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44.1 Introduction

Citizen science, broadly defined as cooperation between a range
of experts and amateurs, involving some sort of public engage-
ment, education and data collection (Jordan et al., 2015), is rap-
idly expanding our knowledge of biodiversity across multiple
taxa (Silvertown, 2009; Dickinson et al., 2012), and is useful for
planning and implementing conservation strategies (Danielsen
et al., 2014). Thanks to citizen science data, the temporal and
spatial scales of ecological questions being addressed are be-
coming refined. However, there is frequently a gap between the
scale of data collection and the potential for conservation-
oriented policies (Pocock et al., 2018). The study and manage-
ment of exotic and invasive birds is generally one of small scale,
and targeted responses are necessary. Citizen scientists are
readily being used as sentinels in a variety of projects aimed at
studying invasive species (Theobald ez al., 2015). Table 44.1
provides some selected examples of such projects, including
cane toads Rhinella marina, Mediterranean geckos Hemidactylus
turcicus and invasive plants.

Ornithological research has long-relied on citizen scien-
tists to enhance our knowledge of the ecology and life history of
our native avifauna. Some of the longest-running citizen sci-
ence projects are, indeed, bird focused, such as the Christmas
Bird Count or Breeding Bird Surveys in Britain (Risely ef al.,
2010) and North America (Sauer ef al., 2014), or bird atlassing
(e.g. southern Africa; SABAP2, 2019). These projects have
added to our general understanding of the distribution and
population trends of many bird species, including exotic birds.
Many opportunistic observations made by non-professional
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ornithologists are frequently used in the study of exotic birds.
For example, Thibault et al. (2018) relied in part on opportun-
istic observations of the Red-vented Bulbul (Pycnonotus cafer)
in a recent review of the potential impacts of this species. While
this type of informal use of citizen scientists has traditionally
been utilized in the study of exotic birds, citizen science is now
‘mainstream’ (Theobald et al., 2015). With a few exceptions
(e.g. Brooks, 2013; Conn et al., 2017), the formal application of
citizen science to exotic and invasive bird management has been
relatively unexplored and is currently being underutilized.

In this chapter, we highlight the current usage of citizen
science in furthering our knowledge of exotic and invasive bird
populations. To do this, we split citizen science projects aimed
at studying and tracking exotic birds into two categories:
(i) those that are part of a broad-scale biodiversity collection
scheme; and (ii) those that are species’ focused. We summarize
some of the current literature that integrates citizen science
data and the effects, management and implications of intro-
duced birds. We rely on select examples to highlight the poten-
tial of citizen science aimed at gathering various types of
information about exotic birds and conclude by discussing a
vision for the future of citizen science aimed at studying exotic
birds.

44.2 Citizen Science and Invasive Birds

The potential impacts of non-native birds (Temple, 1992;
Baker et al., 2014) and the rise of ‘invasive species denialism’
(Russell and Blackburn, 2017) highlight the critical necessity of
better understanding the role of introduced birds and their
impacts. The impacts of invasive birds, in particular, are
frequently debated, but indeed contribute to global biotic
homogenization (McKinney and Lockwood, 1999) and are
potentially a major threat on islands (Sax and Gaines, 2008; for
further reviews, see the relevant chapters in this volume). In a
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Table 44.1. Select examples of citizen science projects aimed at tracking invasive species populations.

Selected example Description

Reference

GeckoWatch
House Gecko in the USA
iMaplnvasives

A project aiming to map the fine-scale distribution of Mediterranean

A broad project aiming to share information about location, search

hitps://nhm.org/community-
science-nhm/geckowatch
www.imapinvasives.org/

efforts and treatment outcomes of invasives. Largely focused on

plants
Texaslnvasives.org

A broad portal aimed at distributing information on invasive species

https://texasinvasives.org/

across taxa and enlisting citizen scientists’ help

FeralScan

An Australian citizen science project aimed at collecting information

www.feralscan.org.au/

on Australia’s pest species, including fox, cat, pig, cane toad, and

Common Myna and European Starling

A two-part citizen science project which first had participants fill
out an online survey about their pet cats, and then had volunteers
allow their cats to be GPS tracked, gaining knowledge about cat

