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Abstract Human activity can dramatically affect

biodiversity, often by introducing non-native species,

or by increasing the abundance of a small number of

native species. Management strategies aimed at con-

serving biodiversity need to be informed by the actual

impacts of highly abundant species, whether native or

introduced. In this study we examined characteristics

of two bird species, introduced common mynas and

native noisy miners, both of which are highly abundant

in urbanised areas along the East coast of Australia.

Current managerial practices have a strong focus on

eradication of common mynas, while noisy miners are

largely ignored. However, in this study noisy miners

were found in a broader range of habitats, and in

greater abundance, than common mynas; displayed

more aggressive behaviour; and were linked to a

decline in the diversity and abundance of other species

where common mynas were not. We suggest that the

adaptability of a species and the variety of habitats it

can colonise may be a better predictor of its potential

impact, than whether it is native or introduced.

Keywords Aggression � Manorina

melanocephala � Species abundance �
Sturnus tristis

Introduction

Urbanised environments are associated with low

species diversity (e.g. Clergeau et al. 2001; Jokimäki

et al. 1996; McKinney 2002; Sol et al. 2011) and tend

to be dominated by large numbers of a few species that

are able to take advantage of the unique conditions

experienced in an urban landscape (Bezzel 1985; Kark

et al. 2007). These dominant species, termed ‘‘urban

exploiters’’ (Blair 1996), typically have generalist

diets and habits (Evans et al. 2011) and high sociality

(Kark et al. 2007). Urban exploiter birds are often

introduced (e.g. McKinney 2002; Orchan et al. 2013),

but can also be native species existing in greater

abundance than historically recorded (Blair 1996;

Emlen 1974; Huhtalo and Jarvinen 1977; Jokimäki

et al. 1996; Kark et al. 2007). Management bodies

have previously focussed heavily on control of

introduced species found in such environments, often

attempting to reduce numbers or eradicate the species

from entire areas (Gurevitch and Padilla 2004; Orchan

et al. 2013; Schlaepfer et al. 2011a; Stromberg et al.

2009). The same is clearly not true for native species,

which are generally assumed to have positive effects

on the environment (Brown and Sax 2004; Davis et al.

2011). Recent scientific opinion (e.g. Carroll 2011;
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Davis 2011; Davis et al. 2011; Schlaepfer et al. 2011a,

b), however, suggests managerial bodies shift from the

present focus on whether a species is native or not, and

towards objective assessment of each species’ envi-

ronmental impact in its particular ecosystem. Objec-

tive assessments of relative species impacts are often

obtained through investigation into several primary

predictors, such as range, abundance, and per-capita or

per-biomass effect on parameters such as community

structure and population dynamics (Parker et al.

1999).

This paper focuses on the potential impact of two

common but unrelated bird species, noisy miners

Manorina melanocephala (Meliphagidae) and com-

mon mynas Sturnus tristis (Sturnidae). Noisy miners

are native, communally-breeding honeyeaters found

throughout the southern and eastern parts of Australia

(Simpson and Day 2004). Common mynas, which

belong to the Sturnid family, were introduced to the

eastern coast of Australia in large numbers between

1860 and 1972 (Long 1981), and have become

common in cities in this range. Common mynas are

obligate hollow-nesting birds, and thrive in regions

cleared of natural vegetation. They are heavily asso-

ciated with human activity, taking advantage of food

provided in the form of scraps and rubbish (Crisp and

Lill 2006), using gutters and rooves of buildings for

nesting (Bomford and Sinclair 2002; Counsilman

1974), and even furbishing their nests with human

litter (Counsilman 1974; Sengupta 1968, 1982).

Similarly, noisy miners, as edge specialists, have

benefited greatly from the clearing of vegetation and

segregation of remnant patches of woodland within

most of their range in Eastern Australia (Catterall et al.

1991; Clarke and Schedvin 1997a; Low 1994; Loyn

1987), as such habitat appears to be optimal for

territorial defence (Taylor et al. 2008); however they

require natural vegetation for building cup nests (Dow

1978).

Although common mynas are introduced and noisy

miners are native, both species have been accused of

creating environmental problems and anthropogenic

disturbances. Noisy miners are particularly known for

their antagonistic, mobbing behaviour and extreme

territorial aggression (Dow 1977, 1979; Grey et al.

1997). Presumably due to these behaviours, noisy

miner numbers negatively correlate with the diversity

of bird species, particularly small insectivorous birds

in suburban gardens (et al. Grey 1997, 1998; Parsons

et al. 2006) and woodlands (Major et al. 2001), and

their aggressive exclusion of other birds has recently

been nominated for inclusion in the EPBC Act list of

Key Threatening Processes (DSEWPC 2011). They

have even been referred to as a ‘reverse keystone’

species, as it appears that low abundance or total

absence of the species is necessary for high diversity to

be sustainable in some areas (Piper and Catterall

2003). They have recently been found to be highly

aggressive in competition over artificially provided

food sources (Haythorpe et al. 2012; Sol et al. 2011).

In addition, they have increased dramatically in

abundance over the last few decades (Barrett et al.

2002; Barrett et al. 2007), creating ever greater

potential for negative impact on native wildlife.

Common mynas are also thought to pose a threat to

native wildlife, and are typically disliked by members

of the public (e.g. Nee et al. 1990; Tidemann 2003).

They are now one of only three avian species to be

listed by the IUCN as among the ‘World’s 100 worst

invasive species’ (Lowe et al. 2000), and a poll by the

Australian Broadcasting Company found that Austra-

lians considered them to be the ‘‘most significant pest/

problem’’ (http://www.abc.net.au/tv/wildwatch/

results/award.htm). In their native range in India

they are known to compete with other hole-nesting

species such as ring doves Streptopelia decaocto

(Dhanda and Dhindsa 1993) and rose-ringed parakeets

Psittacula krameri (Dhanda and Dhindsa 1996), as

well as in parts of their introduced range such as Israel

(Orchan et al. 2013). On some islands common mynas

are thought to be contributing to decreases in abun-

dance of threatened species, such as magpie robins

Copsychus spp. (Huong and Sodhi 1997; Watson et al.

