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THESIS SUMMARY

Some species have thrived in human altered landscapes, even to the point of
becoming overabundant. This thesis addresses one of these species, the Bell Miner
Manorina melanophrys. Interest has been focused on Bell Miners as the presence
of colonies appears to be increasingly associated with a decline in or death of the
eucalypt canopy, Bell Miner-associated dieback (BMAD). The aim of this thesis is to
further our understanding of the Bell Miner and the processes driving habitat
selection by the species.
I examined the social dynamics involved in colonisation of a new area and found
that colonisation can be carried out via two pathways, a breeding pair with their
contingent of helpers or a group of bachelor males. This study explored the
importance of habitat features and confirmed that colonisation of a site is linked to
the presence of a dense understorey with strong evidence that this is a nesting
requirement. I explored the association between Bell Miners and psyllids finding that
colonies were associated with higher abundances of psyllids than sites without Bell
Miners but a high density of psyllids is not required for Bell Miners to colonise an
area and colonisation does not necessarily lead to an infestation. Colonies will
persist at a site with no or very low abundances of psyllids. My study is the first to
test the hypothesis that the Bell Miners inefficiency in eliminating psyllid infestations
can be partly explained by their feeding pressure on the arthropod predators and
parasites of psyllids. A removal experiment found no evidence to support this
hypothesis. I found no causal relationship between Bell Miners and psyllid
infestations. Their behavior may exacerbate the situation once psyllids are
approaching infestation levels but it appears disturbance and/or environmental
factors are behind the initiation of psyllids.
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CHAPTER ONE
Chapter 1
General Introduction
Overabundant species
Human alteration of the landscape has, for the most part, had negative
consequences for many organisms (Pimm and Raven 2000). Extinctions induced by
human alteration of the landscape reduce variation and result in a surviving subset
of species that have some degree of ‘resistance’ (Swihart et al. 2006). Although
much attention in conservation biology has been devoted to declining species, some
species have thrived in these altered landscapes, even to the point where these
native species have become overabundant. In some cases species have become
overabundant and created problems locally, whilst remaining in need of protection
over most of their range (e.g. African Elephant Loxodonta africana see Garrot et al.
1993). Other species have expanded both their range and abundance. Such
increases in abundance can have consequences for both habitat condition and
other wildlife (see below). Overabundant species can introduce or spread infectious
diseases, change the diversity or relative abundance of sympatric species and even
lead to local extinctions. Their impacts on less resilient species can be irreversible
(Garrott et al. 1993). Three examples highlight the challenges such species can
pose to the conservation of biodiversity.
The White-tailed Deer Odocoileus virginianus has benefited from changes to the
eastern USA landscape for agriculture and silviculture, and to a lesser degree game
management (Waller and Alverson 1997). This species favours edge and early
successional habitat (Waller and Alverson 1997). Creation by humans of gaps and
grassy openings in areas previously dominated by mature forest has led to an
expansion of habitat suitable for this species. Overabundant deer populations
appear to be leading to increasing, and severe, ecological and economical
consequences (Waller and Alverson 1997). Heavy browsing by this species has a
number of ecological consequences. Grazing habits appear to strongly affect the
abundance and composition of trees and shrubs. Selective grazing on seedlings
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and saplings gives a competitive advantage to less palatable species and the
reduction of understorey from grazing pressure is believed to allow more light to the
canopy floor, which in turn favours more light-demanding species (Whitney 1984).
Under extreme grazing pressure, the seedlings and saplings of all tree species may
be eliminated and stands with grassy or fern-dominated understoreys emerge
(Waller and Alverson 1997). It has been suggested that exclusion for periods of up
to 70 years may be required for the recovery of shade-tolerant species (Anderson
and Katz 1993). White-tailed Deer also appear to be having a negative impact on
herbaceous communities where palatable species may be overgrazed even when
other species are showing little or no impact (Waller and Alverson 1997). Impacts
also appear to extend to other trophic levels e.g. higher densities of White-tailed
Deer have been linked to a decline in the abundance and species diversity of
intermediate canopy-nesting songbirds (deCalesta 1994).
The Brown-headed Cowbird Molothrus ater is the only obligate brood parasite in
North America (Brittingham and Temple 1983). Like the White-tailed Deer, this
species has benefitted from the fragmentation of forest areas, with clearing of land
for settlement and agriculture (Brittingham and Temple 1983; Robinson et al. 1995).
Populations of Brown-headed Cowbird and the incidence of brood parasitism have
been increasing since 1900; an increase believed to stem from an increase in the
supply of winter food crops and wintering habitat (Brittingham and Temple 1983).
Historically, this species had a foraging relationship with Bison Bison bison, but they
have readily adapted to domestic livestock and are now one of the most widespread
birds in the USA (Goguen and Matthews 1999; Robinson 1999). Many songbirds of
the eastern deciduous forests have declined with the loss of habitat, and are now
restricted to small pockets of forest; areas prone to brood parasitism by the Brownheaded Cowbird, which is highest when there is less forest cover (Robinson et al.
1995) and nearby open habitat (Brittingham and Temple 1983). Brood parasitism
by the Brown-headed Cowbird was found to reduce the reproductive success of
certain songbirds and is now being implicated in their decline (Brittingham and
Temple 1983).
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The Barred Owl Strix varia, previously restricted to eastern USA, has been
expanding its range into western USA (Dark et al. 1998; Buchanan et al. 2007;
Gutiérrez et al. 2007). This expansion includes the range of the threatened Spotted
Owl S. occidentalis. The Barred Owl is now being implicated as a contributing factor
in the decline of the Spotted Owl. Negative impacts on the Spotted Owl include
interference competition of social behaviour (Gutiérrez et al. 2007), exclusion from
territories and hybridisation (Dark et al. 1998). Whilst the reasons for the expansion
of the Barred Owl’s range are still not entirely clear, it is suspected that the
establishment of riparian vegetation and other tree plantings may have facilitated
the species’ dispersal from the eastern United States, and that the mosaic of
habitats caused by logging favours the more adaptable Barred Owl (Dark et al.
1998). Together, these three examples highlight the need to better understand the
factors that lead to native species becoming overabundant and the consequences
to whole ecosystems.

The Miners
European settlement of Australia resulted in rapid and dramatic modification of the
vegetation (Hobbs and Hopkins 1990). From as early as 1803, warning bells were
ringing about the negative impacts land clearing was having, particularly in the
riparian zone (Reeve 1988). Many of the forms of land degradation known to us
today appear to have been present before 1850 (Reeve 1988). Extensive clearing of
woodlands, with only comparatively small fragments remaining, has led to a
widespread decline in woodland bird species (Robinson 1991; Major et al. 2001).
However, not all birds have suffered negative consequences from this altering of the
landscape; it appears that the clearing of continuous forests and woodlands for
human land use has actually favoured honeyeaters from the genus Manorina. The
Noisy Miner Manorina melanocephala occupies and dominates remnant patches of
woodland and fragmented patches of forest, aggressively excluding other
insectivorous birds (Dow 1977; Grey et al. 1997; Piper and Catterall 2003; Clarke
and Oldland 2007). Communal breeders, they form sedentary colonies of up to
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several hundred birds, covering as much as 40 ha (Dow 1977). The absence of
other avian insectivores from these patches of land appears to be the result of Noisy
Miner aggression, rather than patches being too small to support viable populations
of other insectivorous birds (Grey et al. 1997; Major et al. 2001; Piper and Caterall
2003). This exclusion of other insectivorous birds is postulated to reduce the level of
predation on defoliating insects (Grey et al. 1997).
It is a similar story for the smaller Bell Miner M. melanophrys. Bell Miners are
endemic to south eastern Australia. They are insectivorous but feed largely on lerp,
a sugary protective covering built by psyllids (Hemiptera; Psylloidea); sap-sucking
insects (Swainson, 1970; Loyn et al., 1983; Wykes, 1985; Loyn, 1987). Bell Miners
live in colonies with sub-groups, coteries, occupying discrete foraging and breeding
territories (Clarke 1989). They aggressively defend this territory, resulting in the
exclusion of other avian insectivores that would also have consumed psyllids (Smith
and Robertson 1978). Whilst there is currently no supportive data, it is widely
believed that the Bell Miner is increasing in range and abundance (Wardell-Johnson
and Lynch 2005; Wardell-Johnson et al. 2006). Some authors have suggested that
Bell Miners are more likely to be associated with disturbed habitats or adjacent to
disturbed habitats (Loyn, 1987; Stone et al., 1995; Stone, 1996, 1999; Kavanagh
and Stanton 2003). It has been postulated that landscape modification that opens
up the overstorey canopy, creating a denser understorey, favours the Bell Miner
(Stone 1999; Wardell-Johnson et al. 2006). Throughout their range the occurrence
of Bell Miners is often associated with a high abundance of psyllids accompanied by
poor tree health or eucalypt dieback (Chandler 1922; Loyn et al., 1983; Wykes,
1985; Poiani, 1993a; Stone, 1996).

Eucalypt Dieback
Although the causes may differ, symptoms of eucalypt dieback include progressive
thinning of the crown from branch ends to the trunk followed by death of the
branches of the crown (Close and Davidson 2004). New leaf development
subsequently tends to be epicormic, and in many cases, decline leads to the
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eventual death of the tree (Old 2000; Close and Davidson 2004). First recognized in
the Jarrah Eucalyptus marginata forests of Western Australia in 1921, ‘Jarrah
Dieback’, dieback caused by the fungal pathogen, Phytophthora cinnamomi, has
now been recognized in Victoria, South Australia and Tasmania (Fagg et al. 1986;
Shearer and Smith 2000). The pathogen Armillaria luteobubalina has also been
implicated in dieback in Victoria (Kile 1981). Eucalypt dieback in forests has also
been associated with stem and butt rots; protracted drought; and natural succession
(Old 2000; Podger and Keane 2000). By 2002, in New South Wales (NSW) there
were estimated to be more than 100 000 ha of severely declining stands of
eucalypts in coastal state forests, with an average patch size of about 40 ha (Jurskis
2005a). Dieback in woodlands is associated with an abundance of defoliating
insects, with water stress and nutrient enrichment implicated in the increase in
abundance (Landsberg and Wylie 1983; Landsberg et al. 1990). Rural dieback, the
premature death of trees on pastoral and agricultural lands, of varying severity has
been recorded in most states of Australia (Landsberg and Wylie 1983) and the
agents implicated include defoliators, pasture management, grazing, salinity and
canker fungi (Old 2000; Close and Davidson 2004). The difficulty in diagnosing the
underlying cause or causes of eucalypt dieback is that eucalypts are exposed to
many stresses, biotic and abiotic, that are unfavourable to growth and survival
(Landsberg and Wylie 1983; Old 2000). Separating predisposing factors from
inciting factors can be difficult (Old 2000).

