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7.1 Invasion sequence
To successfully manage introduced species it is essential to understand how a species
will interact in a new environment (Hulme 2006; Sakai et al. 2001; Tobin et al. 2007). By
reconstructing the invasion sequence (Chapter 2), the common myna invasion of Canberra was
observed to closely follow the sequence predicted by invasion process theory. This was the first
study to estimate spreading rate, population growth rate and maximum population size for the
common myna. Additionally, this study provided estimates for lag periods before population
growth and spreading. This information on the invasion sequence can provide the foundation for
any management plan aimed at the control of the common myna (Hulme 2006; Sakai et al.
2001; Tobin et al. 2007).

7.2 Impact
Prior to this thesis there was limited understanding of the impact the common myna had
on the abundance of native species. Chapter 3 used long-term data and an integrated approach to
provide the strongest evidence to date for the impact of the common myna on the population
abundance of some cavity-nesting and small bird species. These findings were further supported
by evidence from Chapter 4, which indicated that, in combination with habitat change, some
cavity-nesting and small bird species were negatively associated with common myna
abundance. Despite this, Chapter 4 revealed that the common myna is primarily a passenger of
habitat change. The abundance of the common myna was strongly influenced by tree density
and the species was far more abundant in urban areas than nature reserves. There were no
negative associations between common myna abundance and total species abundance and
richness, native cavity-nester abundance and richness or large native bird abundance and
richness.
Chapter 5 also demonstrated the strong influence of habitat on the abundance and
nesting success of the common myna, crimson rosella and eastern rosella. At low tree density
sites the common myna occupied a high number of nest boxes (up to 90%) and built ‘fake’ nests
that further reduced cavity availability. Common myna nest box occupancy had a negative
influence on crimson rosella and eastern rosella abundance at low tree density sites. However,
this study revealed that common myna nest box occupancy may have a more severe impact on
crimson rosella abundance at high tree density sites than low or medium tree density sites.

7.3 Gaps, limitations and future directions
Canberra Ornithologists Group Garden Bird Survey data was used in Chapters 2, 3 and 6,
providing an invaluable resource. However, the limitations of this voluntary community survey
must be accounted for. Therefore, in the analysis I resolved this potential variability by
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grouping survey sites to ensure continuity of survey effort over regions and year. Transect bird
survey data was used in Chapters 4, 5 and 6. Detectability issues can occur across different bird
surveyors, habitat types and bird species. However, in Chapters 4 and 5, I did not attempt to
quantify the exact number of individuals present at each site, rather I examined the general
trends in bird abundance in relation to the common myna and habitat. Additionally, surveys
were replicated and undertaken by experienced bird surveyors, reducing the chance of
detectability issues. In Chapter 5 the rate of natural cavity nesting was not quantified due to the
difficulty of locating and surveying natural cavities. However, significant correlations between
nest box use and abundance were observed, indicating that nest boxes in the study area were
representative of natural cavity nest use for the common myna and crimson rosella.
Models used throughout this thesis are only simple representations of a complex natural
system. Therefore, I acknowledge that not all causal variables have been incorporated into these
models. However, no model will capture the complete complexities of the natural environment
and I encourage future refinement and investigations into the introduction, impact and control of
the common myna. Examples of potential un-modelled causal variables include the effect of
other territorial species, nest predators and cavity nesters. For example, the noisy miner
(Manorina melanocephala) and bell miner (Manorina melanophrys) are two native bird species
that are territorially aggressive and have been linked to reductions in native bird diversity and
abundance (Clarke and Schedvin 1999; Grey 2008; Kemmerer et al. 2008; Mac Nally et al.
2012; Maron et al. 2011; Montague-Drake et al. 2011; Piper and Catterall 2003). Other species
in the study site that may impact native bird species include the pied currawong (Strepera
graculina), the introduced domestic cat (Felis catus) and the European honey bee (Apis
mellifera). Additionally, the cavity nesting sulphur crested cockatoo (Cacatua galerita)
increased in abundance throughout the survey period. However, this species is much larger and
would be unable to occupy smaller hollows available to the common myna, crimson rosella and
eastern rosella.
