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42.1 Introduction

Competition between birds can influence species’ access to
resources, altering species persistence within an environment
and ultimately community structure. However, predicting where
and when invasive species significantly compete with native spe-
cies can be challenging due to a lack of information on interspe-
cies interactions around resources in different environments.
The extent to which critical resources, such as habitat space, ter-
ritories, nesting sites and food, vary across different environ-
ments changes levels of competition and makes the importance
of invasive—native species competition context specific. In order
to better understand how competition between invasive and
native species impacts invaded communities, it is important to
identify critical resources, the species interacting over the
resource and the functional traits that influence interaction
frequency and outcome. Such an approach will allow a more
mechanistic understanding of competition at the community
level and facilitate better predictions of invasive bird impacts.

42.2 Competition as a Key Factor

Competitive interactions within bird communities can influence
species access to resources and ultimately structure community
composition at landscape scales (Minot and Perrins, 1986; Alatalo
and Moreno, 1987; Montague-Drake ez al., 2011; Farwell and
Marzluff, 2013; Peck et al., 2014). In global assessments of invasive
bird impacts, competition between invasive and native birds is gen-
erally considered to be of little ecological importance relative to
other impacts such as predation and disease transmission

*Corresponding author: a.munro.rogers@gmail.com

© CAB International 2020. Invasive Birds: Global Trends and Impacts (eds C.T. Downs and L.A. Hart)

(Blackburn et al., 2009). However, increasingly, studies have shown
that invasive species can significantly impact native species through
competitive interactions, especially when species are competing
over resources critical to breeding such as nest sites and breeding
territories (Ingold, 1998; Ghilain and Belisle, 2008; Brazill-Boast
et al., 2010; Yosef et al., 2016). While invasive—native competition
and aggression are often invoked as the mechanism driving patterns
of reduced species richness or changes in breeding dynamics (e.g.
nest site choice and breeding success), the mechanism of that com-
petition is rarely quantified. Furthermore, much more work needs
to be done on how competition is likely to vary in different land-
scapes or across different communities, as competitive interactions
will often occur alongside other environmental changes, changing
the relative importance of competitive impacts (Grarock et al. 2012).

Some of the best examples of significant competition in
birds occur where species require the same critical resources
(e.g. foraging space, breeding sites or territories) (Rusterholz,
1981; Remm ez al., 2008; Menchetti and Mori, 2014; Sanz-
Aguilar et al., 2015). However, identifying the form of the
competitive impacts (e.g. direct aggression or more efficient re-
source exploitation; Griffin ez a/., 2012) for each member of an
invaded community requires data on interspecies interactions
among all species that require that resource. These interactions
are often hard to observe, as they may occur infrequently or be
habitat specific (e.g. for cavity-nesting species, interactions
often occur high in tree canopies around tree hollows) (Davis,
2003; Kéfi ez al., 2015). Novel use of technology and large
spatial databases on species occurrence provide opportun-
ities to explore competition and the patterns it creates in
community structure. For example, Davis ez a/. (2013) used re-
mote motion-activated camera traps to monitor birds and other
species visiting nesting sites in tree hollows, demonstrating
high levels of aggressive interactions around urban tree hollows
and revealing the extent to which aggression is a driver of com-
petition for a limited resource in woodland fragments in
Sydney, Australia. At broader spatial scales, Cooper et al. (2007)
found significant evidence of competition between introduced
House Finches (Haemorhous mexicanus) and native House
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Sparrows (Passer domesticus) in the North American Christmas
bird counts. As more landscape-scale databases on bird pres-
ence continue to grow with the aid of citizen science, more
opportunities to explore individual species trends and test the
importance of competition and its drivers at the species and
community levels will be possible (Joyce ez al., 2018).