Bell Miner Associated Dieback
An association between the presence of Bell Miners and unhealthy eucalypts was
first reported in 1922 (Chandler 1922). It has recently been labelled Bell Miner
Associated Dieback (BMAD). In Victoria, BMAD has been linked to the extensive
decline of isolated patches of native forest around the outer areas of Melbourne
(Wardell-Johnson et al. 2006).Tens of thousands of hectares in north-eastern New
South Wales are currently affected and over 2.5 million ha is considered potentially
vulnerable (Wardell-Johnson et al. 2005). A substantial, but unknown, area of southeastern Queensland is similarly affected (Wardell-Johnson et al. 2006). This is an
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issue that affects both public and private land and there is currently considerable
effort being put into mapping the extent of the problem (Wardell-Johnson et al.
2006) and it has recently been listed as a Key Threatening Process in NSW
(Schedule 3 of the Threatened Species Conservation Act 1995).
A number of hypotheses have been postulated to explain BMAD and the role that
Bell Miners play. There are two lines of thought on the driving forces in these
systems; bottom-up forces and top-down forces. Bottom-up hypotheses implicate
factors such as climate, disturbance and changed fire regimes as the causal factors
of BMAD. Bell Miner associated dieback is just one of a number of eucalypt dieback
events happening throughout Australia and Florence (2005) argues that the
common thread through them all is some form of stress or imbalance within forest
communities. Opposing hypotheses propose that top-down forces lead to eucalypt
dieback in the presence of Bell Miners, that is, the Bell Miners themselves are, in
some way, causing the death of canopy trees within the colony’s territory.

Bottom-up hypotheses
In general, outbreaks of psyllids appear to be primarily driven by the prevailing
weather (Moore 1961, 1962; Clark 1962, 1964a; Clark and Dallwitz 1975).
Outbreaks of psyllids throughout Australia have been found to be correlated with
sudden increases in the stress index, that is, a measure of the difference in rainfall
between winter and summer (White 1969). Periods of outbreaks appear to be
characterized by winters that were wetter than usual followed by unusually dry
summers (White 1969). White’s (1969) ‘plant-stress hypothesis’ suggests that this
physiological stress on the plant imposed by water-logging, followed by an acute
shortage of water, leads to increased production of nitrogen that is then available for
the phloem-feeding psyllids. Water stress experiments confirmed an increase in
available nitrogen but phloem feeders, such as psyllids, were adversely affected by
continuous water stress, rather than thriving as seen in the field (Huberty and
Denno 2004). The explanation for this failure to thrive, despite an increase in
available nitrogen, appears to lie with a phloem feeder’s need for positive turgor
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pressure to extract plant nitrogen (Huberty and Denno 2004). The pulsed stress
hypothesis (Huberty and Denno 2004) postulates that bouts of stress, followed by
the return of turgor, allows phloem feeders, and other sap-feeders, to take
advantage of the stress-induced increase in available nitrogen. This is supported by
the field observations of White (1969), who recorded infestations occurring in
autumn and winter; wetter periods when water turgor would have been positive. In
Yellingbo, Victoria, BMAD occurred in Swamp Gum Eucalyptus ovata river-flats on
lower lying ground prone to waterlogging (Wykes, 1985). Adjacent to, and generally
on higher ground, were healthy patches where Manna Gum E. viminalis was more
abundant than E. ovata. Whilst waterlogging was a natural process in this
ecosystem, it is believed that seasonal watertable regimes altered, and the severity
of waterlogging increased, as a result of clearing in the catchment and construction
of a dam in headwaters of the creek (Woinarski and Wykes, 1983). Bell Miners are
known to favor wetter areas, e.g. wet sclerophyll vegetation adjacent to waterways
and gullies, and Stone et al. (2008) have proposed that moister sites provide the
psyllids with the required positive turgor to extract available nitrogen allowing them
to reach damaging densities.
Landsberg (1990) found that environmental stress applied experimentally caused a
reduction in foliar quality, including nitrogen levels, and hypothesised that enhanced
foliar quality of the foliage of dieback trees is more likely to be the result of improved
growing conditions, e.g. improved soil fertility, than environmental stress. This ‘plant
vigour hypothesis’ suggests that herbivores preferentially feed on vigorous plants
and that favourable growing conditions lead to enhanced nutritional quality of trees
(Price 1991). Price (1991) stresses that this should not be seen as an opposing
hypothesis to the plant stress hypothesis, rather they are more likely to be relevant
to two ends of a spectrum of plant-herbivore interactions.
It has been postulated that a reduction in low intensity fires leads to changes in soil
conditions and the occurrence of eucalypt dieback, including BMAD, can be
attributed to this (Jurskis and Turner 2002; Jurskis 2005a). Many believe that since
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European settlement of eastern Australia fire regimes have been modified from
frequent low-intensity fires carried out by the indigenous people to infrequent highintensity fires (Jurskis et al. 2003; Jurskis 2005a,b; Florence 2005), though this is a
contentious issue (see Benson and Redpath 1997). Exclusion of fire is postulated to
promote eutrophication, nutrient imbalances, unnaturally shrubby and weed infested
understoreys and declining health in eucalypts (Jurskis and Turner 2002; Jurskis et
al. 2003). These changes in nutrient cycles and soil health are thought to
subsequently lead to more favorable conditions for pests, such as psyllids, and
disease (Jurskis 2005b). To date there has been no site-based data or experimental
evidence linking changed fire regimes to soil nutrients, psyllids or Bell Miners
(Wardell-Johnson et al. 2005).