Due to the focus of the thesis, limited budgets and time constraints I was unable to
investigate the impact the above listed species on native species abundance and nesting.
However, I would encourage future research into these areas.
Variations in weather such as rainfall and temperature were included in earlier analysis in
Chapter 3 and 4. However, these variables were removed from the thesis due to their lack of
significance and the desire for a concise manuscript. The apparent lack of influence of rainfall
may be due to the study site being located in an urban area subject to watering of gardens and
ovals.
Due to model limitations, safeguards were built into the analysis to ensure that observed
impacts were correctly attributed to the common myna. Analysis was undertaken using
replication to ensure observed patterns were not simply due to a unique set of circumstances at a
particular site. For example, Chapter 2 and 3 used long-term data replicated over four regions,
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while Chapters 4 and 5 used data collected at 15 sites with five replicates per treatment (high,
medium and low tree density). Furthermore, analysis in Chapter 3 focused on bird populations
before and after specific time points for common myna establishment. I used the variable of
years before and years after common myna establishment so that the analysis could be
structured as a ‘before and after’ experiment. I wanted to investigate if bird populations in each
region changed significantly after the arrival of the common myna at a specific time point for
each region (when the common myna became established). It is highly unlikely that unmodelled variables, such as the noisy miner, would begin to impact on native bird species at
these exact time points in each of the four regions. Structuring the analysis this way ensured that
impacts were correctly attributed to the common myna. Additionally, I included non-cavity
nesting large bird species in the analysis to assess if the model was working correctly (Chapter 3
and 4). Based on prior scientific findings the mechanisms for common myna impact (territorial
exclusion of small birds and nest cavity competition) would not extend to non-cavity nesting
large bird species. Therefore, if the models were working correctly there should be no impact of
the common myna on non-cavity nesting large bird species, as was the case (Chapter 3 and 4).
Culling of the common myna was not included in the analysis for Chapters 2, 3, 4 and 5 as
culling was not observed to influence common myna abundance at the regional scale (Chapter
6). Common myna numbers appeared to decrease across regions over the last 5-10 years
(occurring prior to culling in some areas). This decline is likely to be caused by natural
population limitation and regulation (Chapter 6). However, the exact cause of this decline would
be a good area for future research as it may assist in the control of common myna populations.
Future research on the common myna should also look deeper into the prioritisation of
management actions. Comparative studies to quantify the level common myna impact against
other impacts such as habitat clearing or the noisy miner, would be of value. This could enable
management resources to be allocated directly proportional to impact rather than a reaction to
public perception or dislike of non-native species. Furthermore, reducing the impact of a species
may not assist threatened species recovery if habitat destruction is the main driver of native
species decline (Chiron et al. 2009). Therefore, further investigation into the passenger-driver
model is recommended to quantify the impact of habitat restoration on both native species and
common myna abundance.
If culling of the common myna is to continue, suitable management units and a target
population size (where the species’ impact is minimised) need to be defined. Movement studies
and population genetics may be suitable tools to define management units where there is
negligible immigration. Additionally, defining a target population size will enable managers to
determine the number of individuals that need to be culled annually. Alternative control
methods should also be investigated, specifically cull timing, duration, method and the impact
of environmental manipulation.
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The population model utilised in Chapter 6 could be further refined, if required, to include
estimates of age structure, sex ratio, survival rates and reproduction rates. Additionally, more
complex models exist that incorporate the links between life-history dynamics, culling rates and
environmental variables.

7.4 The human element
Despite the findings of this thesis, many scientists may still question the seriousness of
common myna impact and the type of management (if any) that is warranted. For example, one
paper suggests that ‘…the substantial efforts currently directed towards culling of common
mynas in heavily urbanised environments is misdirected, and resources would be better directed
to improvement of natural habitat quality in these areas…[sic]’ (Lowe et al. 2011).