Recent work has shown the importance of quantifying in-
vasive species impacts on whole communities (Hui et al., 2016;
Hui and Richardson, 2019). Where invasive—native interactions
have been mapped at the community level, complex interaction
graphical representations or webs have revealed both direct
and indirect competitive interactions, with important implica-
tions for invasive species management (Orchan et al., 2013;
Goldshtein er al., 2018). Describing the community-wide
interaction network (where species are represented as nodes
and connected by pairwise interactions or links between nodes;
Fath ez al., 2007) is critical for managing invaded communities
to avoid perverse outcomes and optimally achieve efforts to
mitigate invasive species impacts, especially in communities
with multiple invasive species (Bode ¢r al., 2015). For example,
Orchan ez al. (2013) found in the cavity breeding bird commu-
nity (invaded by multiple invasive species) in a large urban park
in Israel, that managing the invasive Common Myna (Acrido-
theres tristis) alone could lead to the competitive release of a se-
cond invasive species, the Venus-breasted Starling (Acridotheres
burmannicus), which was more dominant over the native Syrian
Woodpecker (Dendrocopos syriacus). In a study of interspecies
fighting around bird feeders across North America, Miller ez a/.
(2017) described the dominance hierarchy over food resources.
This hierarchy revealed that, while the competitive dominance
of species in general was predicted by larger body mass, some
species were notable outliers that were more aggressively dom-
inant than would be predicted by functional traits alone. In
these studies, species interactions and functional traits were
quantified at the community level and revealed more complex
relationships between species than would have been found in
studies of single species or species pairs.

In global assessments of invasive—native bird impacts,
there is relatively little information on most invasive bird inter-
actions with local species, and very few examples (relative to the
number of introductions) of direct impacts of a species on
native populations (Blackburn ez al., 2009; Baker et al., 2014;
Evans et al., 2016). Where impacts do occur, they are often the
result of competition. Impacts from predation are considered
more significant but are less common (Blackburn ez al., 2009;
Batalha ez al., 2013). The lack of data on interspecies inter-
actions is a limiting factor in assessing the global importance
of invasive—native competition and hampers predictions of
where significant impacts are likely to occur. Invasive species do
not always significantly compete with native species where re-
sources are not limited, or where there are differences in habitat
preference (e.g. native species avoiding heavily modified envir-
onments that are often favoured by introduced species), or
when a species can shift resources use (even slight differences
in food preferences or foraging strategy, allowing species to re-
duce levels of competition) (Griffin ez al., 2012; Batalha et al.,
2013). Even where competitive impacts have been identified for
an invasive species in one part of its invasive range, it is often
hard to generalize these impacts across their global invasive

range. For example, the Common or European Starling
(Sturnus vulgaris) is invasive and widespread in both North
America and Australia (among other regions), yet a lack of re-
search focus on the drivers of competition in North America
and a lack of interaction data in Australia make generalizations
about its impacts globally uncertain. The impacts of this spe-
cies across North America (mostly competition for nesting sites
with other cavity-nesting species) varies significantly based on
the local community and the habitat type invaded (Koenig,
2003; Linz er al., 2007). Similar variation is likely within and
between continents, and more information on competitive
interactions between starlings and native Australian bird spe-
cies (as well as other cavity-dependent wildlife) from across its
Australian range would provide a better context for under-
standing the potential impact across its global distribution.

Other factors that are likely to change interspecies inter-
actions and therefore competitive impacts include invasive
species abundance, environmental variation in resources, and
the fluctuation in resource abundance or importance over time
(Parker er al., 1999; Fogarty et al., 2011; Grarock et al., 2013;
Simberloff ez al., 2013). These factors are likely to be espe-
cially important for understanding when invasive impacts are
likely, in turn allowing conservation managers to work in a
more informed and targeted way rather than relying on the
precautionary principle to justify management actions, such as
invasive species control. Accounting for competitive inter-
actions and the factors that influence them is especially im-
portant for the management of communities with multiple
invasive species and where the impacts of management are un-
certain (Bode et al., 2015; Baker et al., 2018). Therefore, in
order to generate a more mechanistic understanding (incorp-
oration of physiological ecology and ecomorphology into ana-
lysis of community ecology) (Schoener, 1986) of invasive bird
competitive impacts, data must be collected on resource use,
interacting species, the strength of those interactions, the
functional traits related to resource use and the context in
which the impacts occur. Such an approach will improve as-
sessments of how invasive species change community-wide
interactions and allow predictions of where and when invasive
species are likely to significantly compete with native species
(Dick et al., 2014).