1992) found on the Seychelles Islands and echo par-

akeets Psittacula eques (Jones 1996) found on Indian

Ocean islands near Madagascar. Artificial removal of

common mynas on a New Zealand island was asso-

ciated with an increase in some native bird species,

suggesting they may have played a role in their his-

torical decline (Tindall et al. 2007). However, it does

not follow that common mynas would pose the same

threat in an ecosystem less fragile than that of a

smaller island, and until recently, actual quantitative

evidence on their ecological impact, particularly in

Australia, has been inconclusive. A long-term study on

the impact of common mynas on native species at the

population level (Grarock et al. 2012) has recently

provided strong evidence to suggest that abundance of
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some cavity-nesting and small bird species may be

threatened by common myna establishment. However,

this study also found that the numbers of some species

previously thought to be threatened by common

mynas, such as Eastern rosellas and common starlings

(Pell and Tidemann 1997b), may not be. Given the

species thought to be at risk from common mynas are

still highly abundant (and three are actually introduced

and potential pests themselves), the seriousness of this

risk is still to be determined. Others have speculated

that the overlap of their range with that of some cur-

rently abundant species may cause these species to

become threatened in the future (Tracey and Saunders

2003). For instance, Pell and Tidemann (1997b) doc-

ument a possible threat to native crimson rosellas

Platycercus elegans and Eastern rosellas P. eximius

through competition for suitable nesting hollows. It

should be recognised, however, that while common

mynas occupy principally urban environments, East-

ern rosellas occupy both urban and woodland habitats,

and crimson rosellas in fact prefer to colonise dense

forests, including rainforest. Thus far there is no

indication that the numbers of crimson or Eastern

rosellas is declining in response to common mynas,

and in fact both rosella species appear to be thriving

(Tidemann 2010; Veerman 2002).

Although both noisy miners and common mynas

are considered pests by the general public, consider-

able attention is given to controlling common mynas

in Australia, which are the target of ongoing eradica-

tion efforts. Australian governments and local coun-

cils have invested funding into developing specialist

traps designed to exterminate large numbers of

common mynas. Organisations such as the Hawkes-

bury Indian Myna Action Group (HIMAG),1 the

Canberra Indian Myna Action Group (CIMAG) Inc,2

the Indian Myna Bird Project (Mid North Coast),3 and

the Yarra Indian Myna Action Group (YIMAG) Inc,4

to name just a few, provide information on trapping

and humane euthanasia of common mynas and

distribute traps to the public. Noisy miners, on the

other hand, are a protected species in each state in

which they occur in Australia—for example, in New

South Wales under the National Parks and Wildlife

Act 1974 (Schedule 11), it is illegal to kill, trap or

harm them (Section 98). Despite these highly different

management strategies, the actual impact of each of

these birds is not clear.

There is evidence that both noisy miners and

common mynas may potentially be impacting nega-

tively on biodiversity. It is difficult, however, to make

judgements about the relative severity of each species’

impacts when such judgements need to be based on

comparisons between studies, which may employ

different methodology and measures and be conducted

at different sites. With this consideration in mind, the

present study directly compares the three primary

indicators of impact—range, abundance, and per-

capita effect, in this case focussing on effects on

population (abundance) and community (diversity;

Parker et al. 1999)—between native noisy miners and

introduced common mynas across suburb, edge and

bush habitats, and across breeding and non-breeding

seasons. We predict that the greatest threat to biodi-

versity would come from a species that (1) was present

in a variety of habitat types; (2) was present in great

numbers or was the most abundant species in the area;

(3) was linked to a decrease in diversity and/or

abundance of other species; and (4) would be fre-

quently observed engaging in aggressive behaviours.

Methods

Transect locations and descriptions

Forty-five transects were mapped within and around

the city of Newcastle, Australia, located approxi-

mately 160 km north of Sydney. There were 15

‘suburban’ transects, situated at least 50 m from the

nearest bushland; 15 ‘bush’ transects that were at least

50 m into bushland; and 15 ‘edge’ transects placed in

regions where bushland of at least 260 hectares met

with suburbs (Fig. 1). Bushland was found in urban

nature reserves, including Awabakal Nature Reserve,

Blackbutt Reserve, Glenrock State Conservation Area,

Richley Recreation Reserve, Sygna Close Reserve,

and Tingira Heights Nature Reserve, and consisted of

dense native remnant vegetation, including tall trees

and undergrowth. Edge transects ran along the border

of these two habitats, extending into the suburbs on

one side and into bushland on the other. Selection of

1 http://www.hawkesbury.nsw.gov.au/environmental-services/

natural-environment/indian-myna-control-program-himag.
2 www.indianmynaaction.org.au.
3 www.indianmyna.org.
4 www.yimag.org.au.
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transect locations was random in suburban sites, but

limited in edge sites to those that were accessible (e.g.

not part of a residential property), and in bush sites

limited to reserves that allowed public access.

Each transect was 200 m long and contained four

observation stops, at 25, 75, 125, and 175 m along the

transect, respectively. The observation area for each

stop was a circle, centred on the transect, with a radius

of 25 m.

Observation procedure

Surveys of all 45 transects were conducted every

2 months for a year, resulting in three surveys (in

April, June and August, respectively) being conducted

during the non-breeding season and three surveys (in

October, December and February, respectively) dur-

ing the breeding season of most birds. These are

referred to throughout this paper as the observations.

