or MV
(these three impact categories are analogous to the ‘harmful’ categories as described in
the IUCN EICAT guidelines (IUCN 2020)). We excluded the rock dove (Columba
livia) from our study, as there is some uncertainty as to the extent of its native and alien
range. All analyses were carried out in R version 3.5.3 (R Core Team 2019).

Results

We found 128 impact reports for 57 (14%) of the 415 bird species with self-sustaining
alien populations worldwide (see Suppl. material 2: Appendix B for a summary). These
57 species are from six orders of alien birds (Figure 1): Passeriformes (perching birds: 25
species, 44% of all species with impact data), Psittaciformes (parrots: 13, 23%), Galli-
formes (gamebirds: 9, 16%), Anseriformes (waterfowl: 5, 9%), Columbiformes (pigeons
and doves: 4, 7%) and Falconiformes (falcons and caracaras: 1, 2%). No impact data
were found for 358 species, which were categorised as Data Deficient (DD) under SEI-
CAT. Furthermore, no impact data were found for 20 of the 26 orders of birds contain-
ing species with self-sustaining alien populations worldwide: these 20 orders are there-
fore entirely DD. Impact data availability is randomly distributed across the six orders
for which impact data were available (unconditional exact test: chi-square value = 1.071,
degrees of freedom = 4, P = 0.841, estimate = 0.054) (Suppl. material 1: Table S2). There
are more alien bird species with reported socio-economic impacts that also have reported
environmental impacts than would be expected by chance (unconditional exact test:
chi-square value = 38.7, degrees of freedom = 1, P < 0.001, estimate = 0.305) (Table 1).

Several alien bird species were found to have equally severe impacts through more
than one impact mechanism: for example, the Canada goose consumes crops, fouls
public parks and poses a risk to aviation safety. The majority (98%) of the impacts
reported were classified as being ‘less severe’ (MC impacts = 9; MN impacts = 117),
with the remainder being classified as ‘more severe’ (MO impacts = 2; MR and MV
impacts = 0) (Figure 2). Impact magnitudes are randomly distributed across orders
(unconditional exact test: chi-square value = 0.214, degrees of freedom = 4, P = 0.958,
estimate = 0.041) (Suppl. material 3: Table S3).

Impacts on agriculture was the most frequently reported impact mechanism (83
impact reports, 65% of all reported impacts), followed by damage to public facilities,
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Figure 1. The number of alien bird species with recorded socio-economic impacts from each of six or-
ders. Pas: Passeriformes; Psi: Psittaciformes; Gal: Galliformes; Ans: Anseriformes; Col: Columbiformes;
Fal: Falconiformes. Total species with impacts = 57. A further 358 species were categorised as being Data
Deficient (DD) under SEICAT. % = proportion of bird species in each order with impact data.

Table I. Contingency table (unconditional exact test) showing actual and expected numbers of alien bird
species that have or do not have reported socio-economic impacts that also have or do not have reported
environmental impacts. Expected values are displayed in italics.

Alien bird species with reported  Alien bird species without reported ~ Total

environmental impacts environmental impacts (DD species)
Alien bird species with reported socio- 45 12 57
economic impacts 16.34 40.66
Alien bird species without reported socio- 74 284 358
economic impacts (DD species) 102.66 255.35
Total 119 296 415

Chi-square value = 38.7, degrees of freedom = 1, P < 0.001, estimate = 0.31.

buildings and utilities (26 impacts, 20%) (Figure 2). One report described disease
transmission impacts on animals; no reports were found describing disease transmis-
sion impacts on humans. Impact magnitudes are randomly distributed across impact
mechanisms (unconditional exact test: chi-square value = 0.922, degrees of freedom =
3, P = 0.66, estimate = 0.085) (Suppl. material 3: Table S4). Impact mechanisms are
non-randomly distributed across alien bird orders (unconditional exact test: chi-square
value = 31.7, degrees of freedom = 12, P = 0.003; estimate = 0.29): there are fewer par-
rot species with impacts on agriculture than would be expected by chance, and more
parrot and waterfowl species and fewer perching bird species with impacts on public
facilities, buildings and utilities than would be expected by chance (Table 2).