Regardless of scientific evidence, many community members are passionate about
controlling this species. Perhaps this strong community reaction to the common myna is due to
the species being highly visible in urban areas. Individual observations of the common myna
competing with native species, while at times is distressing, may not result in a widespread
collapse in bird numbers. For example, in a paper on the cane toad (Rhinella marina), Shine and
Doody (2010) suggest that community groups tend to view species ‘impact as more severe,
wide-ranging, and long-lasting than do scientists’. This problem is due partly to the lack of
scientific studies available to the community (Shine and Doody 2010).
Community concern about introduced species can put significant pressure on
government and land managers to take action (Newton 1998). At times this leads to unnecessary
management actions that are unsustainable and take the focus and funding away from other
management programs (Davis et al. 2011; Shine and Doody 2010). Therefore, the breakdown in
communication between scientists and the community can be a barrier to effective species
management (Sharp et al. 2011). We must not let community passion for common myna
management cloud rational scientific judgment and the strategic allocation of pest management
resources (Brown et al. 2011; Davis et al. 2011; Parker et al. 1999; Simberloff 2003; Townsend
2003).
The role of science communication cannot be overlooked in any successful
management plan. Community group leaders have the freedom and ability to motivate
individuals through emotive discussions about a species or issue. Scientists need to ensure their
research is communicated effectively to people to ensure enthusiasm for conservation is
harnessed into meaningful projects based on good science. Scientists need to actively engage
with public debate on these issues to help inform interested community members.
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7.5 How should we manage the common myna?
Community support is already very strong for common myna management in Australia.
However, greater use of science in community-led projects could further enhance management
outcomes.
The main priority should be to prevent the transport and establishment of new common
myna populations as management complexity and costs increase significantly as a species
moves through the invasion process (Mack et al. 2000; McNeely et al. 2003; Sakai et al. 2001).
Due to the species’ strong history of establishment, broad niche breadth and behavioural
flexibility, it is likely to quickly establish in new areas and grow in population size (Duncan et
al. 2003; Duncan et al. 2001; Feare and Craig 1998; Griffin 2008; Griffin and Boyce 2009;
Kolar and Lodge 2001; Sol et al. 2011). Therefore, attempts to eradicate new introductions
should also be a priority. For example, recent sightings of the species in Tasmania should be
investigated and newly arrived individuals euthanised (Paine 2013).
Chapter 2 demonstrated that the common myna had both a short lag period before
population growth (<3 years) and spreading (six years). This highlights the importance of a
rapid response to new invasions before the population can grow in numbers and spread. Once a
species becomes widespread and abundant, total eradication is highly unlikely; population
control and impact mitigation are then the best management strategies (Hulme 2006; Mack et al.
2000; Sakai et al. 2001). If deemed necessary, population control should aim to reduce the
population size to a pre-defined level where impacts are minimised. However, defining this
level can be highly problematic (Hulme 2003; Hulme 2006).
Chapter 6 is the first study to assess the impact of community-led culling on common
myna abundance. This study also modelled common myna populations to provide insight into
their population dynamics and the influence of culling. Understanding population dynamics is
essential to enable managers to create an informed and targeted strategy. This study revealed
that high intensity community-led culling is reducing common myna abundance at a fine scale.
However, current culling levels are too low to reduce common myna numbers across Canberra.
A significant amount of effort is currently being directed to a program that may not be
achieving the desired results. Natural reproduction, survival and/or immigration are probably
replacing culled individuals. This study indicated that community-led culling would be more
effective if the overall rate of culling was increased. Culls of at least 25 birds per km2 per year
are needed or alternative methods for controlling this species should be pursued.
The common myna is able to compensate for culling through rapid reproduction.
Therefore, control programs need to be maintained year after year or the species will quickly
recover. The population model in Chapter 6 demonstrated how culling rates should increase or
decrease for different population densities. Additionally, as the population size decreases, it
becomes more difficult to locate and cull individuals, potentially reducing the effectiveness of
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control measures (Newton 1998; Potts 1986; Shine and Doody 2010). Furthermore, the timing
of culling can have a large impact on the effects of a control program. Currently the largest
numbers of the common myna are culled just after the breeding season, when young birds are
easily trapped. However, it would be more effective to cull prior to, and during, the breeding
season, when culling is more likely to be additive to natural mortality. Culling in September to
December also would be more likely to reduce the competitive pressure for nest cavities.