Top-down hypotheses
Top-down hypotheses that have been postulated to account for BMAD have
typically been centred on the extreme levels of interspecific territoriality exhibited by
the species. Bell Miners are an aggressive species, with all individuals within a
colony (irrespective of age, sex or breeding status) sharing the role of defending the
colony’s territory against other birds, including those much larger than themselves
(Smith and Robertson 1978; Loyn et al. 1983; Loyn 1987; Clarke and Fitz-Gerald
1994). Any avian intruder present between the canopy and the top of the
understorey is attacked. Small intruders, presumably potential competitors, are
often pursued beyond the boundaries of the colony’s territory (Smith and Robertson
1978). Birds that confine their activities to the understorey seldom come under
attack (Smith and Robertson 1978; Clarke and Fitz-Gerald 1994).
Loyn et al. (1983) found that the removal of Bell Miners from an area resulted in an
influx of a variety of other insectivorous birds, including those that also feed on lerp
and psyllids e.g. Striated Thornbills Acanthiza lineata, White-naped Honeyeater
Melithreptus lunatus, Crimson Rosella Platycercus elegans, Eastern Rosella P.
eximius and Spotted Pardalote Pardalotus punctatus. They reported that in the six
months following removal of Bell Miners the eucalypts exhibited a flush of epicormic
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growth , which Loyn et al. (1983) interpreted as a sign of recovery by the trees.
Clarke (1984a) witnessed a similar rapid influx of avian insectivores following the
natural abandonment of a site by Bell Miners, including Spotted Pardalote, Whitenaped Honeyeater, and Eastern Rosella. Clarke and Schedvin (1999) had similar
results, with an immediate influx of avian insectivores following the experimental
removal of a Bell Miner colony, and a short-term increase in avian diversity. Clarke
and Schedvin (1999) noted that Bell Miners were able to return to a site before the
density of psyllids had risen to high levels, and that following their return psyllid
numbers rose substantially, suggesting that perhaps Bell Miners did enhance the
growth of psyllid populations. However, they also found that removal of Bell Miners
from a site did not lead to the recovery of the eucalypts in the subsequent 30
months, suggesting that trees were primarily stressed by some other factor or
factors.
Whilst an area that contains Bell Miners may have a lower diversity of birds than an
area without Bell Miners, it tends to have a greater abundance of birds than a
comparable site lacking Bell Miners (Loyn et al. 1983; Clarke and Schedvin 1999). If
bird density is higher in the Bell Miner colony, then exclusion of other avian
insectivores alone may not lead to the infestations of psyllids. However, Bell Miners
appear to be less effective at reducing the abundance of psyllids than the
insectivores they are excluding (Loyn et al., 1983; Loyn, 1995; Clarke and Schedvin,
1999). Following their removal experiment, Loyn et al. (1983) noted that with the
influx of other insectivorous birds the number of psyllids at the sites dropped rapidly.
Bell Miners were observed to feed for about 36% of daylight hours, consuming
psyllids or lerp at a mean rate of 12 per minute. By comparison, other species were
noted to feed almost continuously during daylight hours, consuming psyllid and lerp
at mean rates of about 25 per minute. Crimson Rosellas, which are mainly
frugivorous, were noted to consume psyllids and lerp at mean rates of 48 per
minute. Loyn et al. (1983) estimated that the flock as a whole was consuming 650
psyllids or lerp per minute compared to the 280 per minute consumed when the Bell
Miners were present. Such differences in foraging rates between Bell Miners and
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the birds they displace may be sufficient to account for psyllids reaching infestation
levels within the territories of Bell Miner colonies. However, Loyn et al. (1983) went
further and also suggested that Bell Miners had a special feeding mechanism,
whereby they left behind the psyllid to produce another lerp. This has become
known as the ‘farming hypothesis’ (Loyn 1987). Loyn (1987) claimed that by
excluding avian competitors, avoiding eating small psyllids and selectively eating
large lerp, whilst leaving behind the psyllid nymphs, Bell Miners were in fact
behaving as ‘farmers’, defending the psyllid and harvesting the lerps it produced.
Whilst there is plenty of support for the conclusion that Bell Miners are protecting
their food resource by aggressively excluding insectivorous competitors (Smith and
Robertson 1978; Loyn et al. 1983; Loyn 1987; Clarke and Fitz-Gerald 1994), the
feeding mechanism component of Loyn’s hypothesis has not been supported (see
Poiani 1993a and Loyn 1995). Poiani (1993a) examined the stomach contents of
122 Bell Miners and found no evidence that Bell Miners are selectively consuming
lerp without psyllids or consuming lerp without psyllid more often than other avian
insectivores. However, recent research on a captive population at Macquarie
University found that when compared to their congener the Noisy Miner, Bell Miners
were more likely to leave behind the psyllid when consuming a lerp than Noisy
Miners, and that if the psyllid was not consumed, it was likely to be viable i.e. able to
produce another lerp (Haythorpe and McDonald 2010).
Despite the large volume of research conducted on the behavior of Bell Miners (see
Higgins et al. 2001 for overview), an extensive review of the literature by WardellJohnson et al. (2006) highlighted at least three key aspects of the species’ ecology
that needed to be examined if we were to better understand and manage this
overabundant species:
1. the form of forest structure most favoured by Bell Miners.
2. the conditions necessary for the commencement of a Bell Miner colony
3. the association between Bell Miners, habitat characteristics and psyllid
outbreaks
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Overview of Thesis Structure
Chapter Two
Wardell-Johnson et al. (2005, 2006) highlighted how little we currently understand
about the habitat requirements of this species. As habitat modification, to exclude
Bell Miners, is regularly being recommended as a solution to BMAD, I believed a
more intensive examination of the habitat requirements of Bell Miners was required.
The literature presents some clues as to what makes habitat attractive to Bell
Miners. There appears to be a preference for open eucalypt forest (Higgins et al.,
2001) and forests in broad valley bottoms in the lowlands, rather than more shaded
gullies or wetter forest at higher altitudes (Loyn, 1993). A common feature appears
to be a dense understorey (Woinarski and Wykes, 1983; Loyn, 1993), which
appears to be an important requirement for roosting and nesting (Clarke and
Heathcote, 1990; Higgins et al., 2001). Smith and Robertson (1978) found that Bell
Miners did not occupy an area with a grassy understorey that separated areas with
shrubby understorey that they inhabited, though this was an anecdotal observation
and not tested experimentally. In north-eastern NSW no understorey variables were
found to be significantly related to the presence of Bell Miners, though it appeared
that the amount of Lantana Lantana camara foliage cover was greater at sites with
Bell Miners (Bower, 1998). Bower (1998) surprisingly found that a reduction in
understorey cover values was a robust predictor of the presence of Bell Miners. He
suggests that treating Lantana, which dominated the understorey, as a separate
variable, may have skewed regression results (Bower, 1998). A later study in central
and northern NSW found that larger colonies tended to exist near drainage lines, a
possible indication of a preference for moist forests which have a dense understorey
(Kemmerer et al. 2008). Some authors have suggested that Bell Miners are more
likely to be associated with disturbed habitats, such as regrowth forest (Loyn, 1987;
Stone, 1996) or adjacent to disturbed or cleared areas such as roads, powerlines or
forest fragmentation due to urbanisation (Stone, 1999). A NSW study noted that
BMAD appeared more likely to be associated with areas that had been logged than
11
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nearby undisturbed areas which appeared to be in good health (based on aerial
observations) and from which Bell Miners were believed to be absent (Stone et al.
1995). Stronger support for this hypothesis through ground surveys of these
undisturbed areas was prevented by inaccessibility. In a comparative study of
logged and unlogged forest, in Bega NSW, Bell Miners were significantly more
common in logged areas (22 years after logging) than adjacent unlogged forest
(Kavanagh and Stanton, 2003). By this stage regenerating eucalypts on logged
sites had almost reached the height of trees on unlogged coupes and the
understorey had thinned to the point where it was easily walked through. No
indication was given of how density of understorey and overstorey at logged sites
compared to the unlogged sites. Wardell-Johnson and Lynch (2005) suggest that
this may support the hypothesis that a dense, structurally-diverse understorey may
exclude Bell Miners, unless there are also suitable food resources in the canopy.
Furthermore, they suggested that suitable conditions in the canopy may be a
primary factor in the initiation of colonies. Notably there was no sign of tree decline.
Kavanagh and Stanton (2003) even suggest that logging may be a contributing
factor in the creation of habitat required by Bell Miners, yet they failed to highlight
what it was about this stage of regeneration that made the site attractive to Bell
Miners. It is worth noting that Bell Miners were not recorded at all logged sites, only
those possessing moist gullies. With no pre-logging data on Bell Miner distribution
or abundance collected, this may simply have been a return by the birds to preexisting habitat. Removal of understorey is a management technique currently
being trialed in n NSW, in particular the removal of Lantana, as a means of making
a site unattractive to Bell Miners in an attempt to halt the dieback of canopy
eucalypts.
A concurrent study by Stone et al. (2008) found Bell Miners were associated with a
sparse eucalypt overstorey, a dense lower midstorey, an absence of young vigorous
regrowth trees and high values of topographic wetness than sites without Bell
Miners (an indication of the quantity of water drained to a site and its ability to retain
the water). Sampling was based on a stratified random sample of 130 plots,
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covering the complete range of forest types and topographical positions within the
region, 37 of which were occupied by Bell Miners.
Whilst many habitat features have been postulated to be important to Bell Miners,
the importance of these factors in determining the presence of Bell Miners requires
further examination. Chapter two explores the habitat preferences of Bell Miners in
south-eastern Victoria with the aim to identify habitat variables associated with
occupation of a site by a Bell Miner colony using paired sites, with and without Bell
Miner colonies. This study at the colony scale will compliment the findings of Stone
et al. (2008) which examined habitat features at the landscape scale.

Chapter Three
The social organisation of established Bell Miner colonies has been well studied,
and has been shown to be one of the most complex social structures of any bird
(Swainson 1970; Smith and Robertson 1978; Clarke 1984b, 1988; Clarke and
Heathcote 1990; Poiani 1993b). Colonies are made up of several subgroups
(coteries) that function as discrete social and genetic units (Painter et al. 2000). A
coterie usually comprises between one and three monogamous breeding pairs
(Clarke 1989) that each occupy discrete foraging ranges, but which share a
contingent of non-breeding, mostly male helpers (Clarke 1989). Breeders actively
involved in raising their own young may also assist fellow coterie members in raising
their young. Small colonies may consist of a single coterie. Females are the
dispersing sex, leaving their natal colony at around nine months of age, whilst males
tend to be philopatric (Clarke and Heathcote 1990). Both females and males have
limited foraging ranges, though helpers regularly travel outside these foraging
ranges to provision young of other breeding pairs in the colony (Clarke and FitzGerald 1994). They may occupy a site for extended periods of time, though the
precise location of a colony’s territory tends to shift (Smith and Robertson 1978;
Wykes 1985; Clarke and Schedvin 1999) and colonies are known to appear and
then disappear from sites (McCulloch and Noelker 1974). Despite extensive study of
cooperative breeding in the Bell Miner (Clarke 1984b, 1988; Poiani 1993b; Clarke
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and Fitz-Gerald 1994; McDonald et al. 2008), little is known of the social dynamics
underlying the colonisation of new habitat by this species. Single coteries, rather
than whole colonies, may move to new locations (Ewen et al. 2003) and
colonisation by groups, rather than individuals or pairs, seems to be typical for
colonisation events (Poiani 1993b; Clarke and Fitz-Gerald 1994). Furthermore,
although the process by which individual males and females gain breeding
territories by filling vacancies within established colonies has been documented
(Clarke and Heathcote 1990), little is known about the social dynamics of colonising
previously unoccupied habitat. However, the manner in which new territories are
established may be fundamental to the whole social organisation of the species and
the benefits helpers receive for giving aid.
Chapter three examines the influence of the sex of an individual, the level of
relatedness to other individuals, and the breeding status of individuals upon their
participation in a colony expansion.

Chapter Four
On examining the literature, and as highlighted in the literature review undertaken
by the BMAD Working Group (Wardell-Johnson et al. 2006), it was unclear whether
Bell Miners were choosing sites with psyllid infestations; i.e. taking advantage of a
pre-existing situation, or if Bell Miners were arriving at a site prior to an infestation.
The latter could involve Bell Miners either a) anticipating an impending outbreak of
psyllids at a site or recognising the site’s potential to sustain an infestation, or b)
actually fostering a psyllid infestation through their behaviour. A paucity of
knowledge about the commencement of a colony, and the state of the ecosystem at
commencement, exists because of the difficulty in experimentally creating a new
colony. During my study a unique opportunity arose when individuals from a nearby
colony of Bell Miners moved into areas previously unoccupied by the species. This
provided an unprecedented opportunity to study the colonisation process and to
shed further light on the habitat preferences of Bell Miners.
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Therefore, Chapter four examines the ecological characteristics of a site at the time
of colonisation and following the use of the habitat by Bell Miners.

Chapter Five
Avian insectivores are considered to be important control agents of arthropods
(Clark 1964b; Bock et al. 1992; Gunnarsson and Hake 1999; Mazia et al. 2004;
Recher and Majer 2006). Campbell and Moore (1955) suggested that as well as
eating psyllids, Bell Miners may also feed on the parasites and predators of psyllids,
thereby reducing predatory pressure on psyllid populations. Stone (1996) invoked
this hypothesis to explain the results of her caging experiment, in which she
prevented Bell Miners from foraging on small branches of eucalypts. Bird exclusion
cages were erected on a selected shoot, with at least ten leaves, on four trees of
similar size and health. Each tree (n = 4) was treated as an independent population
and individual leaves were the sampling unit. She reported that there was no
significant difference in either psyllid abundance or the level of psyllid damage
between shoots with guards and those without. From this she concluded that the
bird exclusion cages provided refuge for the invertebrate predators and parasites of
psyllids from Bell Miners and postulated that Bell Miners may reduce the capacity of
arthropod predators and parasites of psyllids to control psyllids, allowing the psyllids
to reach infestation levels. However, the two treatments in Stone’s (1996)
experiment were not statistically independent (being on the same tree), and the
sample sizes (based on individual leaves on the same shoot), were inflated and
suffered from the problem of pseudoreplication (Quinn and Keogh 2002). Thus, a
more rigorous test of the hypothesis was needed.
Chapter Five examines the impact of Bell Miners on the arthropod predators and
parasites of psyllids. This work is important as it tested an untested, but regularly
cited (e.g. Stone 1999, 2005), hypothesis.
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Habitat variables associated with the presence of Bell Miner
Manorina melanophrys colonies
Amanda J. Dare and Michael F. Clarke
Department of Zoology, La Trobe University, Bundoora, Vic. 3086