Each survey of a transect totalled 20 min of

observation, with a sampling time of 5 min at each

of the four stops. Sampling time was based on previous

work by Blair (1996, 2004), and initial pilot studies in

the study areas determined that practically all obser-

vations ([95 %) were recorded within the first 2 min

of sampling, a trend that continued throughout the rest

of data collection; thus 5 min was considered to be

sufficiently long to pick up the majority of relevant

behavioural observations. From the centre of the stop,

the observer recorded the numbers and species of all

birds seen and heard within the observation area,

excluding those that were only flying overhead and not

spending any other time at the stop. For each survey,

Fig. 1 Map of transect locations across Newcastle, New South Wales. Circles indicate suburban transects, squares indicate edge

transects, and triangles indicate bush transects. Italicised names indicate common suburban locations across the city
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the observer also recorded whether or not each bird

species initiated an aggressive act on another bird. An

aggressive act was defined as a swoop, peck at,

physical fight with, or chase of another bird, regardless

of whether this resulted in the other bird leaving the

area. To avoid bias in number of aggressive interac-

tions due to increased number of any one species,

multiple individuals engaging in an aggressive

encounter were only counted once, and noisy miners

and common mynas were recorded in a yes/no fashion

as either engaging in aggressive behaviour or not

engaging in aggressive behaviour for each stop, thus

multiple attacks in one visit were given the same

weight as only one attack.

Overall abundance and species diversity

Species diversity was defined as the total number of

species observed and overall abundance was defined

as the total number of individuals observed. Both of

these measures were calculated separately for each

transect (by combining observations over the four

stops), during each of the six two-monthly surveys.

The scores from the three breeding-season and three

non-breeding-season surveys, respectively, were then

averaged so that each transect was left with one

species diversity score and one overall abundance

score for each season.

Transect diversity was defined as the total number

of species observed at that transect, tallied over the six

surveys of the study. Note that transect diversity is not

simply a sum of the six species diversity scores

recorded during the six surveys, as a single species

observed during four of the surveys, for example,

counted as just one species for the purposes of the

transect diversity measure, not as four species. Tran-

sect abundance was defined as the total number of

individuals present at that transect, tallied over all six

surveys. This measure is simply a sum of the six

overall abundance scores recorded for each transect.

To explore the effect of habitat type on overall

abundance and species diversity, we conducted

repeated-measures ANOVAs, using each of the 45

transects as the basic replicates of the analyses. Habitat

type was entered as a between-transect factor (3 levels:

suburb, edge and bush), and season as the within–

transect factor (2 levels: breeding and non-breeding).

Core species

For analyses involving all subsequent dependent

variables we included only species that were present

in at least 5 of the 15 transects for each habitat type.

This elimination process resulted in 15 core species for

the suburb (including both noisy miners and common

mynas), 19 core species for the edge (which included

noisy miners but not common mynas), and 20 core

species for the bush (also including noisy miners, and

not common mynas).

Absolute abundance and relative abundance scores

Absolute abundance (the total number of sightings of a

given species) was recorded at every transect for each

core species of each habitat type. Absolute abundance

scores for each core species during the breeding and

non-breeding seasons were calculated for each tran-

sect by summing absolute abundance totals observed

at that transect during the October, December and

February surveys and the April June and August

surveys, respectively. An absolute abundance score

that combined data from the breeding and non-

breeding seasons was also calculated for noisy miners

and common mynas only.

Relative abundance scores for each core species at

each transect (for the breeding and non-breeding

seasons separately, as well as both seasons combined

for noisy miners and common mynas as described

above) were also calculated using the formula:

RAx ¼ AAx � AAP=n

where RAx is the relative abundance of species x, AAx

is the absolute abundance of species x, AAP is the

sum of all core species’ absolute abundance scores at

that transect, and n is the number of core species

observed at that transect. The resulting score was

negative if the number of a species was lower than the

mean for that transect and positive if the number of a

species was higher than the mean for that transect.

Species with an absolute abundance score of zero for a

given transect (indicating the species was never

observed at that transect) were still allocated a relative

abundance score for that transect as per the above

formula.
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Results

Effects of habitat type

Overall abundance did not differ significantly between

the habitat types (F(2,42) = 0.576, p = 0.567), or

between the breeding and non-breeding seasons

(F(1,42) = 1.069, p = 0.307), nor was it affected by

an interaction between these variables

(F(2,42) = 1.229, p = 0.303; Fig. 2a). Species diver-

sity was significantly different across habitat type

(F(2,42) = 3.688, p = 0.033). Post hoc contrasts

showed both bush (p = 0.04953) and edge

(p = 0.013) habitats had greater diversity than subur-

ban habitats, but bush habitats did not differ from edge

habitats (p = 0.579). There was also no main effect of

season on species diversity (F(1,42) = 1.409,

p = 0.242) and no interaction between season and

habitat type (F(2,42) = 0.312, p = 0.734; Fig. 2b).

Noisy miners were the most abundant species

recorded in suburb (333 sightings) and edge (374

sightings) habitats. They were also one of the most

abundant species sighted in the bush (157 sightings),

outnumbered only by small bush specialist wren

species, white-browed scrubwrens Sericornis frontalis

(193 sightings) and superb fairy-wrens Malurus

cyaneus (233 sightings). Common mynas by contrast

were not present in bush habitats, and were present in

only three of 15 edge habitat transects, coming to a

total of only six sightings. They were, however the

second most abundant species (139 sightings) in

suburban habitats after noisy miners.

Repeated-measures ANOVAs were used to inves-

tigate the effect of habitat type on absolute abundance

and relative abundance of noisy miners. Each transect

was the basic replicate of the analysis, and habitat type

was entered as a between-transect factor (3 levels:

suburb, edge and bush) and season (2 levels: breeding

and non-breeding) as a within-transect measure.