130 Thomas Evans et al. /| NeoBiota 62: 123—142 (2020)

120 100 50
o 1007 2 80 2 40
] g 2
g g g
E 80 E E
3 g 6 3 %
] 3 3
3 o 3 3
A 3 ® 3 © 3
: 3 40 - 5 20
g 404 2 3
£ 5 5
T ] |:| ] D
] . Ne— . O_
Agr  Fac  Nui

MC MN MO MR Mv Avi  DisA DisH Aus Isl  Eur NAm Asi  Afr SAm

Impact category Impact mechanism Region
Figure 2. The severity and type of socio-economic impacts caused by alien birds, and the regions in which
they are sustained. This figure shows the number of impact records for each of: (A) five impact categories;
(B) six impact mechanisms; and (C) seven regions of the world. MC: Minimal Concern; MN: Minor;
MO: Moderate; MR: Major; MV: Massive. Agr: Damage to agriculture; Fac: Damage to public facilidies,
buildings and utilities; Nui: public nuisance; Avi: risk to aviation safety; Dis A: transmission of diseases to
animals; Dis H: transmission of diseases to humans. Aus: Australasia; Isl: Oceanic Islands; Eur: Europe; N
Am: North (and Central) America; Asi: Asia; Afr: Africa; S Am: South America. Total impact reports = 128.

Table 2. Contingency table (unconditional exact test) showing actual and expected numbers of impact
allocations to each impact mechanism for each order of alien birds. Expected values are displayed in italics.
Data for impacts by Falconiformes and disease transmission were removed from the dataset for the test,
due to low sample sizes (one MN impact each).

Damage to agriculture ~ Damage to public facilities, Nuisance Aviation safety Total
buildings and utilities
Passeriformes 38 3 5 1 47
30.59 9.7 5.22 1.49
Psittaciformes 12 12 5 2 31
20.17 6.4 3.44 0.98
Galliformes 12 1 2 0 15
9.76 3.1 1.67 0.48
Anseriformes 10 8 2 1 21
13.67 4.33 2.33 0.67
Columbiformes 10 2 0 0 12
7.81 2.48 1.33 0.38
Total 82 26 14 4 126

Chi-square value = 31.7, degrees of freedom = 12, P = 0.003, estimate = 0.29.

The greatest number of impacts were recorded in Australasia (48 impacts, 38% of all
impacts), followed by Oceanic Islands (26 impacts, 20%). No impact data were found
for South America (Figure 2). Impact data availability is non-randomly distributed, given
regional alien species richness (unconditional exact test: chi-square value = 23.8, degrees of
freedom = 5, P < 0.001, estimate = 0.167), a result driven by the larger number of impact
reports for Australasia than would be expected by chance (Table 3). Impact magnitudes are
randomly distributed across regions (unconditional exact test: chi-square value = 0.208,
degrees of freedom = 5, P = 0.98, estimate = 0.04) (Suppl. material 3: Table S5). Impact
mechanisms are also randomly distributed across regions (chi-square value = 9.318, de-
grees of freedom = 15, P = 0.812, estimate = 0.156) (Suppl. material 3: Table S6).
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Table 3. Contingency table (unconditional exact test) showing actual and expected numbers of impact

reports and regional alien species richness scores. Expected values are displayed in italics.

No. of alien bird species (alien species richness) No. of impact reports Total

Africa 50 7 57
48.48 852

Asia 121 11 132
112.26 19.74

Australasia 99 48 147
125.02 21.98

Europe 112 20 132
112.26 19.74

North and Central America 156 16 172
146.28 25.72

Oceanic Islands 190 26 216
183.7 32.3

Total 728 128 856

Chi-square value = 23.8, degrees of freedom = 5, P < 0.001, estimate = 0.17.

The majority of recorded impacts were allocated a ‘Low’ confidence score (121
impacts, 95% of all impacts); five impacts were allocated a ‘Medium’ confidence score
and two were allocated a ‘High' confidence score. Confidence scores are randomly
distributed across impact mechanisms (unconditional exact test: chi-square value =
1.7, degrees of freedom = 6, P = 0.86, estimate = 0.082) (Suppl. material 3: Table S7).
Confidence scores are also randomly distributed across regions (chi-square value = 1.4,
degrees of freedom = 10, P = 0.98, estimate = 0.074) (Suppl. material 3: Table S8).
Confidence scores are non-randomly distributed across impact magnitudes (chi-square
value = 8.17, degrees of freedom = 2, P = 0.01, estimate = 0.206) (Suppl. material 3:
Table S9), with higher confidence being placed in impacts of higher magnitude.