Abstract
Bell Miner Manorina melanophrys associated dieback of eucalypts (BMAD) is
widespread and millions of hectares of forest are considered to be under threat.
Wardell-Johnson et al. (2005) highlighted how little we currently understand about
the habitat preferences of the Bell Miner. To address this, we compared habitat
occupied by twenty Bell Miner colonies with adjacent paired sites containing no Bell
Miners. We used an information theoretic approach to identify which habitat
variables were most strongly associated with the presence of Bell Miner colonies.
Bell Miner colonies were associated with sites with a dense mid-storey beneath a
eucalypt canopy. Although we found a positive correlation between the density of
Bell Miners and the abundance of psyllids, colonies were able to exist at sites
lacking psyllid infestations. Identifying what factors predispose a site to suffer a
psyllid infestation remains a major challenge to combating BMAD.
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Introduction
Bell Miners Manorina melanophrys are cooperative breeders, occurring in colonies
ranging in size from 6 to 200 individuals (Clarke & Fitz-Gerald 1994) and their
complex social organisation has been the subject of intensive study over many
years (e.g. Swainson 1970; Smith and Robertson 1978; Clarke 1984, 1988; Clarke
and Heathcote 1990; McDonald et al. 2008a,b). Colonisation of a site by Bell Miners
leads to the exclusion of other avian insectivores (Smith & Robertson 1978; Poiani
1993a; Clarke & Fitz-Gerald 1994), and is often associated with an increase in the
abundance of psyllids and dieback of the eucalypt overstorey (Chandler 1922; Loyn
et al. 1983; Loyn 1987; Clarke & Schedvin 1999). In contrast to the extensive study
of the Bell Miner’s social organisation, to date comparatively little work has been
done to quantify the floristic and structural factors that make a site more or less
suitable for colonisation by Bell Miners (Pearce et al. 1995; Bower 1998; Stone et al.
2008).
Bell Miner-associated dieback (BMAD) is now widespread and estimated to affect
tens of thousands of hectares of eucalypt forest in the east Australian subtropics,
while a further 2.5 million ha is considered vulnerable (Wardell-Johnson et al. 2005).
This dieback is also usually associated with the presence of infestations of psyllids.
Some have postulated that there is a causal link between the presence of Bell
Miners and an infestation of psyllids at a site (Loyn et al. 1983; Loyn 1987; Stone
1996, 2005).
The BMAD Working Group concluded there was a need to investigate the structure
and floristics of the habitat favoured by Bell Miners, regardless of whether they are a
direct or indirect cause of psyllid-induced eucalypt forest dieback (Wardell-Johnson
et al. 2005). They suggested that management practices that create habitats that
floristically and structurally favour colonisation by Bell Miners are also likely to
favour the establishment of psyllid outbreaks (Wardell-Johnson et al. 2005).
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In 1974 a survey of colonies in the Greater Melbourne area found that habitat
occupied by Bell Miners varied with shrub layers ranging from heavy to sparse
natural vegetation, native vegetation mixed with exotics garden shrubs or Australian
shrubs not endemic to the area, to open lawns under large trees (McCulloch &
Noelker 1974). A number of features have been postulated to be important
characteristics of habitat occupied by Bell Miners; a dense understorey /midstorey
(Woinarski & Wykes 1983; Loyn 1993; Stone et al. 1995; Stone 1999; Bower 1998;
Stone 2005; Stone & Simpson 2006; Stone et al. 2008) for roosting and nesting
(Clarke & Heathcote 1990; Higgins et al., 2001; Dare et al. 2007) and a sparse
canopy (Pearce et al. 1995; Bower 1998; Wardell-Johnson & Lynch 2005; WardellJohnson et al. 2005; Stone et al. 2008); lower canopy height (Woinarski & Wykes
1983); deep leaf litter (Jurskis & Turner 2002; Jurskis 2005a,b); poor tree health
(Pearce et al. 1995; Stone 1996; Clarke & Schedvin 1999; Wardell-Johnson et al.
2005; Stone & Simpson 2006; Stone et al. 2008); and proximity to clearings (Stone
1999) and water (McCulloch and Noelker 1974; Kemmerer et al. 2008). The floristic
composition of the understorey /midstorey does not appear to be an important
characteristic (Stone 2005; Stone et al. 2008). However, the relative importance of
these factors in determining the presence of Bell Miners requires further
investigation. The aim of this study was to identify habitat variables associated with
occupation of a site by a Bell Miner colony using paired sites, with and without Bell
Miner colonies.

Methods
The study was conducted at twenty sites in Melbourne, Australia (Fig 1: Appendix
2.1). Sites were selected based on the presence of a Bell Miner colony and
accessibility to the site. Habitat assessments were undertaken within the territory
occupied by each Bell Miner colony and an adjacent paired site with no Bell Miners
(see below). Surveys were undertaken between 12 September 2006 and 29
January 2010.
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Assessment of habitat structure
Vegetation measures were taken along a 150 m transect line through the colony,
sampling two 1m x 1m quadrats every 30 m, 5 m either side of the transect line (n =
10 quadrats), working from one colony boundary out to the other boundary. Thirty
metres beyond the boundary of the colony’s territory a further 150 m transect was
laid out (Fig 2). We attempted to maintain the same contour along the topography of
the land and any water courses in a similar fashion to that of the transect within the
Bell Miner colony. The first quadrats were sampled at the 30 m mark, 60 m from the
boundary of the colony. In the case of smaller colonies (n = 2) where it was not
possible to accommodate a single 150 m transect within the colony’s territory
quadrats were still placed 30m apart with the overall number of quadrats being
reduced (from n = 10 to n = 6 and n = 8). This reduced number of quadrats was
replicated when sampling the paired site without Bell Miners for both of these
colonies.
Percentage vegetation cover was scored using the Domin–Krajina scale (MuellerDumbois and Ellenberg 1974). Percentage cover (1 m²) by groundcover,
understorey (to 1 m), mid-storey (1–3 m) and canopy (>3 m) vegetation were
recorded. The density of nesting vegetation was calculated by holding a 30 × 30 cm
square with a 5 × 5 cm grid in the centre of the quadrat at a height of 2.5 m, and
counting the number of squares visible from a distance of 10 m from the north,
south, east and west. An index of the density of vegetation at nest height was
calculated from this. The height at which the square was placed was based on
mean height of Bell Miner nests recorded in the literature (2.1–2.8 m: Higgins et al.
2001).
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Fig. 1. Map showing the location of the twenty paired sites.
See Appendix 2.1 for co-ordinates.
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Fig. 2. Diagram of transect layout and positioning of 1x1m quadrats for sites with
Bell Miner colonies and the paired sites with no Bell Miners. Not to scale.
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Five canopy eucalypts were selected at points along the 150m transect. The
species was identified and the height of each tree was measured using a range
finder (Opti-Logic 800LH ).The health of trees was scored using the method of
Grimes (1978) modified by J. Landsberg (Appendix 2.2). Tree health scores were
given for crown density, dead branches and epicormic growth, ranking each
between one to five, with five representing good health and one representing severe
dieback.

Lerp
Psyllid abundance was sampled by counting the number of lerps visible on 40
randomly selected leaves of each tree using binoculars (Nikon, 8x40CF Action).
Lerps are the carbohydrate-based, white secretions that cover psyllids. In the
recorded psyllid species, 89% of lerp (n = 150) are occupied at any one time by live
psyllids (A. J. Dare and M. F. Clarke, unpubl. data). The 40 leaves sampled
comprised 20 leaves from the upper canopy and 20 leaves from the lower canopy,
from which a total number of lerp per 40 leaves was calculated for each tree.
Species of lerp recorded were from the genera Glycaspis and Cardiaspina.

Bell Miner Density
Five counts, of two minutes duration, were undertaken within each of the Bell Miner
colonies as a measure of Bell Miner density. The number of individual Bell Miners
seen at each of the five canopy trees scored for health and psyllid abundance was
recorded. This is a crude method which provides a rough estimate of Bell Miner
density.

Statistical analyses
Habitat
Predictor variables were modelled using generalised linear models, assuming a
binomial distribution, with the presence or absence of Bell Miner colonies as the
response variable. An information-theoretic approach based on Burnham and
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Anderson (2002) was employed to interpret regression analysis. Predictor variables
were explored a priori. From the 10 potential predictor variables measured in the
field, eight were selected for the final analysis (Table 1). Percentage groundcover
was excluded as percentage groundcover and understorey cover were highly
correlated. Midstorey and density of vegetation at nest height were also highly
correlated. The most objective measure, density of vegetation, was selected.
All possible subsets of the final eight predictor variables were modelled. For all
models Akaike’s Information Criterion (corrected for small sample sizes) (AIC c ) was
calculated. AIC c differences ( ∆ i ) allow for a quick ‘strength of evidence’
comparison (Burnham & Anderson 2001). The larger the ∆ i the less plausible the
fitted model, with models having ∆ i <2 gaining substantial support (Burnham &
Anderson 2001). Akaike weights (w i ; normalised model likelihoods) provide
evidence that the model in question is actually the best model in the set (Burnham &
Anderson 2001). Deviance explained (D²) was calculated as a measure of the
goodness-of-fit of the model.
As no model was clearly superior, a model averaging approach, based on the entire
set of models, was applied. Model coefficients for each variable were weighted
using Akaike weights. Akaike weights were also summed for all models containing a
given variable. The predictor variable with the largest sum of weights is deemed to
be the most important variable (Burnham & Anderson 2001). Hierarchical
partitioning, a calculation of the increased goodness-of-fit with the addition of a
given predictor variable, allowed us to identify the variables whose independent
correlation with the response variable were important (Mac Nally 2000).
Generalised linear models and calculation of Akaike weights were conducted using
source code (M. Scroggie, unpublished code) in R. Hierarchical partitioning was
undertaken using the hier.part package v.1.0-3 (Walsh & Mac Nally 2008) in
association with R.
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Table 1. List of habitat variables used as potential predictors of occupation of a site
by Bell Miners
Predictor
Variable
Understorey
Density

Description

Reason for inclusion

Mean percentage cover
vegetation (n = 10 quadrats per
site) from ground to 1m in height
in 1x1m based on Domin-Krajina
scale (Mueller-Dumbois and
Ellenberg 1974)

Associated with dense understorey
/ midstorey (Stone et al. 1995, 2008;
Stone 1999, 2005; Bower 1998;
Stone & Simpson 2006)

Density of
Vegetation

The number of grid squares (n =
36) at 2.5 m above ground
(mean nest height) obscured by
vegetation from a distance of 10m
(n = 10 points per site)

As above. Usually nest in thick,
bushy undergrowth (Clarke 1988).

Canopy Density

Mean percentage cover canopy
vegetation (n = 10) in 1x1m
based on Domin-Krajina scale

Sparse/open canopy (Pearce et al.
1995; Bower 1998; Wardell-Johnson
& Lynch 2005; Wardell-Johnson et al.
2005; Stone et al. 2008).

Canopy Height

Mean height (m) of canopy trees
(n = 5)

Bell Miners prefer smaller trees
(Woinarski & Wykes 1983).