Noisy miner absolute abundance was not affected

by season (F(1,42) = 1.729, p = 0.196) but differed

significantly between the habitat types (F(2,42) =

3.229, p = 0.0496). Post hoc simple contrasts showed

a significant drop in numbers occurred in bush habitats

compared with edge habitats (p = 0.021), but did not

occur between suburb and bush (p = 0.059), or

between edge and suburb (p = 0.654; Fig. 3a). The

relative abundance of noisy miners was not affected by

season (F(1,42) = 1.366, p = 0.249) nor by an interac-

tion between season and habitat type (F(1,42) = 0.590,

p = 0.559), but the main effect of habitat type did

approach significance (F(2,42) = 3.070, p = 0.057).

Post hoc simple contrasts confirmed that noisy miner

relative abundance was significantly higher in the edge

Fig. 2 The overall abundance and species diversity across the

different habitat types. Overall abundance was not significantly

affected by either habitat or season (a), while species diversity

was significantly lower in the suburb than in either the edge or

the bush, although this effect was not seasonal (b). Different

uppercase letters (A, B) indicate significant differences between

variables
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compared to the bush (p = 0.021) habitats and also

tended to be higher in the suburb compared to the bush

(p = 0.091), but did not differ between the suburb and

the edge (p = 0.507; Fig. 3b).

Since 96 % of common myna sightings occurred in

suburban transects, formal analyses comparing com-

mon myna abundance across the three habitat types

were not conducted, however, paired-samples t-tests

were used to compare absolute and relative abundance

of common mynas between the breeding and non-

breeding seasons. Neither relative abundance

(t(14) = 1.006, p = 0.331), nor absolute abundance

(t(14) = 1.005, p = 0.332) of common mynas dif-

fered between the breeding and non-breeding seasons

in the suburban habitat.

Transect diversity

Given the nil effect of breeding season in the previous

analyses, the species diversity scores from each of the

six surveys of the study were combined to produce a

transect diversity score, reflecting the total number of

species observed at a given transect throughout the

study period. Pearson’s bivariate correlations were

then used to correlate these transect diversity scores

with common myna relative abundance and absolute

abundance across the 15 suburban transects. The same

analyses were conducted with noisy miner relative

abundance and absolute abundance across all transects

at each of the three habitat types.

With respect to common mynas, neither absolute

abundance (r = 0.036, n = 15, p = 0.898) nor rela-

tive abundance (r = 0.007, n = 15, p = 0.979) was

significantly correlated with transect diversity in

suburban habitat. The same was true for noisy miner

absolute abundance (r = -0.034, n = 15, p = 0.904)

and relative abundance (r = -0.066, n = 15, p =

0.816) in the suburban habitat and also for absolute

abundance (r = -0.087, n = 15, p = 0.757) and

relative abundance (r = -0.097, p = 0.731) in the

bush habitat. There were, however, significant nega-

tive correlations between noisy miner absolute abun-

dance (r = -0.636, n = 15, p = 0.011) and relative

abundance (r = -0.680, n = 15, p = 0.005), respec-

tively, and transect diversity in the edge habitat,

confirming that as noisy miner numbers increased, and

they became a larger proportion of the bird life, the

number of other species observed dropped.

Transect abundance

As described above for the species diversity scores, the

overall abundance scores were combined across the

six surveys resulting in each transect having a transect

Fig. 3 The noisy miner relative and absolute abundances

across habitat types. Both absolute (a) and relative (b) abun-

dances were significantly higher in edge sites than in bush sites,

and this was not affected by season. Different uppercase letters

(A, B) indicate significant differences between variables
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abundance score (which was the total number of

individual birds observed at that transect over the

entire study period). For the purposes of correlating

the transect abundance scores with noisy miner and

common myna abundance scores, as described below,

the numbers of noisy miners and common mynas,

respectively, were subtracted from the transect abun-

dance scores, such that each correlation examined the

association between abundance of a focal species

(either noisy miners or common mynas) and abun-

dance of all other core bird species.

Pearson’s bivariate correlations were used to cor-

relate transect abundance scores with noisy miner

absolute abundance scores in suburb, edge and bush

habitats, and with common myna absolute abundance

scores in the suburb only. There was no correlation

between noisy miner absolute abundance and transect

abundance in suburb (r = 0.174, n = 15, p = 0.534),

edge (r = -0.275, n = 15, p = 0.322) or bush

(r = -0.068, n = 15, p = 0.809) and also no corre-

lation between common myna absolute abundance and

transect abundance in the suburb (r = 0.413, n = 15,

p = 0.126). The same analyses were conducted using

relative (rather than absolute) abundance scores of

noisy miners and common mynas and these also failed

to reveal any significant correlation for common

mynas in the suburb (r = 0.267, n = 15, p = 0.335)

or for noisy miners in the suburb (r = 0.089, n = 15,

p = 0.752), edge (r = -0.358, n = 15, p = 0.191) or

bush (r = -0.169, n = 15, p = 0.547).

Core species’ relative abundances

To examine the association between the relative

abundance of noisy miners and common mynas,

respectively, and the relative abundance of other

species with which they shared a habitat, we con-

ducted a series of Pearson’s bivariate correlations

between each of the core species’ relative abundance

scores, and noisy miner relative abundance scores in

each of the three habitat types and common myna

relative abundance scores in suburban habitats (see

Tables 1, 2).