Discussion

As far as we are aware, this study represents the first global assessment of the socio-eco-
nomic impacts of alien birds. Our literature search identified data on socio-economic
impacts for just 14% of the 415 alien bird species with self-sustaining populations
worldwide. This paucity of impact data reflects the findings of other studies on the
socio-economic impacts of alien species, including SEICAT assessments undertaken
for amphibians (Bacher et al. 2018; Measey et al. 2020) and gastropods (Kesner and
Kumschick 2018). Taken together, this suggests that the socio-economic impacts of
most alien species are unknown.

There are at least four reasons why we may lack data on the socio-economic impacts
of alien birds. First, some species may have, or be perceived to have, socio-economic
impacts that are minor and do not cause problems for human beings, and hence do
not warrant socio-economic impact research. Research on the environmental impacts
of alien species tends to focus on species that have the most damaging environmen-
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tal impacts (Pysek et al. 2008), and for alien birds, we are likely to lack data on the
environmental impacts of many species because their impacts are minor (Evans et al.
2018). If this is also true for alien species socio-economic impact research, the results
of this study suggest that the socio-economic impacts of alien birds are generally minor
and unlikely to pose a severe threat to human well-being.

Second, the impacts of some species may be going unnoticed because they oc-
cur in regions of the world with limited capacity to study their impacts or in remote
regions where those impacts are not easily recorded. Consistent with this hypothesis,
we find more data on the socio-economic impacts of alien birds in developed regions:
66% of impacts occur in Australasia, Europe and North America; 14% occur in Asia
and Africa; no impact data were found for South America (Figure 2). Of the 26 im-
pacts occurring on islands, approximately 70% relate to developed nations or overseas
territories thereof (e.g. Hawaii, New Caledonia, Bermuda, St Helena, Netherlands
Antilles). This pattern is also evident for alien bird environmental impact research
(Martin-Albarracin et al. 2015; Evans et al. 2018; Evans and Blackburn 2020), alien
amphibian impact research (Measey et al. 2020), and for alien species research more
generally (Bellard and Jeschke 2015), and suggests we may have much to learn about
the impacts of alien birds on human well-being in developing regions. This is of
concern as the impacts of alien species can be a major threat to human livelihoods in
developing countries, particularly by affecting agricultural production and hence food
security (Perrings 2005).

Third, the tendency for impacts to be recorded in developed regions may also
reflect the global distribution of alien bird species, which tends to show high species
richness in Europe, former European colonies such as the USA, Australia and New
Zealand, and economic hotspots such as Singapore, Hong Kong and Taiwan (Dyer et
al. 2017b). Nevertheless, Australasia has more impact reports deriving from the region
than would be expected by chance given the number of alien bird species established
there (the region also has many more impact reports than would be expected if alien
species richness is ignored) (Table 3). This suggests that impacts in Australasia may be
over-reported, lending support to our previous hypotheses that impacts are less fre-
quently reported in developing regions.

Fourth, research on socio-economic impacts may be biased towards species with
existing environmental impacts. Of the 57 alien bird species with reported socio-eco-
nomic impacts, approximately 80% (45) also have reported environmental impacts; of
the 358 species that are DD for socio-economic impacts, approximately 80% (284) are
also DD for environmental impacts (Table 1). This implies that in general, alien bird
species with environmental impacts have socio-economic impacts. Indeed, across taxa
(and regions), the environmental and socio-economic impacts of alien species are high-
ly correlated (Vila et al. 2010). If this is the case, predicting which species are likely to
have socio-economic impacts may be informed by determining whether they have en-
vironmental impacts. However, this result may also arise because alien bird species with
damaging environmental impacts are noticed and studied, and these assessments also
include a review of their socio-economic impacts. Indeed, several alien species impact
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scoring schemes require consideration of both the environmental and socio-economic
impacts (e.g. the Generic Impact Scoring System (GISS) (Nentwig et al. 2016), Har-
monia+ (D hondt et al. 2014) and the UK risk assessment scheme for all non-native
species (Baker et al. 2008)). If this is true, the impacts of alien bird species that have
socio-economic impacts, but do not have environmental impacts, may be going unno-
ticed (the fact that there are more data on environmental than socio-economic impacts
suggests this direction of causation, rather than vice versa). This may be why the same
five orders that account for 90% of species with environmental impact data (Evans et
al. 2016) also account for almost 90% of species with socio-economic impact data.