Leaf Litter Depth

Mean depth (cm) of leaf litter in
1x1m quadrats (n = 10 quadrats
per site)

Dieback associated with an
accumulation of leaf litter (Jurskis &
Turner 2002; Jurskis 2005a,b)

Total Tree
Health

Mean Total Tree Health (n = 5) of
canopy eucalypts based on
Grimes (1978)

Associated with dieback of canopy
eucalypts (Pearce et al. 1995; Stone
1996; Clarke & Schedvin 1999;
Wardell-Johnson et al. 2005; Stone &
Simpson 2006; Stone et al. 2008)

Distance from
Clearings

Distance (m) from the starting
point of transect to nearest open
area (devoid of midstorey or
canopy)

Adjacent to areas that have been
disturbed or cleared of trees (Stone
1999)

Distance from
Water

Distance (m) from the starting
point of transect to nearest water
body

Permanent waterbodies favour Bell
Miners (Dailan Pugh (pers comm.,
Jan. 2005) in Wardell-Johnson et al.
2005). Associated with
waterlogging (Wykes 1985). Some
source of surface water appears to
be necessary (McCulloch and
Noelker 1974). Plots close to
drainage lines had larger colonies
than those remote from drainage
lines (Kemmerer et al. 2008)
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Results
Model Selection
Three models had AIC c differences between 0 and 2 (Table 2) which suggests that
they have substantial support for being an appropriate model (Burnham & Anderson
2001) to account for the presence of Bell Miners at a site. They accounted for
between 33.3 and 9.7% of the deviance in the presence or absence of a colony of
Bell Miners at a site (Table 2). However, the highest ranked model had an Akaike
weight (w i ) of 0.08 which suggests model selection uncertainty. In the absence of a
standout model, (ie. w i >0.9), model averaging was employed.

Importance of habitat predictor variables
All three techniques used to investigate the importance of each predictor variable
(model averaging, hierarchical partitioning and relative predictor importance (sums
of w i ) identified the same three predictor variables (i.e. density of vegetation at nest
height, canopy height and distance to water) as had been used in the best three
models identified by Akaike weights (Table 3). Whilst no variable made a significant
contribution in model averaging, these three variables had substantially higher
independent contributions than other predictor variables. Vegetation at mean nest
height tended to be denser at sites occupied by Bell Miner colonies (Fig 3) than at
sites at which Bell Miners were absent. Canopy height tended to be lower at sites
occupied by Bell Miner colonies than at sites at which Bell Miners were absent (Fig
4). Bell Miner colonies tended to be closer to water than sites without Bell Miners
(Fig 5).
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Table 2. Model-selection results for predicting the presence/absence of Bell Miners
at a site.
Includes number of included parameter (K), deviance explained (D²), AIC c values,
AIC c differences ( ∆ i ) and Akaike weights (w i ). Only models with AIC c differences
< 2 are shown. Variables: nest =density at mean nest height; canopy = canopy
height; water = distance to water.

Predictor Variable

K

D²

AIC c

∆i

wi

Density of veg, canopy

4

33.31

52.609

0.000

0.081

3

16.97

52.711

0.102

0.077

2

9.68

54.408

1.800

0.033

height, water
Density of veg, canopy
height
Density of veg
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Table 3. Model-averaging, Hierarchical Partitioning and Predictor Importance Value
(PIV) results from all sub-sets regression.
Includes Model averaging coefficient and standard error, sums of Akaike weights
(w i ) and percentage independent contribution (%I) based on hierarchical
partitioning. Predictors are ranked from highest independent contribution to lowest.

Predictor Variable

Coeff

se

Sums of w i

%I

Density of veg

-0.775

0.415

0.843

44.82

Canopy height

-0.681

0.523

0.710

32.01

Distance to water

-0.232

0.327

0.440

11.39

Leaf litter depth

0.074

0.226

0.267

4.82

Tree health

-0.057

0.216

0.249

3.51

Canopy density

0.042

0.183

0.238

1.76

Ground cover

-0.015

0.177

0.225

0.94

Distance to clearings

-0.002

0.168

0.220

0.75
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Fig. 3. Boxplot comparing the density of vegetation (number of squares not visible)
at mean nest height (2.5m) at all 20 sites with Bell Miner colonies compared to their
paired site without Bell Miners.
The greater the number of squares that are not visible (0-36), the lower the visibility
at mean nest height. n = 10. Bars indicate the 10th and 90th percentile; boxes
indicate the 25th and 75th percentile; lines present the medians; circles represent
outliers.
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Fig. 4. Comparison of the height (m) of the eucalypt canopy at all 20 sites with Bell
Miner colonies compared to their paired site without Bell Miners.
n = 5; bars indicate the 10th and 90th percentile; boxes indicate the 25th and 75th
percentile; lines present the medians; circles represent outliers.
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Fig. 5. Comparison of the distance from water (m) for all 20 sites with Bell Miner
colonies compared to their paired site without Bell Miners.
n = 5; bars indicate the 10th and 90th percentile; boxes indicate the 25th and 75th
percentile; lines present the medians; circles represent outliers.
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Lerp
Sites with Bell Miner colonies had higher abundances of lerp (x̄ = 11.78±37.26)
than sites without Bell Miners (x̄ = 0.15±1.23, Wilcoxon Matched Pairs Signed
Ranks Test; Z = -2.91; p = 0.013). However, surprisingly, lerp were recorded at only
ten of the 20 sites at which Bell Miner colonies were present. Abundances of lerp at
these ten sites ranged from x̄ = 0.2±45 to x̄ = 118±82 lerps per 40 leaves (n=5 trees
per site).
Since the literature indicated psyllids show some preferences for particular species
of eucalypts and eucalypts exhibit varying degrees of susceptibility to psyllid attack
(Stone et al. 1995), we compared the composition of eucalypts at pairs of sites with
and without Bell Miners, to test the idea that some sites lacked Bell Miners because
they lacked eucalypts suitable for psyllids. We calculated a Czekanowski’s Similarity
Index for all 20 pairs of sites and found sites did not differ profoundly in the
composition of the eucalypt species present within pairs of sites. Eight pairs were
the same, seven pairs were similar and only two pairs of sites differed in the
eucalypt species present (x̄ = 0.78 ±0.23; a result >0.75 = very similar, Bloom
1981). One of the pairs that differed floristically in the composition of the canopy
eucalypts had no lerp at either site; the other pair had lerp recorded only at the site
where Bell Miners were present. So the species of eucalypts present at a site
appeared to be a possible explanation for the presence/absence of psyllids at only
one of the 20 pairs of sites. Sites with Bell Miners that lacked psyllids contained the
following species; Narrow-leaved Peppermint Eucalyptus radiata, River Red Gum E.
camaldulensis, Sugar Gum E. cladocalyx, Messmate E. obliqua and Swamp Gum E.
ovata; all of which are species of eucalypt that have previously had psyllids
recorded on them.
We compared the mean abundance of lerp per 40 leaves (n=5 trees per site) with
the mean number of Bell Miners per five minute spot count (n=5). We found a
significant positive correlation between the density of Bell Miners and the