The resulting sets of r-values were converted to z0-
values (to achieve normality) using Fisher’s formula:

z0 ¼ 0:5� log 1þ rð Þ= 1� rð Þð Þ

Table 1 List of core species of the suburb habitat, and corresponding r-values derived from correlating these species’ relative

abundance scores with those of the noisy miner and common myna across the 15 suburban transects (n = 15 for all correlations)

Core species Noisy miners (Manorina

melanocephala)

Common mynas (Sturnus tristis)

Common name Scientific

name

Breeding

Season

Non-breeding

season

Breeding

season

Non-breeding

season

Australian magpie (n = 122) Cracticus tibicen -0.614 0.026 -0.384 -0.370

Australian raven (n = 42) Corvus coronoides -0.527 -0.300 0.039 -0.142

Common myna (n = 139) Sturnus tristis 0.069 -0.425 – –

Crested pigeon (n = 81) Ocyphaps lophotes -0.636 -0.503 -0.006 -0.303

Crimson rosella (n = 14) Platycercus elegans -0.728 0.152 -0.261 -0.190

Eastern rosella (n = 35) Platycercus eximius -0.616 -0.002 –0.185 -0.419

Grey butcherbird (n = 5) Cracticus torquatus -0.784 -0.374 –0.288 0.012

Laughing kookaburra (n = 42) Dacelo novaeguineae -0.381 0.214 –0.644 -0.196

Magpie-lark (n = 22) Grallina cyanoleuca -0.850 -0.292 -0.055 -0.056

Noisy miner (n = 333) Manorina melanocephala – – 0.069 -0.425

Pied currawong (n = 21) Strepera graculina -0.564 -0.144 -0.509 -0.197

Rainbow lorikeet (n = 80) Trichoglossus haematodus -0.352 0.407 0.008 0.211

Red wattlebird (n = 37) Anthochaera carunculata -0.249 -0.227 0.429 0.022

Sulphur-crested cockatoo (n = 37) Cacatua galerita -0.481 -0.259 0.060 -0.409

Spotted dove (n = 113) Streptopelia chinensis -0.675 -0.355 -0.097 0.689

Number in brackets after species name is the total sightings of that species in the suburban habitat
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To determine whether the relative abundance of

either noisy miners or common mynas exhibited a

stronger association with the relative abundance of the

other core species across the 15 suburban habitat

transects (and whether the strength of the associations

were affected by season), we conducted a repeated-

measures ANOVA on the resulting suburban habitat z0

scores with season (2 levels: breeding and non-breeding)

and species (2 levels: noisy miner and common myna)

both entered as repeated-measures). The z0 value

derived from the direct correlation between noisy miner

and common myna relative abundance was excluded.

Noisy miner z0 scores were significantly more

negative than common myna z0 scores (F(1,12) =

7.845, p = 0.016) and breeding season z’ scores were

significantly more negative than non-breeding season

z’ scores (F(1,12) = 14.013, p = 0.003). Both these

main effects were qualified by a significant species by

season interaction (F(1,12) = 17.879, p = 0.001) with

post hoc paired comparisons confirming that the noisy

miner breeding season z’ average was significantly

more negative than the noisy miner non-breeding

season z’ average (t(12) = 6.488, p \ 0.001) and the

common myna breeding (t(12) = 5.075, p \ 0.001)

and non-breeding (t(12) = 4.690, p = 0.001) aver-

ages. No other post hoc comparisons were significant

(all p [ 0.6). One-sample t-tests also confirmed that

only the noisy miner breeding season z’ average was

significantly less than zero (t(12) = 8.893,

p \ 0.001), with no difference found for noisy miner

non-breeding (t(12) = 1.714, p = 0.112) common

myna breeding (t(12) = 1.856, p = 0.088) or non-

breeding (t(12) = 1.032, p = 0.322). Overall, the

results demonstrate that, during the breeding season

only, higher numbers of noisy miners were signifi-

cantly associated with lower numbers of other species

Table 2 List of core species of the edge and bush habitats and corresponding r-values derived from correlating these species’

relative abundance scores with those of the noisy miner across the 15 transects of each habitat type (n = 15 for all correlations)

Core species Edge habitat Bush habitat

Common name Scientific name Breeding

season

Non-breeding

season

Breeding

season

Non-breeding

season

Australian magpie (n = 107, 29) Cracticus tibicen 0.046 0.000 -0.148 -0.217

Australian raven (n = 27, 39) Corvus coronoides -0.675 -0.202 -0.172 -0.449

Black-faced cuckoo-shrike (n = 18, 16) Coracina novaehollandiae -0.677 -0.104 -0.298 -0.320

Crested pigeon (n = 33, –) Ocyphaps lophotes -0.512 -0.233 - -

Crimson rosella (n = 20, –) Platycercus elegans -0.341 -0.194 -0.314 -0.374

Eastern rosella (n = 75, 23) Platycercus eximius -0.087 0.262 -0.142 -0.059

Eastern spinebill (n = –, 14) Acanthorhynchus tenuirostris – – -0.339 -0.653

Eastern whipbird (n = 15, 20) Psophodes olivaceus -0.822 -0.337 -0.136 -0.103

Golden whistler (n = –, 18) Pachycephala pectoralis – – -0.396 -0.408

Grey butcherbird (n = 18, 14) Cracticus torquatus -0.633 -0.253 -0.138 0.082

Grey fantail (n = 20, 56) Rhipidura albiscapa -0.803 -0.757 -0.324 -0.580

Lewin’s Honeyeater (n = 9, 40) Meliphaga lewinii -0.738 -0.594 -0.507 -0.555

Laughing kookaburra (n = 59, 51) Dacelo novaeguineae -0.081 -0.147 0.216 -0.057

Pied currawong (n = 32, 30) Strepera graculina -0.639 -0.055 -0.271 0.067

Rainbow lorikeet (n = 92, –) Trichoglossus haematodus 0.049 0.348 – –

Red-browed finch (n = –, 33) Neochmia temporalis – – -0.362 -0.399

Red wattlebird (n = 41, 9) Anthochaera carunculata -0.733 -0.383 -0.307 -0.190

Spotted dove (n = 72, 6) Streptopelia chinensis -0.484 -0.336 -0.220 -0.592

S0-crested cockatoo (n = 19, 17) Cacatua galerita -0.664 -0.370 -0.182 -0.200

Superb fairy wren (n = 118, 233) Malurus cyaneus -0.694 -0.700 -0.442 -0.111

White-browed scrub wren (n = 66, 193) Sericornis frontalis -0.705 -0.599 -0.210 -0.116

Missing values are due to not all species being a core species in both habitat types. Numbers in brackets after species name is the total

sightings of that species in edge and bush habitats respectively
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of birds, with no such association demonstrated for

common mynas (Fig. 4a).