Valve traps used by the community for trapping may have only limited use as there are
reports that the common myna can become trap shy (King 2010). These traps may target the
young or weak in a population leaving individuals that cause the most damage and/or are strong
breeders. Valve trapping at low densities, and in food-rich environments, also may limit the
effectiveness of this control method. The common myna is capable of recognising aspects of the
trapping process as dangerous and adapting its behaviour to avoid being trapped (Griffin 2008;
Griffin and Boyce 2009; King 2010; Tidemann 2010). Similarly, the common myna has been
observed to avoid areas controlled by shooting (Dhami and Nagle 2009). Perhaps trapping with
decoy birds could enhance trapping of the common myna in valve traps, especially in areas
where food is readily available (Tidemann 2010). Alternative methods for common myna
control also may be required, such as nest box trapping (Appendix 9) and roost trapping
(Tidemann 2010; Tidemann et al. 2011).
Several methods of controlling the common myna will likely be required, due to its
adaptable nature (Tidemann 2010). A multifaceted approach could include reducing food
availability (e.g. dog food), limiting nesting sites (e.g. in roof cavities), habitat manipulation
(e.g. tree planting and revegetation) and culling in sensitive areas. Modifying current practices
(e.g. timing of cull) or utilising alternative and/or complementary culling methods may also be
required (Parkes 2013). For a detailed review into the best practice for the management of the
common myna see Parkes (2013).

7.5.1 An Alternative method for control
Chapter 4 and Chapter 5 highlighted the importance of including both habitat variables
and introduced species impact into analysis to disentangle the different impacts on native
species. This method will also help determine if the impact of an introduced species is more
severe in particular habitats. Understanding impact will enable targeted management and
mitigation. For example, the impact of the common myna might be more severe in areas that
represent ‘high quality’ habitat for native species (Chapter 5). Perhaps culling should be
restricted to localised areas where the species is deemed to have the greatest impact. For
example, management of the common myna could be focused near threatened species breeding
areas, such as the superb parrot (Polytelis swainsonii). Simply providing nest boxes to alleviate
competition for cavities may be counterproductive if the nest boxes are not actively managed to
remove nesting common myna (Appendix 4 and 9). Chapter 5 and other research (Lowe et al.
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2011) indicates the common myna may prefer using nest boxes to natural cavities. Therefore,
the provision of nest boxes could lead to an increase in common myna nesting and abundance.
Habitat plays a critical role in species abundance. Species are highly vulnerable to
habitat manipulation and many species extinctions can be linked to human habitat modification,
while many eradication attempts have failed (Caughley 1977). Therefore, habitat manipulation
could be a highly effective tool for the control of introduced species. The common myna occurs
in greater abundance in cities and towns, and in areas with low densities of native trees (Chapter
4 and Chapter 5). Human habitat modification can reduce the ‘quality’ of habitat for native
species; this modification can then lead to an increase in common myna abundance. Low tree
density, or fragmentation of native vegetation, may enhance habitat quality for the common
myna enabling the species to spread into new areas and compete for resources with native
species (Lowe et al. 2011; Tracey et al. 2007). Therefore, in combination, habitat modification
and the introduction of invasive species, can have significant negative impacts on native species
(Gibbons and Lindenmayer 2002; Lindenmayer et al. 2009). For example, housing
developments that are built adjoining threatened species habitat would be of significant concern.
This type of habitat modification would drive an increase in the abundance of the common
myna in sensitive areas, greatly increasing the likelihood of negative impacts on threatened
species.
Given the influence of habitat on species abundance, habitat restoration and tree
planting may be useful tools to both control common myna abundance and to aid native bird
species recovery. This will not only increase habitat quality for native species (including cavity
availability in the longer term), but it is also likely to make the habitat less suitable for the
common myna, reducing its abundance. Without restoring habitat and making these areas ‘less
suitable’ for the common myna, attempts to control species numbers are only likely to succeed
over the short term, with the species reinvading once control actions are eased.
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