42.3 A Framework for Assessing Species
Interactions

To help include interactions into invasion studies and manage-
ment for birds, we present a simple framework that outlines the
steps required to map interactions and their drivers (Fig. 42.1).
Such an approach will improve information on invasive species
impacts on individual species as well as on communities
(Rusterholz, 1981; Romanuk ez al., 2009; Green et al., 2018), and
will allow improved predictions of invasive species impacts be-
yond the immediate study area usually covered by invasive spe-
cies studies. In particular, it is important to: (i) identify resources;
(i1) identify the actors interacting around resources and the func-
tional traits of those actors; (iii) identify all the relationships be-
tween interacting species; (iv) map the direction, strength and
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Fig. 42.1. By taking species interactions into account when evaluating the importance of competition, impacts on specific species
can more easily be identified and targeted. This approach can reveal complex relationships at the community level that inform
community dynamics and how species management should be undertaken.

frequency of the interactions, in multiple environmental contexts
if possible; (v) identify the significant interactions within a
given community; (vi) apply management actions; and finally
(vii) reassess interactions between species to test how changes
driven by management actions have altered species competitive
relationships.

42.3.1 Identifying resources

Identifying critical resources such as nesting sites, breeding
territories and foraging areas, around which species are likely to
interact is one way to define a potentially interacting commu-
nity (Dhondt, 2012). The habitat and environmental condi-
tions in which the resources occur will provide important
context, as variation in resource abundance and quality will
change their importance for species (Le Roux et al., 2016a). For
example, in a study of nest box visitation by birds, L.e Roux
et al. (2016a) found that nest boxes on small trees were used at
significantly lower rates compared with large trees, such that
simply adding nest boxes to habitats is unlikely to increase nest-
ing attempts by native birds. In similar studies for other nest
box-using species, both the traits of the box and the sur-
rounding habitats influenced whether the boxes were used by
native species (Mand ez a/., 2005; Lindenmayer ez a/., 2009; Le
Roux et al., 2016a,b).

42.3.2 Identifying the actors and traits

One of the primary challenges in assessing the importance of
interactions in an invaded system is adequately surveying the
species and their abundances within a community. Interactions
should be more common between species that are more abun-
dant, who co-occur, and who occupy more similar ecological
niches. A species ecological niche includes its resource require-
ments and use, and can be influenced by the functional traits of
the species. For example, the body size of cavity-nesting species
reflects what size of nesting cavity they require, with larger spe-
cies needing larger cavities in general. High overlap in the occu-
pied niche space between species is often associated with high
levels of competition (Rusterholz, 1981; Aderhold et a/., 2012,
Green et al., 2018; Reif et al., 2018). Additionally, interacting
species are likely to be a subset of the local species pool, creating
challenges for identifying the limits of an interacting commu-
nity, so efforts to quantify how completely a community has
been sampled are important (Jordano, 2016).

42.3.3 Identify relationships

Species interacting around a resource will rarely, if ever, occur
in isolation from the rest of the environment in which they
occur. The presence of predators, parasites and other actors
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needs to be considered, as these can influence the risk associated
with competing for a resource. Importantly, a single species
may have multiple relationships with another one. For example,
in cavity-nesting communities in Australia, cavity-using mammals
both compete with birds for tree hollows and act as nest pred-
ators (Gibbons and Lindenmayer, 2002). Similarly, invasive
birds such as the Common Myna have been known to destroy
nests in some parts of its global range (Charter et al., 2016),
so understanding the conditions in which such nest predation
occurs would be important when assessing the importance of
competition for nest sites in tree hollows.

42.3.4 Map interactions between species

Mapping the interactions between species requires quantifying
the interaction direction, frequency and variation in different
environments. The direction of an interaction refers to the
competitive impact of one species on another. For example,
when fighting over food resources around bird feeders, direct
aggressive interactions are observed between species pairs. For
each interaction, the direction should be noted, where direction
refers to the species that initiates or receives the interaction, or,
if resource control is important, then the direction can reflect
the species that most frequently wins the fight (i.e. the more
dominant species).

42.3.5 Identify significant interactions

At this stage, it is important to test how species abundance,
co-occurrence and interaction frequency within a specific con-
text affect competition. The strength (frequency and intensity)
of the interactions between two species can then be assessed
relative to all the interactions among community members.
Different interaction intensities can be quantified by the types
of interactions; in the case of birds, physical fights could be
considered a more intense interaction than alarm calls or threat
displays. Interaction strength could also be quantified as how
frequently one species is dominant over another, for example
how many times a species disrupts the nesting attempts of an-
other species (Edworthy, 2016) or how frequently a species ex-
cludes another species from a feeding resource (Peck ez al.,
2014; Miller et al., 2017). Both direct and indirect effects can
be assessed at this point and used to inform management ac-
tions, such as which species or resource to prioritize or whether
multi-species management will better mitigate invasive species
impacts (Moon et al., 2010; Bode ¢f al., 2015).