The socio-economic impacts of alien birds are generally minor (Figure 2), with all
but two of the 128 recorded impacts being either MC (i.e. no deleterious impact was
identified) or MN (i.e. whilst the impacts of an alien bird may make it difficult for hu-
mans to participate in an activity, they did not lead to a decline in the size of an activity).
Two species were found to have MO impacts. First, frugivory by the Eurasian blackbird
contributed to the decline of the small-fruit growing industry across Tasmania in the
1800s (Guiler 1989). Second, a collision with a flock of common starlings at Boston
Airport in 1960 resulted in an aeroplane crash that killed 62 people (Dolbeer 2013).
Although this event is unlikely to have caused a reduction in aviation activities and air-
line passenger numbers in the USA, under SEICAT, any impact resulting in a human
fatality automatically qualifies as an MO impact (see Suppl. material 1: Table S1).

The prevalence of MC and MN impacts may support our hypothesis that we lack
impact data for many alien bird species because their socio-economic impacts are neg-
ligible and do not attract research. However, a ‘Low’ confidence score was assigned
to0 95% of SEICAT alien bird impact assessments because, whilst adequate data were
available to ascertain that an alien bird was exerting an impact, there were inadequate
data to determine how severely this impact affected human well-being (in particular,
to distinguish between an MN impact (where an alien bird makes an activity difficult)
and an MO impact (where it causes a decline in the population participating in an
activity)). This may be because whilst these studies identified socio-economic impacts,
they did not go on to quantify how they affected the scale of the impacted activities.
For example, by eating rice grown for duck feed, the Eurasian tree sparrow (Passer mon-
tanus) causes economic losses for duck farmers in the Philippines (Libay et al. 1983).
Whilst empirical evidence is available to confidently determine that the sparrows cause
economic losses (an MN impact under SEICAT), there is inadequate information to
determine whether these impacts have resulted in some people abandoning duck farm-
ing activities in the region (an MO impact). Consequently, rice predation by sparrows
on duck farming in the Philippines is classified as an MN impact with a ‘Low’ con-
fidence score. SEICAT is a new framework that requires specific data on the level of
impact on human activities, which as yet is unavailable for many alien bird impacts.
The adoption of SEICAT may therefore foster a broader approach to future alien spe-
cies socio-economic impact assessments, which will not only describe impacts, but also
consider their wider implications for human well-being. We recommend that future
studies on the socio-economic impacts of alien species go beyond the identification
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of impacts, by attempting to quantify how these impacts reduce the scale of affected
activities. We also recommend that these assessments are not based on anecdotal evi-
dence, as this would most likely improve the level of confidence allocated to future
SEICAT assessments.

From the data that are currently available, the most severe impacts on human well-
being caused by alien birds are associated with aviation safety (an air strike with a flock
of common starlings having caused the deadliest bird-induced plane crash in history
(Dolbeer 2013)). Collisions with birds (both native and alien) have resulted in the loss
of at least 190 lives and 52 aircraft, and cost the global aviation industry approximately
US$ 1.2 billion/year (€ 1.1 billion/year) in damage and delays (Allan 2000). Three
alien bird species continue to be adjudged to pose a significant threat to aviation safety:
the Canada goose, rose-ringed parakeet and common starling. Of these species, the
Canada goose may represent the most serious threat, due to its large body size, flocking
nature and attraction to managed grasslands as found at airports (Bradbeer et al. 2017).
It is present in large numbers at Heathrow Airport in the UK, where it has caused at
least one serious safety incident: in 1998, a Boeing 767 collided with a flock of Canada
geese when coming in to land, damaging the nose, wing and left engine of the plane
(Civil Aviation Authority, no date). In its native range in North America, air strikes
with Canada geese have caused several serious safety incidents, including a crash in
which 24 people died (Bradbeer et al. 2017) and an emergency landing on the Hudson
River in New York City (Marra et al. 2009; Dolbeer 2011). The rose-ringed parakeet
is also present at Heathrow Airport: between 2005 and 2006, three of the 98 reported
airstrikes at the airport involved this species (Avery and Shiels 2017). The common
starling poses a growing threat to aviation safety across the USA: between 1990 and
2001, there were 852 reported strikes that involved common starlings, and over that
time-period the annual strike rate more than doubled. Together with airstrikes involv-
ing native blackbird species, these incidents cost approximately US$ 1.6 million (€ 1.4
million), although damage to aircraft was only reported in approximately 6% of strikes
(Barras et al. 2003). Alien birds may continue to contribute disproportionately to bird
strikes because of their greater tendency to be found in anthropogenic environments,
in both their native and alien ranges (Cardador and Blackburn 2019).