39

Habitat variables associated with Bell Miner colonies
abundance of lerp at a site (Spearman’s Rank Correlation r² = 0.742; p > 0.001; n =
19).
Discussion
Vegetation was denser at sites occupied by Bell Miner colonies. The density of the
understorey or midstorey has long been suspected as being an important factor
influencing the suitability of a site for Bell Miners, given their propensity to nest in
understorey vegetation (Woinarski & Wykes 1983; Clarke 1988; Stone et al. 1995;
Stone 1999; Bower 1998; Stone 2005; Stone & Simpson 2006; Stone et al. 2008).
Stone et al. (1995) suggest that Bell Miners appear to use a dense understorey
irrespective of the plant species composition. In an earlier study using the same
measurement at actual nest sites there was a clear difference between visibility at
nest sites at a new site and a site that had been abandoned, with the new site
having zero visibility from a distance of 10m compared to 100% visibility at the
abandoned site where nests had failed (Dare et al. 2007). Reducing the visibility of
nests is likely to reduce the pressure of predation which is largely by visual
predators such as Currawongs Strepera spp. (Clarke 1988; Poiani 1991).
Canopy height tended to be lower at sites that were occupied by Bell Miners.
Woinarski and Wykes (1983) reported that Bell Miners preferred smaller trees
(<20m) but provided no explanation for this. Bower (1998) found no significant
difference in average tree height between sites with (n = 8) and without Bell Miner
colonies (n = 8). Tree height was measured but not included as an explanatory
variable in the Stone et al. (2008) study. Tree height is known to be an indicator of
stand structural complexity (Mc Elhinny et al. 2005). Smaller trees may equate to a
sparser canopy cover, with which Bell Miners have been associated (Stone et al.
2008) or tall trees may be indicative of a less dense understorey. We detected no
correlation between tree height and any of the other predictor variables we
measured, including canopy density.
The significant structural differences we detected between pairs of occupied and
unoccupied sites in such close proximity raises the possibility that colony size may
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be limited by the availability of suitable breeding territories. Suitable breeding
territories need to contain food resources, nest sites and shelter from predators
(Brown 1987). A number of adaptive hypotheses for the evolution of cooperative
breeding include shortage of suitable breeding territories as an explanatory factor
(see Hatchwell 2009). These hypotheses propose that the opportunity for dispersal
and breeding is limited by the availability of suitable breeding territories, forcing
offspring to remain on their natal territory. The original habitat saturation hypothesis
(Selander 1964) evolved into the ecological constraints hypothesis (Emlen 1982)
and the delayed dispersal threshold model of Koenig et al. (1992). A literature
review of the evolution of cooperative breeding in birds found that despite the fact
that there has been strong evidence to support specific ecological constraints
limiting dispersal and promoting philopatry and cooperation, there is no consensus
regarding its importance (Hatchwell 2009). Without entering into the debate on the
evolution of cooperative breeding, which is outside the scope of this study, we do
appear to have evidence to suggest that the limited availability of a dense midstorey, most likely necessary for breeding (Dare et al. 2007), may be inhibiting the
expansion of colonies into surrounding habitat, consistent with the habitat saturation
hypothesis.
Surprisingly, tree health was not an important predictor variable of the presence of
Bell Miners. This is in contrast to Pearce et al. (1995) and Stone et al. (2008) who
found the presence of Bell Miners was significantly associated with an unhealthy
eucalypt crown. A paired sites design led to tree health being measured directly
beyond the borders of the colony rather than at a random site without Bell Miners in
another region that may be subjected to other environmental factors. Tree health
was not consistently poor across sites, and when it was poor, it was poor at both the
site with the Bell Miner colony and the paired site without. This similarity in tree
health within pairs of sites suggests that factors other than, or as well as, Bell
Miners are contributing to the health of the trees e.g. pathogens such as
Phytophthora cinnamomi, disturbance or drought (Clarke & Schedvin 1999).
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Sites occupied by Bell Miners had greater abundances of psyllids than those without
Bell Miners. However, surprisingly, psyllids were only recorded at half of the
colonies. Bell Miners are largely insectivorous, with psyllids and lerp reportedly
making up a large proportion of their diet (Campbell & Moore 1957; Loyn et al.
1983), though their reliance on psyllids as a primary food source was seen to vary
both temporally and geographically, based on gizzard content (Poiani 1993a). Loyn
(1987) noted that psyllid populations within Bell Miner colonies will fluctuate, and
that when abundances are low Bell Miners will feed on other arthropods such as
spiders and insects, though no psyllid abundance data were provided. Of the ten
sites that did have psyllids, only one of those had psyllids at a density that could be
described as an infestation. The extent of occurrence of Bell Miner colonies at sites
lacking psyllid infestations has not previously been reported (Wardell- Johnson et al.
2005). This is the first study to compare psyllid abundances across multiple sites
with and without Bell Miners. Previous studies have compared a site from which Bell
Miners were removed with a control site with Bell Miners and a control site without
Bell Miners (Loyn et al. 1983; Clarke and Schedvin 1999); two sites with Bell Miners
(Poiani 1993b); four trees at one site (Stone 1996); and a single site with Bell
Miners (Wykes 1985). Our findings suggest it is not uncommon for Bell Miner
colonies in our study region to occupy areas not only free of psyllid infestations, but
apparently free of psyllids.
The time of year that sites were visited did not appear to account for the absence of
psyllids from so many sites occupied by Bell Miner colonies. Psyllids were absent
from a site one day and recorded at another site the very next day. Bell Miner
colonies with no psyllids were visited in both January and July. Previous studies in
the Melbourne region have detected psyllids at substantial densities during both of
these months (Loyn et al. 1983; Wykes 1985; Clarke & Schedvin 1999; Dare et al.
2007). There is clearly some variation in densities from year to year (Wykes 1985;
Clarke & Schedvin 1999).
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Sites supporting Bell Miner colonies and those without had similar eucalypt species
present. When we compared sites with Bell Miners and lerp with sites that
supported a Bell Miner colony but no lerp there were more marked differences in the
species of eucalypt that occurred. Five species of eucalypt never had lerp recorded
on them during the study; Narrow-leaved Peppermint, River Red Gum, Sugar Gum,
Messmate, and Swamp Gum. Previous studies have recorded lerp, and BMAD, in
Narrow-leaved Peppermint (Clarke & Schedvin 1999); River Red Gum (WardellJohnson et al. 2005); Messmate (Loyn et al. 1983) and Swamp Gum (Woinarski &
Wykes 1983; Wykes 1985). This suggests that all of the sites had species of
eucalypt present suitable to accommodate a psyllid infestation.
There was a positive correlation between the density of Bell Miners at a site and the
abundance of lerp. Stone (2005) reported that the impact of Bell Miners on
herbivorous insect populations is density dependent based on unpublished data that
showed a correlation between tree health and Bell Miner density. However, no data
on the abundance of herbivorous insects were presented. Dare et al. (2007)
reported a peak in abundance of the psyllid Cardiaspina sp that coincided with a
peak in the density of Bell Miners at a site. Only one of the sites had an infestation,
at the remainder of the sites where psyllids were detected they were only in small
numbers. There may be a minimum abundance of Bell Miners required to sustain a
psyllid infestation through aggressive territorial defence (Smith & Robertson 1978;
Poiani 1993a; Clarke and Fitz-Gerald 1994) and possibly foraging technique (Loyn
et al.1983; Loyn 1987; Haythorpe & Mc Donald 2010). It seems rather unlikely that
the majority of colonies would have no or very low abundances of psyllids if the
‘farming’ of psyllids, by aggressively excluding avian competitors and the non-lethal
foraging on lerp, was the primary controller of psyllid abundance. It seems more
likely that there are other factors regulating psyllid abundance and that Bell Miners
are simply taking advantage of, and possibly exacerbating, the situation once it
approaches infestation level. It appears that ‘farming’ is unable to sustain an
infestation if some other, yet to be identified conditions, are not met.
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There appears to be an association between Bell Miner colonies and proximity to
water or wetness of a site. We found that Bell Miner colonies were closer to a water
source than their paired sites without Bell Miners. Stone et al. (2008) found that Bell
Miners were associated with higher values of topographic wetness. Stone et al.
(2008) suggest that this association with wetter sites may explain why psyllid
populations are capable of reaching infestations in Bell Miner colonies. Phloem
feeders such as psyllids require positive turgor to extract available nitrogen (Huberty
& Denno 2004). The plant stress hypothesis proposes that outbreaks of insects
such as psyllids occur when plants under stress e.g. drought, produce higher levels
of nitrogen (White 1969). The pulsed stress hypothesis postulates that this increase
in nitrogen does not become available to sap feeders until there is a recovery of
turgor which will allow them to benefit from the stress-induced increases in nitrogen
(Huberty & Denno 2004). Distance to water may reflect a soil moisture gradient that
is correlated with the positive water turgor that will allow psyllids to take advantage
of increases in nitrogen following bouts of drought.
Bell Miner colonies may exacerbate the problem once psyllid abundance
approaches infestation levels but there is no evidence that they are initiating psyllid
infestations. Attention now needs to focus on gaining a better understanding of
some of the mechanisms which may be driving psyllid infestations e.g. disturbance,
drought and hydrology.
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Abstract
Bell Miners Manorina melanophrys are cooperatively breeding honeyeaters that
defend colonies from potential predators and competitors. Despite extensive study
of the social organisation of Bell Miners, little is known about the social dynamics of
expansion of colonies and establishment of new territories in this species. We took
advantage of an individually marked, molecularly sexed and genotyped study
population to examine the social dynamics of two extensions of the range of a
colony. These observations indicated colonisation of new areas by colony members
was accomplished via two different pathways, either the efforts of a breeding pair
and its pre-existing contingent of helpers, or a group of unmated males. Only the
former bred, with greater numbers of individuals related to the breeding pair acting
as helpers in new areas initially. Most colonists were males that lacked a breeding
position. Ultimately both expansions of the colony proved to be temporary, with
colonists returning to their former home-ranges after six months.
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Colony expansion in Bell Miners
Introduction
Although colonies of Bell Miners Manorina melanophrys are known to appear and
then disappear from sites (McCulloch and Noelker 1974), little is known about how
this highly territorial species colonises new areas. Single coteries, subgroups that
function as discrete social and genetic units within colonies (Painter et al. 2000),
rather than whole colonies, may move to new locations (Ewen et al. 2003) and
colonisation by groups, rather than individuals or pairs, seems to be typical (Poiani
1993a; Clarke and Fitz-Gerald 1994).
Bell Miners aggressively defend the site of their colonies, excluding avian intruders
(Smith and Robertson 1978). Both females and males have small foraging ranges
(means of 2400 ± 100 m² and 2200 ± 100 m² respectively), though helpers regularly
travel outside these foraging ranges to provision young of other breeding pairs in
the colony (Clarke and Fitz-Gerald 1994). Bell Miners may occupy a site for
extended periods of time, though the boundaries of a colony at a site can shift over
long periods (Smith and Robertson 1978; Wykes 1985; Clarke and Schedvin 1999).
Despite extensive studies of cooperative breeding in the Bell Miner (Clarke 1984,
1988; Poiani 1993b; Clarke and Fitz-Gerald 1994; McDonald et al. 2008) little is
known of the social dynamics underlying the colonisation of new habitat by this
species.
The social organisation of established Bell Miner colonies has been well studied,
and has been shown to be one of the most complex of any bird (Swainson 1970;
Smith and Robertson 1978; Clarke 1984, 1988; Clarke and Heathcote 1990; Poiani
1993a). Colonies are made up of several coteries (Painter et al. 2000), usually
comprising between one and three monogamous breeding pairs that each occupy
discrete foraging ranges, but which share a contingent of non-breeding, mostly male
helpers (Clarke 1989). Breeding males, but not females, also assist and provision
other coterie member’s broods, even while actively involved in raising their own
broods. Females are the dispersing sex, most leaving their natal colony at around
nine months of age to obtain breeding positions in other colonies, whilst males tend
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to be more philopatric and seem to form age-related queues for breeding positions
in their natal colony (Clarke and Heathcote 1990).
Little is known about the social dynamics involved during colonisation of previously
unoccupied habitat (Wardell-Johnson et al. 2005). Therefore our study took
advantage of a rarely observed colony expansion event in a well-known, marked
and genotyped colony to examine the influence of the sex of individuals, the level of
relatedness to other participants and the breeding status of individuals upon their
participation in colony expansion.
Methods
The study was carried out in the Melbourne Wildlife Sanctuary (MWS), La Trobe
University, Bundoora, Melbourne (37º42’58”S, 145º03’20”E) between August 2004
and December 2005. The MWS is a 28-ha reserve dominated by River Red Gum
Eucalyptus camaldulensis woodland with a grassy understorey. A colony of Bell
Miners became established within the MWS in May 1998 (G. Paras pers. comm.)
along a creek line that runs through the reserve (hereafter referred to as the Creek
Colony). No colonies of Bell Miners had been present in the MWS in the decade
before May 1998. In August 2004 Bell Miners from the Creek Colony were noted
visiting sites previously unoccupied by Bell Miners within the MWS. This provided a
unique opportunity to describe territorial establishment by a population of known
individuals.