To further investigate the association between noisy

miner abundance and the abundance of other core

species, we conducted another repeated-measures

ANOVA on the z0 scores calculated for associations

between noisy miners and all other core species in the

suburb, edge and bush habitats. Season (2 levels:

breeding and non-breeding) was entered as a repeated-

measure and habitat (3 levels: suburb, edge and bush)

was entered as a fixed factor. No significant main effect

of habitat was observed (F(2,48)=2.270, p = 0.114) but

there was a significant main effect of season (F(1,48) =

36.709, p \ 0.001) and a significant season by habitat

interaction (F(2,48) = 13.856, p \ 0.001). Post hoc

paired comparisons confirmed that the negative associ-

ation between abundance of noisy miners and other core

species was significantly stronger in the breeding season

for the suburb (t(13) = 4.414, p = 0.001) and edge

(t(17) = 5.341, p \ 0.001) habitats only, with no

difference between seasons in the strength of this

association found in the bush (t(18) = 0.821, p =

0.422). One-sample t-tests confirmed that the z0 average

was significantly less than zero (signifying a signifi-

cantly negative average association between the abun-

dance of noisy miners and that of other core species)

across all three habitats in the breeding season (suburb:

t(13) = 7.067, p \ 0.001; edge: t(17) = 6.906,

p \ 0.001; bush: t(18) = 6.722, p \ 0.001) and in the

edge (t(17) = 3.536, p = 0.003) and bush (t(18) =

5.042, p \ 0.001), though not the suburb (t(13) =

2.056, p = 0.060) in the non-breeding season (Fig. 4b).

Aggression

All sightings of common mynas and noisy miners in

suburban habitats and the respective number of

aggressive acts conducted by each species in this

habitat were tallied. Common mynas were recorded

conducting an aggressive act on two occasions out of

139 sightings (1.4 %), while noisy miners conducted

aggressive acts on 53 out of 333 (15.9 %) sightings in

suburban habitats. A Fisher’s 2 9 2 Exact Test (with

a = 0.05) demonstrated a significant association

between species and incidence of aggression

(p \ 0.001) with noisy miners significantly more

likely to display aggression than common mynas

within the suburban habitats.

As noisy miners occurred across all habitats, all

sightings in each of the three habitat types and

respective numbers of aggressive acts conducted by

noisy miners in these habitats were also tallied. In

addition to the 53 aggressive acts (of 333 sightings,

15.9 %) in suburban habitats, 57 aggressive acts out of

374 (15.2 %) sightings in edge habitats, and 14

aggressive acts out of 157 sightings in bush habitats

Fig. 4 The z0-values for noisy miners and common mynas in

suburban habitats only (a), and the z0-values for noisy miners

only across all habitat types (b). Noisy miner z0-values were

significantly lower during the breeding season than during the

non-breeding season, and during the breeding season were

significantly lower than common myna z0-values in either

season (a). Noisy miner z0-values were also significantly lower

in both suburb and edge habitats during the breeding season than

during the non-breeding season, and lower in both edge and

suburban habitats during the breeding season than bush habitats

in either season. Different uppercase letters (A, B) indicate

significant differences between variables
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(8.9 %) were recorded. A Pearson’s v2 test of contin-

gencies (with a = 0.05) was used to determine

whether habitat type was associated with the number

of aggressive acts conducted by noisy miners. There

was no association between frequency of noisy miner

aggression and habitat type (v2
ð2Þ ¼ 4:7, p = 0.097).

Discussion

This study examines the potential threat posed by

common mynas, an introduced Sturnid, and noisy

miners, a native honeyeater, by looking at their range

and abundance, and investigating their potential and

actual per-capita effect through examination of behav-

iour and relationship to the diversity and abundance of

other species (Parker et al. 1999), across habitat types

and seasons. Although mathematically quantifying

these parameters as indicators of a species’ total

impact is difficult (e.g. Thiele et al. 2010; Thomsen

et al. 2011), a broad examination could be expected to

reveal important trends. Direct comparison of these

two species within the one study area allows us to

make judgements about the relative severity of the

impacts of each species without the confounds intro-

duced by trying to compare across sites and across

studies.

In this study overall abundance did not differ by

habitat type, however species diversity was found to

be higher in bush and edge habitats than in suburban

habitats. These results were not affected by season.

Greater levels of diversity in remnant or bushland

areas compared to urbanised areas have been found by

numerous other studies (e.g. see Blair 1996; Chace and

Walsh 2006; McKinney 2008 for reviews).

Noisy miners were found in all three habitat types

in high numbers across seasons. They were the most

abundant species in both suburb and edge habitats, and

third most abundant in bush habitats. These findings

are not surprising, as an affinity for edge areas and

human modified habitats has been shown by numerous

other studies (e.g. Catterall et al. 1991; Grey et al.

1997; Hastings and Beattie 2006; Major et al. 2001)

and their ability to penetrate even dense bushland is

well known (Clarke and Oldland 2007; Eyre et al.