Impacts on agriculture account for approximately two-thirds of all recorded im-
pacts (Figure 2). Nearly 40% of these impacts occur in Australasia. This may be for
a number of reasons: Australia and New Zealand are developed countries with the
capacity to undertake and publish research on the impacts of alien species; both coun-
tries have been subject to many deliberate alien bird introductions (McDowall 1994;
Dyer et al. 2017a), including several frugivorous species (e.g. common myna, common
starling, Eurasian blackbird, house sparrow); and both countries have economically
important fruit-growing industries that have been affected by pest birds (Tracey et al.
2007). Damage to the fruit-growing industry in Australia is estimated to cost AU$ 300
million (€ 180 million) annually. Together, these reasons may explain why there are
many more impact reports than would be expected by chance in Australasia, given its
alien species richness score (Table 3). However, this impact is not caused by alien birds
alone, as more than 60 bird species (the majority being native) are known agricultural
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pests in Australia (Tracey et al. 2007). While these agricultural impacts may be finan-
cially costly, there is little evidence to indicate that they reduce the scale of agricultural
activities in Australia (or have done recently, at least; Guiler 1989). Thus the large
financial losses that may be incurred only rate as a Minor (MN) impact under SEICAT.

There are few data on the spread of diseases by alien birds and the subsequent
socio-economic impacts (Figure 2) or environmental impacts (Evans et al. 2016). This
may be because disease assessments are complex: it is often difficult to confirm whether
a specific species has transmitted a disease (see Tompkins and Jakob-Hoff 2011), al-
though exotic parakeets kept as pets in the UK were associated with disease scares that
may have contributed to their unplanned introduction (Heald et al. 2019). Almost
half of the 26 impacts on public facilities are generated by parrot species (Table 2). This
is likely to be because parrots often possess high levels of urban tolerance (Maklakov
et al. 2011), facilitating their establishment in urban areas (e.g. Diamond and Ross
(2019)). This may explain the general prevalence of parrot species in our dataset (Fig-
ure 1). Examples include the monk parakeet (see Introduction); the sulphur-crested
cockatoo (Cacatua galerita) and Alexandrine parakeet (Psittacula eupatria) which dam-
age ornamental trees in public parks in Australia and Iran, respectively (Khaleghizadeh
2004; Department of Environment and Conservation 2009); the rose-ringed parakeet
which disturbs residents and tourists on Hawaii with its loud calls (Shiels and Kalodi-
mos 2019); and the long-billed corella (Cacatua tenuirostris) and little corella (Cacatua
sanguinea) which damage grass sports pitches in Western Australia (Department of
Environment and Conservation 2009). The prevalence of waterfowl species with im-
pacts on public facilities (Table 2) is primarily caused by the Canada goose, which has
a rapidly expanding population across northwest Europe (Banks et al. 2008), where it
fouls public spaces such as parks, sports pitches and swimming ponds with droppings
(see van Haam et al. 2013).

We have more confidence in the accuracy of SEICAT assessments where the im-
pacts on human well-being are more severe (Suppl. material 3: Table S§9). This may be
because one of the two ‘more severe’ impacts in our dataset resulted in human fatali-
ties which meant it automatically qualified as an MO impact, and was thus assigned a
‘High’ confidence score. As there are only two ‘more severe’ impacts in our dataset, we
do not place much emphasis on this result.

Conclusions

This study represents the first large-scale application of the SEICAT protocol, and the
first global assessment of the socio-economic impacts of alien birds. It demonstrates
that SEICAT can be used effectively to quantify and categorise the impacts of alien
species on human well-being. The most significant problem encountered during this
assessment was a lack of impact data: we only know about the socio-economic impacts
of a small proportion of the alien birds with self-sustaining populations worldwide.
This study may therefore help to focus research regarding the impacts of alien birds on
human well-being, particularly in developing regions of the world, where impact data
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are scarce. Birds are well-studied in comparison to many other taxonomic groups, and
thus the problem of data paucity may extend to SEICAT assessments for other groups
yet to be assessed, such as invertebrates. Nevertheless, completion of these assessments
would reveal the global taxonomic distribution of impact data availability (see Evans
and Blackburn 2020), and hence inform future socio-economic impact research.

SEICAT is a new framework, requiring data on the way in which alien species af-
fect human well-being, as measured by changes to human activities: even where we do
have data describing an alien bird impact, data on how profoundly this impact affects
people’s activities are often unavailable. As a result, the confidence assigned to most
SEICAT classifications is ‘Low’. The adoption of SEICAT may encourage a more ho-
listic approach to future socio-economic impact assessments which not only describe
impacts, but also consider their wider implications for human well-being,.
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