Cat Tracker Australia

behaviour in the urban environment
Texas Invasive Bird

Project in the state of Texas

Evaluates status of six species of invasive or introduced birds

https://biocollect.ala.org.au/
acsa/project/index/ffa9440e-
b2a0-4b89-9545-
929503c750dc

www.hmns.org/invasivebirds

world of climate change, sea-level rise and a myriad of other
ecological threats, monitoring of invasive bird species generally
receives little attention. Of the top 100 of the world’s worst
alien species, only three are birds: the Common Myna
(Acridotheres tristis), Red-vented Bulbul and Common Starling
(Sturnus vulgaris) (Lowe et al., 2000). This is potentially indica-
tive not only of the minimal impacts introduced birds can have
on their ecosystem compared with other taxa but also perhaps
of the lack of knowledge on the impacts that introduced birds
have on their novel environment. Furthermore, these effects
may be rather local in spatial scale, and potentially undetected
in broad-scale studies. Frequently, even the most basic infor-
mation (e.g. life history, breeding biology, phenology, and posi-
tive or negative interactions with local avifauna) are lacking for
introduced species in their introduced range.

44.2.1 Current usage of citizen science

in invasive bird research

Citizen science projects vary in their design, objectives and par-
ticipation. Citizen science projects can be structured or un-
structured, with a continuum between these two delineations
(Welvaert and Caley, 2016). Similarly, citizen science projects
that have furthered the knowledge of introduced birds can be
delineated into two types: (i) the use of broad-scale citizen sci-
ence data, generally from an already-existing, broader-scoped
project; and (ii) the use of targeted citizen science projects, fo-
cused on a specific taxon or geographical extent. We describe
both below.

Use of broad-scale citizen science
data to study exotic birds

Ornithology, perhaps more than any other taxon-driven sci-
ence, has greatly benefited from citizen science. Indeed, one of
the longest-running citizen science projects, the Christmas

Bird Count (National Audubon Society, 2012), centres around
counting birds annually. These types of data have been used to
help understand the effects of Common Starlings on cavity-
nesting species (Koenig, 2003) and to help elucidate trends in
exotic species, such as the recent range expansion by the
Eurasian Tree Sparrow (Passer montanus) in North America
(Burnett et al., 2017) and the Eurasian Collared-dove (Strepto-
pelia decaocto) in Florida (Romagosa and Labisky, 2000).

More recently, broad-scale citizen science data are revolu-
tionizing ecology, providing spatial and temporal scales un-
imaginable mere decades ago (Pocock et al., 2018). These data
refer to spatiotemporal coordinates of observations of a given
species. Examples of broad-scale citizen science projects in-
clude iNaturalist (an app used to collect data on all taxa; iNat-
uralist.org, 2018), GBIF (an aggregator providing data from a
variety of sources; www.gbif.org/) and eBird (a bird-specific,
semi-structured project relying on birdwatchers submitting
their observations; Sullivan et al., 2014). Data collected from
these databases can be used to track the status of specific species
in a simple fashion, monitoring trends over time (e.g. Callaghan
and Brooks, 2017), or provide opportunistic observations of
where a species occurs (e.g. Thibault et al., 2018). Given a rea-
sonable temporal scale, these data can provide detailed infor-
mation on the spread of an invasive species, habitat associations
and effects on other species (Bonter et al., 2010). Bonter ¢t al.
(2010) relied on citizen science data to investigate the coloniza-
tion of the Eurasian Collared-dove throughout the USA,
finding that this species was more likely to occur in landscapes
that had been highly modified by human activity, and that it
apparently had minimal impacts on site-level abundance of
other dove species. However, these are broad macroecological
patterns, potentially not revealing local-level impacts of this
species.

Studies relying on broad-scale citizen science data need
not be species specific. For instance, one can confirm the pat-
terns of exotic species abundance, diversity and richness in
relation to their environment (e.g. Blair, 1996; Brooks and
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Page, 2012), contrasting this with patterns of native abundance,
diversity and richness (C.T. Callaghan et al., unpublished
data). These types of studies can help by demonstrating exotic
diversity ‘hotspots’ for birds, potentially helpful in high-
lighting areas where further, more detailed research should be
carried out.

Another example of the benefits of broad-scale citizen
science projects is relying on citizen scientists to monitor in-
vasive species, alerting government officials on the first pres-
ence of a species, whether it be a new location or not (BirdLife
International, 2015). This has helped to eradicate the Ruddy
Duck (Oxyura jamaicensis) in the UK and has helped collect
data on exotic geese species to help inform eradication and
management efforts (see Chapters 27 and 28, this volume).
The use of citizen scientists to detect, monitor and report
invasive species has been successful with other taxa, such as
plants (Gallo and Waitt, 2011; Mannino and Balistreri,
2018).