2009; Howes and Maron 2009). In parts of southern

Queensland they are even regularly recorded penetrat-

ing more than 20 km into bushland (Maron 2009).

Common mynas by contrast were found primarily

in suburban habitats, where they were the second most

abundant species after noisy miners, and only rarely in

edge habitats, where they probably occupied the more

suburban side of the transect. This finding is not

surprising, as common mynas are well known as urban

habitat specialists that rely heavily on human activity

(e.g. Counsilman 1974; Crisp and Lill 2006; Pell and

Tidemann 1997a; Sengupta 1968). Contrary to pre-

dictions made by Pell and Tidemann (1997b), com-

mon mynas in this study did not appear to be capable

of penetrating bushland. It should be noted that the

bushland surrounding the Newcastle area in which this

study was conducted differs dramatically from the

sparse, open woodland found around the Canberra

region where studies by Pell and Tidemann (1997b)

and Grarock et al. (2012) took place, and may explain

the difference in these findings.

A negative correlation between noisy miner abun-

dance and species abundance and diversity has been

shown by numerous other studies across Australia,

including the coastal city of Sydney (Parsons et al.

2006), the inland wheat belt of New South Wales

(Major et al. 2001), the foothills of the Great Dividing

Range in Victoria (Grey et al. 1997), and a multitude

of sites ranging from Victoria to Queensland (Mac

Nally et al. 2012). Noisy miner abundance in this study

was negatively associated with species diversity in

edge habitats. During the breeding season in both the

suburb and edge habitats, an increase in noisy miner

relative abundance was associated with a decrease in

abundance of other species. This effect was not

observed during the non-breeding season. Noisy

miners are well known for aggressive nest defence

behaviour via group mobbing (Arnold 2000; Maron

2009), and it may be that the prominence of this effect

during the breeding season is due to differences in

territorial behaviour in the presence of nestlings or

fledglings. As noisy miners were less abundant in bush

habitats than edge habitats, and associated with

decreased species diversity in edge habitats, it may

be that noisy miners are primarily using edge habitat

for breeding, and aggressively excluding other species

most prominently in this location. We did not observe

a difference in aggression levels across habitats,

however, which is inconsistent with this interpretation.

We examined aggression only at a fairly coarse level,

though, and more detailed recording of the specifics of
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aggressive acts, such as their nature and efficacy

across various habitats, might be informative.

We found no evidence that common myna abun-

dance was associated with diversity or abundance of

other species in the suburban habitats where they were

found, but no comparable analysis could be conducted

in bush or edge habitats as presence of common mynas

in these was extremely low. In a study of suburban

gardens in Sydney, Parsons et al. (2006) also found

common mynas were not associated with a decrease in

species diversity. However, this finding is contradicted

by more recent findings from Canberra (Grarock et al.

2012). Several possibilities exist here to explain this

difference in results. First, it may be that the habitats of

Newcastle and Sydney are less conducive to effective

competition or exclusion by common mynas than that

of Canberra due to different environmental factors.

For example, Newcastle and Sydney are both coastal

cities that receive high levels of rainfall, which

supports substantially more vegetative growth than

the inland city of Canberra. It may be that this increase

in vegetation gives native birds in Newcastle and

Sydney a competitive edge that birds in Canberra do

not have. Canberra also frequently experiences lower

temperatures during winter than either of the coastal

cities, and common mynas may be better able to

withstand this than some native birds, again providing

a competitive edge. Aside from potential differences

in environmental factors, the different methodologies

of the studies need to be considered. Grarock et al.’s

(2012) findings consider an extensive dataset, spanning

29 years and including over 74,000 surveys, while our

study and that of Parsons et al. (2006) are much smaller

and span 1 year or less. A finding of impact by common

mynas over a lengthy period of time and using a large

amount of data, but not during shorter-term studies,

indicate that the impact of this species may be gradual

and subtle. On the other hand, the impact shown by

noisy miners is readily picked up in studies spanning

even a few months, suggesting it may be far more

acute. These impacts are likely to become even more

apparent as the range and abundance of noisy miners

continues to increase (Barrett et al. 2007).

The high levels of aggressive behaviour in noisy

miners found by this study have been documented

elsewhere (e.g. Clarke 1984; Dow 1977, 1979; Loyn

1987). Other closely related miner species, such as bell

miners Manorina melanophrys are known to exhibit

similar behaviour, and are even capable of completely

altering habitat characteristics through aggressive

exclusion of all other insectivorous birds, resulting

in an increase in abundance of sap-sucking plant

parasites such as psyllid insects (Homoptera: Psylli-

dae) and a corresponding decrease in tree health

(Clarke 1984; Clarke and Schedvin 1997b; Dare et al.

2007). Common mynas on the other hand have a long,

but mostly anecdotal history of displaying aggression,

which was not reflected in the results of this study.

Recent studies on common myna feeding behaviour

suggests that reports of aggression may have been

exaggerated (Haythorpe et al. 2012; Lowe et al. 2011),

and it has also been suggested (Haythorpe et al. 2012)

that their reputation may be in part due to similarities

in the names and appearances of common mynas and

noisy miners, leading to identification issues sur-

rounding observations of aggressive interactions by

the general public. Previous anecdotal reports of

common myna aggression primarily relate to nesting

behaviour, including defence of nestlings and compe-

tition for nesting resources. While this specific

behaviour is clearly of importance in the consideration

of impact by common mynas, any bias in this study

towards aggressive behaviour due to the proximity of

nest sites in relationship to transect locations should

actually favour more aggressive behaviour in common

mynas than noisy miners, as common mynas are prone

to nesting in modified habitats (Counsilman 1974)

while noisy miners prefer to nest in natural vegetation,

and aggressive behaviour was compared across sub-

urban locations only. However, even with this

potential bias noisy miners were significantly more

aggressive than common mynas.