42.3.6 Manage the species

Activities that change resource abundance or availability, or
alter species abundances, are likely to change competition over
resources (Brazill-Boast ¢z al., 2013). Understanding the envir-
onmental or temporal contexts in which competitive impacts
are the greatest between invasive and native species offers a

more specific context in which to implement management ac-
tions. Furthermore, by incorporating the ecological niche of
each species, slight differences in niche space can be exploited
to reduce competition by excluding invasive species from ac-
cessing resources (Charter ez al., 2016; Goldshtein ez al., 2018).

42.3.7 Reassess interactions following management
and changes in the system

When resources or species abundances have changed, inter-
actions need to be reassessed. The strength of direct and in-
direct interactions will also change, with implications for
follow-up management actions. After management, predictions
on how interactions are likely to change (based on niche overlap,
species abundance and resource use) with management can be
tested by comparing levels of competition after management
with pre-management conditions.

42.4 A Case Study for an Australian
Cavity-dependent Species

Australia is home to some of the same invasive species that have
been introduced in many other countries such as House
Sparrows, Common Starlings and Common Mynas (see
Chapter 36, this volume). Of these species, most research has
focused on the Common Myna. The Common Myna has been
shown to have significant impacts on native communities in
other countries in which it is invasive, and the evidence of sig-
nificant impacts on native Australian species varies depending
on the habitat in which the myna occurs (although studies have
only come from a small part of the invasive range in Australia).
Competitive impacts of the Common Myna are especially
interesting to explore in the Australian context because it is
home to many cavity-nesting species, and cavities are limited
resources in the modified habitats preferred by the Common
Myna. Additionally, competition and aggression have a more
significant role in structuring community composition in
Australia compared with most places in the world.

Across the global invasive range of the Common Myna,
impacts on native species include competition for habitat space,
competition for nesting sites, and nest destruction and preda-
tion (see Chapter 3, this volume). Common Myna competition
for habitat space has been invoked to explain declines in some
bird species following the increases in myna abundance
(Grarock et al. 2012) and increases in native bird abundance
following myna eradication (Tindall ez a/l., 2007). In these
studies, competition is often invoked to explain these patterns,
but direct, aggressive interactions between mynas and native
species are rarely quantified. When examining myna-native
species competition for food in urban areas in Australia, Sol
et al. (2012) and Haythorpe et al. (2014) found that Common
Mynas were not more aggressive than native species around
food resources, highlighting that the mechanism by which
mynas impact other species use of foraging or habitat space is
not well understood. Evidence of significant impacts on native
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species breeding is more substantial, such as aggressive inter-
actions around nest sites and destruction of nests observed in
Israel (Orchan et al., 2013; Charter et al., 2016) and from
Pacific islands where the myna predates the nests of shorebirds
(Byrd er al., 1983). Despite significant impacts observed over-
seas, the evidence for significant impacts in Australia is mixed.
Like elsewhere, the most direct competitive impacts of the
Common Myna in Australia come from studies of competition
for nest sites, specifically when Common Mynas compete for
nesting sites in less-disturbed habitats. In a study of nest site
locations, Grarock ez al. (2013) found that Common Mynas se-
lected nest sites (in nest boxes) in more modified habitats, while
native species selected nest sites in less modified habitats (areas
with higher tree density), and concluded that the spatial segre-
gation in nesting sites was a result of both habitat preferences
and competition with Common Mynas. In a study of breeding
success in nest boxes and tree hollows in open woodland, Pell
and Tidemann (1997a) found that the Common Myna was the
most aggressive cavity-nesting species compared to the invasive
Common Starling and two native species. They concluded that
this aggression could cause reduced breeding opportunities for
the native species. While Common Mynas rarely nest deep into
intact forests with high tree density (Pell and Tidemann,
1997b), impacts on nesting from competition are likely to be
greatest where preferences for nest sites overlap. These areas
include edge habitats (where urbanized and undisturbed envir-
onments meet), agricultural landscapes (particularly areas with
a few large scattered trees) and native woodland with low tree
density. Competition may become less important as levels of
urbanization increase in areas characterized by suburban
housing developments (where mynas can nest in buildings,
under roofs and in rain gutters), as the effects of habitat change
exclude native species more than competitive interactions.
Attempts to quantify the relative importance of additional
competition from invasive species must also account for the
high levels of aggression and competition among Australian na-
tive species (Sol et al., 2012; Haythorpe et al., 2014). Australian
birds are known to be among some of the most aggressive birds
globally (Low, 2014), with high levels of competition observed
between species competing over foraging areas, breeding terri-
tories and nesting sites (Mac Nally and Timewell, 2005; Howes
and Maron, 2009; Mac Nally ez /., 2012; Maron et al., 2013).
In particular, the native Noisy Miner (Manorina melanocephala)
is a colony-nesting member of the honeyeater family, and so
aggressively excludes other birds from its territories (in modi-
fied environments) that it is considered to impact bird commu-
nities at landscape scales (Montague-Drake ez /., 2011; Maron
et al., 2013). However, direct interactions responsible for these
patterns are rarely quantified at the community level in
Australia. The best examples of the importance of direct com-
petitive interactions between species come from studies of cav-
ity-nesting birds (Davis ez al., 2013), and include threatened
native species such as the Forty-spotted Pardalote (Pardalotus
quadragintus,; Edworthy, 2016), Gouldian Finch (Erythrura
gouldiae; Brazill-Boast et al., 2010, 2013) and Palm Cockatoo
(Probosciger aterrimus; Garnett et al., 1999; Murphy ez al.,
2003). Despite the importance of competition demonstrated
for these species, and bird communities more generally, direct
competitive interactions are not well understood for the