Despite the potential for these data to help inform
exotic/invasive bird species management, there are several
concerns that researchers should be aware of. First, there are
several spatial and temporal biases associated with broad-
scale biodiversity data that researchers need to account for in
their study design if intending to use these data (Boakes
etal., 2010). Second, there are biases associated with the sub-
mission of exotic species reports, in particular, to some
citizen science projects. In a survey of 804 respondents of the
birding community (Callaghan, 2017), 68% of the respond-
ents submitted their sightings to eBird. Of these, only 53%
reported all exotic bird species, 36% reported only those
exotic species that are ‘countable’ on their life lists (defined
by the American Birding Association) and 11% did not re-
port any exotic birds to eBird. These results suggest that
people intending to use these datasets to gather information
need to assume that they may be incomplete records when
compared with native species. Furthermore, these data are
rather limiting, generally restricted to biodiversity occur-
rence. The values of these data are predominantly focused on
where species occur in their environments, and the range in
which they occur, neglecting potential behavioural, eco-
logical and life history components.

There are important considerations necessary before in-
vestigating the effects of non-native bird species, based on data
derived from broad-scale citizen science projects:

1. A researcher should understand the limitations of using
these types of data, generally restricted to presence-only data,
but can demonstrate correlative associations with habitat and
interspecific interactions.

2. A researcher should also be aware of the spatial (more sight-
ings near human populations and from Anglophone countries)
and temporal (more sightings in recent years and potential
intra-annual variability) biases. At the least, analyses should ac-
count for these different levels of effort, both spatially and
temporally.

3. A researcher should focus on making the results published
from any data relying on citizen scientists available to the same
individuals who made it possible.

Targeted citizen science projects

Contrasting with the use of broad-scale citizen science projects
are targeted citizen science projects focused on a small set of taxa,
or a specific taxon. Given that exotic birds generally make up a
small proportion of the local avifauna, these are, by definition,
targeted. They are aided by a social media push to inform parti-
cipants of the goals of the project and can take a variety of forms.

For example, the Houston Museum of Natural Science
has been working on a variety of local exotic species, relying on
the public’s input and participation (Texas Invasive Bird
Project, 2018). For instance, we have used a variety of means to
distribute forms to birdwatchers and interested members of
the public to better understand the occurrence and ecology
of introduced birds. From this, we now know specific aspects of
ecology, behaviour and reproductive biology for species such
as the Red-vented bulbul (Brooks, 2013; see Chapter 5, this
volume), Egyptian Goose (Alopochen aegyptiaca; Callaghan
and Brooks, 2016, 2017), Scaly-breasted Munia (Lonchura
punctulata) and other small granivores (Brooks and Page, 2012;
Conn et al., 2017; see Chapters 21 and 22, this volume). These
projects extend the broad-scale biodiversity data (see above)
and rely on detailed questionnaires to assess various unknown
aspects of exotic bird biology. For example, questions asked
include a description of the habitat where the bird was seen,
whether breeding was documented, whether any positive or
negative interspecific interactions were observed and whether
supplementary feeding was observed. Not all questions are ne-
cessarily applicable for all species. Respondents frequently
send in photos, which aid in interpreting the results.

The following steps should be considered before imple-
menting a targeted citizen science project aimed at exotic birds.
Much work has been aimed at providing guidelines for the
implementation of citizen science projects (e.g. https://ecsa.
citizen-science.net/blog/collection-citizen-science-guide-
lines-and-publications, accessed 15 November 2019), but the
following steps are detailed from our own experience and are
aimed at exotic bird research in particular:

1. A researcher should first investigate whether a detailed
citizen science research project is already under way on a po-
tential species of interest, helping to reduce the number of
citizen science projects made available to potential volunteers
(Bonney et al., 2014).

2. The species in question should be relatively abundant,
where you would expect a reasonable number of responses. For
instance, if an exotic species is only present in small numbers,
then the likelihood of participants encountering it would be
low, diminishing the chances of data being collected.

3. However, the species should be not so far established (e.g.
House Sparrow, Common Starling) that there is: (i) already
well-known data on these instances; and (ii) that management/
control of the population is not viable.