To determine the impact of any species we must

consider in which range or areas they could pose a

threat, which species they have the potential to affect,

the possible strength or magnitude of this effect, and

the method by which it may come about. The inability

of common mynas to penetrate dense bushland calls

into question their predicted threat to native wildlife

and diversity, at least in the Newcastle area. Although

the importance of urban regions to biodiversity is

clearly higher than historically thought (Goddard et al.

2010), any potential threat common mynas pose

appears to be to the species in this region only—

typically either other suburban habitat specialists, or

habitat generalists.

Noisy miners, in contrast to common mynas, were

found to be highly abundant in all habitat types.
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Threatening behaviour from noisy miners is thus

capable of affecting both habitat specialists and habitat

generalists. In addition, it is clear that noisy miners do

not just exist in these habitats, but thrive in them, as

they were the most abundant species recorded in this

study. A typical characteristic of species considered to

be ‘invasive’—in this case, capable of having a

widespread impact on a habitat—is the tendency to

be present in comparatively high numbers (Colautti

and MacIsaac 2004; Kolar and Lodge 2001; Richard-

son et al. 2000). In such cases, even relatively benign

behaviours or processes may pose serious threats when

amplified due to a species’ overabundance. Although

common mynas may appear to be highly abundant,

they were found in substantially lower numbers than

noisy miners. Their localised nature has perhaps led to

overestimation of numbers, while high abundance of

noisy miners in less frequented bushland areas goes

relatively unobserved.

There is substantial evidence to suggest that noisy

miner overabundance is correlated with a decrease in

the diversity and abundance of other bird species (e.g.

Grey et al. 1997, 1998; Mac Nally et al. 2012; Major

et al. 2001; Maron et al. 2011; Parsons et al. 2006). In

addition the findings of this study suggest that this

effect fluctuates under various conditions, such as

habitat type and breeding status. While it is possible

that this effect could be coincidental, as bird species are

affected by the same habitat modifications that favour

noisy miners (rather than directly being affected by the

noisy miners themselves), a substantial number of

experimental studies have addressed this question, and

generally conclude that a causal relationship does exist

(Debus 2008; Grey et al. 1997, 1998; Kath et al. 2009;

Mac Nally et al. 2012; Maron et al. 2011; Piper and

Catterall 2003). The most likely method for noisy

miners to negatively affect the abundance of small bird

species is through aggressive exclusion (Dow 1977,

1979). Aggressive behaviour is likely to cause most

impact in locations and during times when breeding is

occurring, when noisy miners are aggressively defend-

ing nestlings through group mobbing behaviour

(Arnold 2000). In support of this, we found noisy

miners had an impact on the diversity and abundance of

other species in primarily the edge habitat type during

the breeding season, although aggressive behaviour

was consistent across habitat types, suggesting that

actual instances of aggression may not be the only part

of a strategy designed to exclude other species.

Common mynas, by contrast, were not correlated

with a decrease in diversity or abundance of other

species in this study, and other studies (Parsons et al.

2006) have also been unable to find such a correlation.

In addition, common mynas in this study were only

infrequently observed engaging in aggressive behav-

iours, and a recent study (Lowe et al. 2011) has

similarly found that common mynas rarely initiated

interspecific aggressive attacks, and did not interfere

with other foraging birds, a finding also supported by

our previous research in this area (Haythorpe et al.

2012).

Conclusions

This study provides data on the range, abundance, and

behaviours of noisy miners and common mynas and

their associations with the abundance and diversity of

other bird species in the Newcastle region. Noisy

miners in this study were present in all three habitat

types, while common mynas were only present in one

habitat type (suburbs). While it remains possible that

common mynas are negatively affecting some rare

species, their restricted distribution suggests that this

is unlikely; by contrast a range of rare species may be

impacted by noisy miners. Noisy miners were highly

abundant in all three habitat types, being the most

abundant in suburb and edge habitats, and third most

abundant in bush habitats. Common mynas were

second most abundant in suburban habitats, the only

habitat in which they were found. Noisy miners were

associated with a decrease in diversity in edge

habitats, and a decrease in abundance in edge and

suburban habitats during the breeding season only,

while common mynas were not associated with a

decrease in diversity or abundance at any time. This

effect may have been driven by aggressive exclu-

sion—noisy miners were observed initiating aggres-

sive attacks significantly more often than common

mynas, and did so consistently across habitat types.

We conclude that noisy miners may have the potential

to have a greater impact on wildlife than common

mynas in this area.

Perhaps because habitat alteration is so often

accompanied by the spread of introduced species

(Hobbs and Huenneke 1992; Vitousek et al. 1997),

there is a tendency to focus attention on these species

when assessing likely impacts on native assemblages.
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In reality, in today’s increasingly urbanised environ-

ment, virtually all species are to some extent intro-

duced, as few exist now in the same environments in

which they evolved competitively. For some species

this has provided an advantage, allowing them to

increase in number dramatically and leading to

detrimental impacts on the environment. These are

of even greater concern if that species is also capable

of subsequently migrating into areas previously unaf-

fected, as this will impact not just the urban environ-

ment, which is already highly degraded by other

anthropogenic factors, but more diversity-rich rem-

nant bushland areas as well, which are more likely to

contain rare or threatened species. Species usually

considered to be ‘introduced’ frequently cannot sur-

vive outside urban centres, and thus their ability to

impact the regions of greatest conservation value is

limited.

As the current study suggests, greater risks might be

posed by native species with artificially increased

numbers than by introduced species with ranges

restricted to highly urbanised environments. It may

be that in environments that have been dramatically

altered by human activity the species with the greatest

capacity to adapt to these alterations and colonise a

range of different habitats are the most likely to

negatively impact on other species. As in the current

system, these species need not be introduced.
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