cavity-nesting community at large, which includes 114 species
of birds, and at least seven established invasive cavity-nesting
species including the Common Myna.

In Australia, competition between Common Mynas and
native bird species is likely to be greatest in moderately trans-
formed environments; however, a lack of data on the relation-
ship between functional traits (i.e. body size) and interspecific
dominance prevents predictions of where the Common Myna
will have an impact across its range. This, in turn, limits where
managing the species would be most effective. While there are
some efforts by local conservation groups to control the
Common Myna through trapping, this approach is unlikely to
reduce the population or reduce the impact of the Common
Myna on native birds (see Chapter 3, this volume). Additionally,
reducing Common Myna populations in urban areas may not
improve nesting opportunities for native birds due to competi-
tion with other native urban-adapted species. In a study of urban
cavity-nesting species in subtropical south-east Queensland,
Rogers (2019) found a diverse community of cavity-dependent
species using urban nest boxes, including the Common Myna
(Fig. 42.2). While Common Mynas were found to be the most
aggressive species around tree hollows, species recorded around
nest boxes in the same region included several cavity-nesting
birds, cavity-dependent mammals and other predators (Fig. 42.2).
This work highlights that, even within the same region, inter-
actions around different types of resources (tree hollows versus
nest boxes) may be different. Additionally, the interactions be-
tween Common Mynas and native birds are occurring within a
larger complex interaction web that includes predation and
competition. In the case of common brushtail possums
(Trichosurus vulpecula), this species is both a competitor for nest
boxes and a nest predator of birds (Garnett ez a/., 1999). While
the interaction web described in Fig. 42.2 centres around nest
boxes, similar processes are likely to be occurring around nat-
ural tree hollows but are poorly quantified. Nevertheless, like
previous work, it appears that competitive interactions between
Common Mynas and native species are context dependent.
Competitive impacts are particularly high around natural tree
hollows (Pell and Tidemann, 1997a), but native bird avoidance
of nest boxes (perhaps due to interactions with native predators
and native mammals) reduces the importance of competition
around nest boxes.