Identity of birds
Most Bell Miners were banded with a unique combination of a numbered aluminium
band and three colour bands at the start of the 2004-05 breeding season, as part of
a detailed study of helping behaviour in this species (e.g. McDonald et al. 2007).
Individuals were aged according to the protocol outlined in Clarke and Heathcote
(1988).
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During banding a small, c.70 µL blood sample was collected from an individual’s
alar vein and stored in 70% ethanol. Samples were then sexed according to the
protocol of Fridolfsson & Ellegren (1999) and six microsatellite loci genotyped
according to the protocols in Painter et al. (1997). Genetic relatedness was
estimated using these data for 111 sampled individuals from the Creek Colony
using KINSHIP v.1.2 (Queller and Goodnight 1989). A more statistically robust
assessment of relatedness was achieved by including in analyses genetic data from
an additional 194 bell miner samples from another colony that did not share gene
flow with the focal population (see McDonald et al. 2007 for details of this colony).
Using Kinship, a coefficient of pair-wise relatedness (r) was calculated between
dyads by comparing the proportion of shared alleles between two individuals
compared to the frequency of the allele in the whole population (Queller and
Goodnight 1989). A low or negative r value means individuals shared fewer alleles
than average and were thus not likely to be related, while r values close to 0.5
indicates siblings, 0.25 half-siblings and so on (Queller and Goodnight 1989).
However, it must be remembered that these values of r are estimates only, and use
of these values without some objective quantification can be misleading. For
example, individuals may appear to be related because they share the same alleles,
but this could be due to either a maternal/paternal lineage or the fact that that allele
combination is relatively common in the population and shared in a particular dyad
by chance alone. We therefore used log likelihood modelling in KINSHIP to assess
dyads as being either significantly related (primary hypothesis r = 0.5, null
hypothesis r = 0), or unrelated (primary hypothesis r = 0, null hypothesis of r = 0.5),
based on the calculated ratios of likelihoods between primary and null hypotheses
required to exclude 95% of 1000 simulated pair-wise comparisons. Individuals were
either recorded as significantly related, significantly unrelated or, if neither test
reached statistical significance, were included in an unresolved category. These
individuals may reflect those that are truly approximately r = 0.25, or individuals
which by chance possess relatively common alleles and are thus unable to be
identified to their true level of relatedness using this conservative approach.
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Movements of individuals
The locations of individual birds were observed opportunistically and were recorded
on a map of the MWS overlayed with a 5 x 5 m grid, using a GPS unit (Garmin, GPS
12) during weekly censuses between September 2004 and April 2005. During these
surveys, occupation of two new areas within the reserve, the ‘Ruins’ and ‘Small
Lake’, was observed in August 2004 and September 2004 respectively.
Breeding occurred twice in the Ruins site in 2004, with eggs laid on the 11
November and 24 December. Only breeding females incubate and brood nestlings,
whilst breeding males are the only individuals that provision nests in the 2-3 days
immediately after hatching (Poiani 1993b). These criteria were used to determine
the breeding pair. When nestlings were 6-7days old, nests were again observed for
a total of 4 h, with a hide and camera gear placed at distances which have been
demonstrated not to cause disturbance to the provisioning behaviour of these Bell
Miners (15+ m for hides and 3 m for cameras; see McDonald et al. 2007). During
these observations helpers assisting in the provisioning of the brood were identified.
Throughout, data are presented as means ± one standard deviation.

Results
Home range of individuals within the Creek Colony
In August 2004 the Creek Colony contained 28 males of breeding age and 11
females of breeding age. Excluding movements to the Ruins and Small Lake areas,
individual females (n=10) were found within 57 ± 42 m (range 23.3-161.7m) of other
observations of themselves (x̄ =18.8 ± 8.5 points/bird). Individual males (n=19),
were found within 111 ± 65 m (range 31.7-291.7m) of other observations of
themselves (x̄ =15.4 ± 5.5 points/bird). The Ruins sites and Small Lake sites were
200m and 100m respectively from the closest Creek Colony boundaries, a
substantial distance in terms of typical daily movements by a Bell Miner. Both
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females and males have small foraging ranges, x̄ = 2400 ± 100 m² and x̄ = 2200 ±
100 m², respectively (Clarke and Fitz-Gerald 1994),

Colony expansion to include new areas
There were two separate attempts at expansion of the colony to the Ruins area. The
first, in the 2004-05 breeding season (Nov - Feb), was by one breeding female
(QSBW). The second was in the 2005-06 breeding season, initially by the same
breeding female that attempted colonisation the previous season (QSBW) and, on
her disappearance, by a second female (RRYS) that filled the vacancy she left.
There were also two attempts at expansion of the colony to the Small Lake area.
The first, in July 2004, involved focal birds that were all unbanded and no individuals
were identified. The second attempt was in September 2004-March 2005, involving
an unbanded female and three males (BBBS, DORS and RDPS).

Activities of participants in colony expansion
Ruins
Birds that attended the Ruins fell into three categories. There were birds that bred at
the Ruins, birds that were helpers at the Ruins and birds that visited the Ruins
without participating in provisioning young. Birds began using the Ruins in late
August 2004. They initially displayed interspecific agonistic behaviour, chasing other
species dominant at the site, in particular Red Wattlebirds Anthochaera carunculata
and White-plumed Honeyeaters Lichenostomus penicillatus. During this period the
Bell Miners distinctive tink vocalisation was heard regularly, a call probably linked to
interspecific territoriality (Heathcote 1989), and they were regularly observed
foraging at the site. This group of birds was referred to as the visitors. By the end of
September 2004 Bell Miners were infrequently observed at the Ruins site.
On 5 December 2004 it became apparent that a female (QSBW) was at the Ruins
site, with the discovery of a nest containing one chick approximately five days old.
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At the time of discovering that QSBW was nesting at the Ruins, there was no other
indication that Bell Miners were regularly using the site. There were no characteristic
tink vocalisations, with both the breeding pair and helpers observed coming and
going from the site in complete silence. Both the breeding pair, and a female and six
male helpers, foraged for food in the Creek Colony before returning to feed the
nestlings, a distance of ~200 m across open habitat unoccupied by Bell Miners and
that included a body of water. At this time no Bell Miner was ever observed foraging
at the Ruins. On approaching and leaving the Ruins site Bell Miners were chased by
White-Plumed Honeyeaters as they flew over their nesting territories. However, the
typical aggressive response by Bell Miners to other avian species was absent in the
Ruins area at this time. Food that was collected from the Creek Colony was
observed to contain Glycaspis lerp, a genus of psyllid not available at the Ruins site
(Dare et al. 2008). Once the nestling fledged (on or around 13 December), Bell
Miners began exhibiting some agonistic behaviour towards a White-plumed
Honeyeater at the Ruins site, and at this time the first tink call was recorded in the
area since nesting began. The fledgling was recorded in the Creek Colony at the
end of January 2005.
The second nest at the Ruins produced two nestlings on the 10th January 2005 that
disappeared several days after fledging and after which all adult birds returned to
the Creek Colony. During the second breeding attempt the breeding pair was
observed collecting food on two occasions at the Ruins, but most foraging took
place in the Creek Colony. Tink calls continued to be uttered sporadically, never
approaching the rate heard in the Creek Colony.
Earlier in the breeding season the female QSBW had built at least two nests within
the Creek Colony before the move to the Ruins site. The first was successful with
two nestlings fledging on 30 September 2004. However, her second nest was
abandoned during incubation in mid-October. Both were uncharacteristically high
nests for this site, at 6 and 7 m above the ground respectively, in contrast to the
average height of nests at this site of 2.6 m (s.e. 0.37, n = 40) (P.G. McDonald
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unpubl. data). On leaving the Ruins she was recorded building a new nest in her
Creek Colony territory on 23 February, again quite high (~6m) and that
subsequently failed. She did not nest again for the rest of the season.
QSBW returned to the Ruins in the 2005-06 breeding season and made two
unsuccessful nesting attempts. She disappeared and was replaced by a second
female, RRYS. This female initially nested in the Creek Colony and produced two
fledglings. She then also nested twice at the Ruins, both times unsuccessfully, and
then returned to the Creek Colony. While nesting at the Ruins in 2005-06, breeding
females (QSBW and RRYS) were seen collecting food and nesting material within
their territories in the Creek Colony to take to the Ruins site.

Small Lake
Bell Miners were first recorded at the Small Lake site, ~100 m from the nearest
Creek Colony territory, on 22 July 2004. At this time most of the birds in the reserve
were unbanded, so no individuals were identified and there was no record of the
numbers of individuals at the site. At the start of this study, on 24 August 2004, Bell
Miners were not present at the site. It was not until 23 September that Bell Miners
were again recorded in the Small Lake region, and they remained there until March
2005 (Fig. 1). Resident birds regularly chased Red Wattlebirds and White-plumed
Honeyeaters from the Small Lakes area, and routinely gave tink vocalisations at the
site.

Social dynamics of colony expansion when birds did not breed
During the 2004-05 breeding season, 11 Bell Miners (seven males and four
females) were recorded visiting the Ruins site but never recorded attending nests of
QSBW and WBBS. Because genetic data were missing for the breeding female
(QSBW), we compared the relatedness of these individuals to the breeding male
(WBBS), as well as two offspring of the breeding pair (RRPS and WNPS; Table 1).
Twice as many visitors to the area (60%) were unrelated to the breeding pair than
were related to the breeding pair (30%). Visitors to the Ruins were no more or less
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related to the focal individuals of the new area than would be expected if a random
selection of birds had been selected from among individuals in the Creek Colony
(Table 1). Among these visitors were all three of the males (BBBS, DORS, RDPS)
that were subsequently observed to move to another previously unoccupied site, the
Small Lake. The proportion of males and females that visited the Ruins (n = 8
males, 3 females) was no different from that seen in the Creek Colony (n = 46
males, 21 females; Fisher’s exact test p = 1.00).
All banded birds that were regularly seen at the Small Lake were males (BBBS,
DORS, RDPS) and an unbanded bird was identified as a female, based on sexspecific vocalisations given by the bird (Clarke and Heathcote 1988). Two of the
three males, BBBS and DORS, were related to each other, the third was unrelated.
Another breeding female occupying a territory in the Creek Colony, WNRS, was
also occasionally recorded visiting the site, and two of her fledglings also spent time
in the area. When the Small Lake site was eventually abandoned by all Bell Miners
(early March 2005), the remaining males (BBBS and DORS) joined the coterie of
this breeding female (WNRS), the Creek Colony coterie closest to the Small Lake.
There were six visitors (not including the two unbanded individuals) to the Small
Lake site. BBBS was related to three of the visitors (including WNRS whose
contingent BBBS and DORS joined on abandoning the Small Lake), was unrelated
to one and relatedness to two birds was unresolved. DORS was related to none,
unrelated to two and relatedness to four was unresolved. RDPS was related to
none, unrelated to three and relatedness to three was unresolved. The proportion of
visitors to the Small Lake related to the focal individuals was similar to that in the
Creek Colony overall (Table 2). The proportion of male and females that visited the
Small Lake (n = 5 males, 3 female) was no different from that seen in the Creek
Colony (n = 46 males, 21 females; Fisher’s exact test p = 0.71).
Social dynamics of colony expansion when birds bred
Four Bell Miners attended nests of QSBW at both the Creek Colony and the Ruins
site (Table 3). Another four birds attended her nests at the Ruins site only. We
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compared the relatedness of these individuals to the breeding male WBBS and two
offspring of QSBW and WBBS (RRPS and WNPS). A greater proportion of the
helpers who helped at the Ruins nests were related to the focal individuals than in
the Creek Colony overall. Two of these tests were significant (Fisher’s exact test;
RRPS and WNPS, p<0.05; Table 3) and the third showed the same trend.
Five Bell Miners were helpers at both the Ruins and Creek colony nests of RRYS.
Again we carried out the same comparisons using the breeding pair and two
offspring from the Creek colony nest of the breeding pair (PNPS and PPPS; Table
4). Most birds were unrelated. For this nest helpers were indistinguishable from a
random selection of individuals from the Creek Colony (Table 4).
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Fig. 1. Mean number of Bell Miners recorded per month at the Small Lake site. N
represents number of days sampled per month and error bars depict one standard
deviation.
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Table 1. Levels of relatedness of visitors to the Ruins site to individual members in
the family unit breeding there (2004-2005).
Visitors are those birds recorded at the Ruins never recorded participating in
provisioning of young. “Visitor” indicates the total number of individuals visiting the
site that were related, unrelated or unresolved in regard to their relatedness to the
focal individual and “Overall” indicates the total number of individuals within the
whole Creek Colony that were related, unrelated, or unresolved in regard to the
focal individual. Percentages represent the proportion of resolvable cases. Fishers
Exact Tests were used to compare proportions of related and unrelated individuals
among visitors and the Creek colony as a whole. Note data are presented for ten of
the 11 individuals that visited the site, as there was no genetic data available for one
male visitor (GQYS).
Focal Individual
Related
Visitor
Overall
WBBSBreeding
(♂)
0
9 (20%)
RRPS nestling
1 (4%)
16 (38%)
WNPS nestling
3 (33%)
18 (38%)