4. We recommend ground-truthing 10-15% of the observa-
tions. This involves visiting the location that respondents are
reporting and: (i) checking for the presence of the exotic
species; (ii) checking that the habitat descriptions match; and
(iii) generally making sure that the reports make sense.
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5. Be sure to publish results in due course and share these re-
sults with the broader citizen science network. It is important
to identify the milestones that have been completed to the
participants.

44.2.2 The potential of citizen science
in invasive bird research

So far, we have highlighted some previous research that has re-
lied on citizen science to investigate the ecology and diversity
of exotic birds and delineated the overlap between citizen sci-
ence and exotic bird research into two categories. But how
much potential is there to rely on citizen scientists in enhancing
our knowledge of exotic birds in the future?

Amateur birders have incredibly acute knowledge of local
natural history that is often overlooked by ‘professional’ orni-
thologists (Callaghan et al., 2018). Regarding exotic birds,
many birders do enjoy watching and observing them (86%;
Callaghan, 2017). As many as 57% of respondents to a survey
about exotic birds said that they had travelled specifically to a
location to see an exotic bird. As exotic bird populations con-
tinue to increase, so does the popularity in birding globally, and
most birders are armed with cameras and recording equip-
ment. This suggests that there is potential for birders to sub-
stantially contribute to the future study of exotic/invasive
species. Indeed, ‘unnatural history’ (Callaghan et al., 2018)
could play a crucial role in future monitoring of potential nega-
tive impacts of introduced birds on native ecosystem functions.
For instance, interactions between introduced and native spe-
cies can and should be documented and published in scientific
literature —and this published literature, even if only published
in local or regional journals, should be made available to the
greater ornithological community. Too frequently, potential
impacts of exotic birds are labelled anecdotal and speculative
but have been observed (Mo, 2015). These can be captured in
short research notes with relative ease. This is most likely to
occur through increased connection between amateur and pro-
fessional ornithologists.

Given that one of the largest concerns with invasive birds
is that of economic concerns, we are surprised that we could
not find any targeted citizen science projects aimed at docu-
menting economic effects of invasive birds, such as projects
that enlist volunteers to monitor crop damage by exotic species
or nesting species on telephone poles. Indeed, we envision this
as a particularly important area to be explored. With some fore-
sight, researchers could design studies that aim to monitor dif-
ferent economic aspects of exotic birds.

Another major threat of introduced birds is genetic
swamping of native species (Huxel, 1999). For instance, the na-
tive American Black Duck (Anas rubripes) has become genetic-
ally more similar to the Mallard (Anas platyrhynchos) because of
hybridization with introduced domestic types (Mank et al.,
2004), and a similar scenario has occurred in the White-headed
Duck (Oxyura leucocephala) because of the introduced Ruddy
Duck in Europe (Mufioz-Fuentes et al., 2007). Relatively little
attention has been paid to the potential for citizen science to
track hybridization of introduced species with native species,
but we hypothesize this is a potential avenue of future citizen
science projects, especially with a revolution in genetics
(Allendorf et al., 2010) and a willingness of the public to collect
feathers for science (e.g. Brandis, 2016).

44.3 The Future of Citizen Science
and Invasive Bird Research

The public, apart from birders, are often unaware of what birds
are native and non-native. But birds are appreciated by the
non-scientific public (Cocker et al., 2013), and invasive birds
are the least supported for eradication and control programmes
of all taxa (Bremmer and Park, 2007). We hypothesize that an
added benefit of introducing targeted citizen science pro-
grammes aimed at better understanding non-native birds could
be increased understanding on the potential impacts of exotic
birds, if any. Indeed, people with prior knowledge of control
and eradication programmes are more likely to support control
programmes (Bremmer and Park, 2007), suggesting that in-
creased knowledge could benefit management of exotic and in-
vasive bird populations. With other taxa, such as plants (Jordan
et al., 2011), citizen science programmes have been shown to
translate into knowledge gain and behavioural change by the
participants (Jordan et al., 2011).

Citizen science projects are continuing to increase in their
prevalence but are currently being underutilized in invasive bird
research. Many populations of exotic species are relatively ‘new’;
as you will see in the preceding book chapters in this volume,
documented negative interactions between exotic and native
species are generally lacking. We believe this gap can potentially
be filled by citizen scientists. Ultimately, professional ornitholo-
gists need to better communicate with amateur ornithologists,
recognizing their knowledge of local natural history, including
the role that exotic birds play in their introduced ecosystem.
Both broad-scale citizen science data and targeted citizen sci-
ence projects can play an important role in furthering our
understanding of the role of exotic birds in the environment.
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