Conservation efforts that aim to improve nesting oppor-
tunities for native cavity-nesting birds in Australia need to take
into account all interactions among members of a community
in order to identify which interactions may be limiting breeding
opportunities (Heinsohn ez a/., 2003; Murphy et al., 2003
Brazill-Boast et al., 2010; Stojanovic et al., 2014). In the case of
the Common Myna, competitive interactions will have a nega-
tive impact on native species in areas where Common Myna
decide to nest in natural tree hollows or edge habitats. However,
efforts to improve nesting opportunities for native species in
modified environments in south-east Queensland through con-
trol of Common Myna populations alone are unlikely to gener-
ally succeed due to the high abundance of native competitors
and predators. While nest boxes remain a popular conservation
tool in Australia to increase the supply of available cavities, such
projects are often of little use to species of conservation con-
cern (Lindenmayer ez al., 2009, 2017). Incorporating a better
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Fig. 42.2. The interaction web around nest boxes in south-east Queensland. Nest boxes were monitored with remote camera
traps from October 2015 to March 2016, the peak breeding months in this region of Australia. The importance of invasive—native
impacts needs to be assessed in the context of the community-wide interactions, including predation and competition among
native species. The direction and strength of the interactions (arrows) between groups are essential for evaluating the importance
of interactions such as competition. The response of an individual species to the total of the interactions within the network will
influence its use and persistence within a habitat. In urban areas, these response groups include species that avoid urban areas
(avoiders), species that adapt to use parts of urban environments (adapters) and species that can exploit urban environments

(exploiters). (Photos: 1-4 & 6-9 A. Rogers; 5 Steve Gray).

understanding of interactions into such projects has been
shown to increase their benefit to target species (Brazill-Boast
et al., 2013), and mapping all competitive and other inter-
actions around different resources will improve management
by identifying where and when invasive species interactions are
most likely to impact breeding dynamics or use of habitat space.

The relative importance of invasive—native competition in
the tangled interaction web around cavities in the urban envir-
onments of Australia is just starting to be quantified. The com-
bined effects of habitat change, invasive species competition

and changes in native species abundances none the less create
challenges for conserving biodiversity in human-dominated en-
vironments (Kark et al., 2007; Bellocq et al., 2017). Species that
are experts in exploiting urban areas are called ‘urban exploiters’,
species that make some use of urban areas are called ‘urban
adapters’ and species that avoid urban habitats are called ‘urban
avoiders’ (Kark et al., 2007, Shwartz et al., 2008). Conservation
efforts targeting urban adapters and avoiders within or at the
edge of urban habitat fragments are likely to provide the greatest
conservation benefit by increasing the resource availability in
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otherwise marginal habitats. In Fig. 42.2.; the White-throated
Treecreeper (Cormobates leucophaea) is an urban avoider that
will use the same or similar nesting cavities as medium-sized
parrots and the Common Myna in the same environment.
Currently, relatively little is known about the exact nesting pref-
erences of this treecreeper, which limits the ability of managers
to exploit differences in nesting requirements and provide nest
boxes that would exclude larger native or invasive birds. Nest
boxes that are accessible to a wide variety of species are unlikely
to be of much conservation benefit as they are frequently occu-
pied by common species not in need of additional nesting op-
portunities (Lindenmayer ef al., 2017). For the White-throated
Treecreeper, and many other less abundant cavity-nesting birds
in Australia, additional work is needed on specific nest box de-
sign and reducing competition in habitats dominated by urban
exploiters.

While the Common Myna is perhaps the most studied inva-
sive cavity-nesting species in Australia, seven other invasive
cavity-nesting species are already established (Gibbons and

Lindenmayer, 2002), and Australia is at high risk of additional
non-native species establishing invasive populations (Vall-Ilosera
and Cassey, 2017). Additionally, there are 21 native Australian
species that have been moved or established outside their historic
ranges (Gibbons and Lindenmayer, 2002). Like the patterns for
invasive species globally, the interactions between non-native
and native species are poorly studied and consequently little is
known about how these introductions have altered local commu-
nities. Describing the competitive interaction networks for these
communities has the potential to sustainably improve native spe-
cies conservation by identifying management action that can re-
duce the competitive impact of invasive species in targeted ways
(Orchan ez al., 2013). Significant conservation opportunities
exist in Australian cities (Garden et al., 2006; Ives et al., 2016),
but understanding how species persist and coexist in urban areas
will require more data on community-level interactions, espe-
cially as communities dynamically change in terms of ongoing
environmental disturbance and novel species introductions

(Mokross et al., 2014; Hui et al., 2016).
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