Unrelated
Visitor
Overall

Fisher’s exact
Unresolved
test P
Visitor
Overall

6 (100%)

35 (80%)

0.58

4

20

6 (86%)

26 (62%)

0.40

3

22

6 (66%)

30 (62%)

1.00

1

16
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Table 2. Levels of relatedness of Small Lake males to visitors to the Small Lake.
“Visitor” indicates the total number of individuals visiting the site that were related,
unrelated or unresolved in regard to their relatedness to the focal individual and
“Overall” indicates the total number of individuals within the whole Creek Colony
that were related, unrelated, or unresolved in regard to the focal individual.
Percentages represent the proportion of resolvable cases. Fishers Exact Tests were
used to compare proportions of related and unrelated individuals among visitors and
the Creek colony as a whole.
Focal Individual
Related
Visitor
Overall

Unrelated
Visitor
Overall

Fisher’s exact
Unresolved
test P
Visitor
Overall

BBBS (♂)

3 (75%)

7 (14%)

1 (25%)

42 (86%)

0.18

2

15

DORS (♂)

0

4 (11%)

2 (100%)

32 (89%)

1.00

4

28

RDPS (♂)

0

17 (40%)

3 (100%)

25 (60%)

0.28

3

22
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Table 3. Levels of relatedness of helpers at the Ruins nests to individual members
in the family unit breeding there (2004-05).
“Helper” indicates the total number of individuals helping at nests at the site that
were related, unrelated or unresolved in regard to their relatedness to the focal
individual and “Overall” indicates the total number of individuals within the whole
Creek Colony that were related, unrelated, or unresolved in regard to the focal
individual. Percentages represent the proportion of resolvable cases. Fishers Exact
Tests were used to compare proportions of related and unrelated individuals among
visitors and the Creek colony as a whole. Note data not presented for breeding
female (QSBW) as there were no genetic data available for this individual.

Focal Individual
Related
Unrelated
Helper
Overall
Helper
Overall
WBBSBreeding
(♂)
3 (60%)
9 (20%)
2 (40%)
35 (80%)
RRPS nestling
7 (100%)
16 (38%)
0
26 (62%)
WNPS nestling
6 (100%)
18 (38%)
0
30 (62%)
* Indicates a significant P- value (<0.05)

Fisher’s exact
Unresolved
test P
Helper
Overall
0.09

3

20

0.003*

1

22

0.005*

2

16
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Table 4. Levels of relatedness of helpers at the Ruins nests to individual members
in the family unit breeding there (2005-06).
“Helper” indicates the total number of individuals helping at nests at the site that
were related, unrelated or unresolved in regard to their relatedness to the focal
individual and “Overall” indicates the total number of individuals within the whole
Creek Colony that were related, unrelated, or unresolved in regard to the focal
individual. Percentages represent the proportion of resolvable cases. Fishers Exact
Tests were used to compare proportions of related and unrelated individuals among
visitors and the Creek colony as a whole.
Focal Individual
Related
Helper
Overall
RRYSBreeding
(♀)
0
6 (14%)
YNWS –
Breeding
(♂)
1 (25%)
28 (55%)
WNPS nestling
0
7 (26%)
PPPS nestling
1 (25%)
17 (45%)

Unrelated
Helper
Overall

Fisher’s exact
Unresolved
test P
Helper
Overall

3 (100%)

37 (86%)

1.00

2

21

3 (75%)

23 (45%)

0.34

1

13

1 (100%)

20 (74%)

1.00

4

37

3 (75%)

21 (55%)

0.62

1

26
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Discussion
This study observed the colonisation of two new areas by groups of Bell Miners,
both of which were ultimately abandoned. Colonisation of one area was apparently
driven by the efforts of just one breeding pair, with their contingent of helpers later
following to the new site. In contrast, observations at the Small Lake site suggest a
group of males may persist and defend a site even in the apparent absence of a
breeding female. Other individuals from within the colony visited these new sites,
many of them unrelated to the colonising birds.
Clarke and Fitz-Gerald (1994) recorded a breeding pair moving their foraging range
approximately 100m, to an area on the opposite side of the foraging range of a
neighbouring breeding pair. This new area consisted mostly of land previously
unoccupied by Bell Miners. There was no apparent reason for this move. At the
MWS there was an apparent lack of understorey within the territory of QSBW, and
subsequently RRYS, in comparison to habitat elsewhere in the Creek Colony and
also when compared to the Ruins breeding site (Dare et al. 2008), suggesting the
shift in female territory was motivated by the availability, or lack thereof, of nesting
habitat in their original territories. Following failed nesting attempts, birds returned to
the Creek Colony. Increased nest predation may be a cost involved in moving away
from the protection of an established large colony, although this remains to be
examined.
Most of the colonists were males, as might be expected in a species with a
significantly male-biased sex-ratio among adults (Clarke et al. 2002). Conrad et al.
(1998) found that most Bell Miner helpers (67% of 52 cases) were close relatives of
at least one of the breeders they were assisting. In our study, although most
individuals were related to some other colonists in the group, groups were not
exclusively kin-based. Many of those that were recorded at the Ruins site early on
(60 %), but never attended nests, were unrelated to the breeding pair. However,
attendants at the initial Ruins nest (2004-05 nests of QSBW) were mostly related to
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the breeding pair or offspring of the breeding pair (38-88%). Conversely, at the
2005-06 nests of RRYS over half (60%) of attendants at the Ruins were unrelated to
the breeding pair and were indistinguishable from a random selection of individuals
from the Creek Colony. In short, while it appears that some individuals were
assisting breeders to whom they were related, particularly at the first nesting
attempt, this was not the only or likely primary factor shaping helping decisions in
these new areas.
Although most males assisting the breeding pairs at the Ruins site were unmated,
one male already held his own breeding territory in the Creek Colony. Some of
these helpers were related to the male breeder at the Ruins, but not all. The group
augmentation hypothesis (Woolfenden 1974; Woolfenden and Fitzpatrick 1978) may
account for the assistance by non-kin in the establishment of a territory in previously
unoccupied habitat at the Small Lake and the Ruins sites. Creation of new
neighbouring colonies may enhance an individual’s chance of gaining a breeding
position, or if they already have one, the chance of their offspring gaining a territory.
The observation that upon abandoning the Small Lake site the two related males
moved to the territory of a relative within the Creek Colony suggests they may have
been returning to their natal social unit, having failed to establish a successful
breeding territory of their own. Clarke and Fitz-Gerald (1994) recorded similar
absences by some males from natal territories for prolonged periods (mean duration
2.8 months; n = 7). Birds generally returned to the location of their natal foraging
territory. Remaining on the natal territory may be beneficial in eventually gaining a
breeding position. Together these observations suggest male Bell Miners can take
at least two different routes to gaining a breeding position. One is to remain within
the natal home range and wait for a breeding vacancy to arise through the death of
a male breeder within the coterie (Clarke and Fitz-Gerald 1994). Our study suggests
a second is to establish a new territory, with the assistance of other males, in
previously unoccupied habitat. The failure of the Small Lake group to attract a
breeding female during the remaining six months of the 2004-05 breeding season
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highlights the risks of this second route of territorial establishment. There may be a
minimum number of Bell Miners needed at a site before a new female considers it a
suitable territory. A larger group may be more capable of attaining and defending a
colony area from interspecific competitors. While it is tempting to view the large
neighbouring Creek Colony as a potential source of breeding females for the birds
at Small Lake, it is rare for a female to gain a breeding position in the colony in
which she was raised, with only two recorded instances to date (P.G. McDonald,
unpubl. data).
It appears that Bell Miners colonise new areas via two different pathways: either as
a breeding pair with their contingent of helpers, or as a group of unpaired males.
While most helpers at some nests were related, this was not universally so.
Furthermore, neither groups of visitors to new sites, nor helpers at new sites were
confined to kin of the key colonists. If attempts to establish a new area are
unsuccessful, the subsequent strategy appears to be for individuals to return to their
original territory.
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Abstract
Bell Miner Manorina melanophrys colonies are closely associated with decreased
avian abundance and diversity and an apparently associated increase in psyllid
abundance. However, a causative link between the presence of Bell Miners and
increased psyllid abundance has yet to be established. We took advantage of the
movement of Bell Miners into two new areas to investigate the ecological
consequences of Bell Miner occupation on both avian and psyllid abundance. We
monitored the number of Bell Miners and other avian species, using area searches,
and psyllid abundance by monthly counts of lerp on leaves. Bell Miner presence
alone had limited effect on either bird diversity or abundance. However, when
miners were also giving their distinctive tink vocalisation, a significant decrease in
avian abundance and diversity was observed. This evidence supports the
hypothesis that tink vocalisations are used by interspecific competitors to detect Bell
Miner colonies. At the time of initial occupation, new sites did not have significantly
elevated levels of psyllids compared with surrounding areas unoccupied by Bell
Miners. Six months later one of the two newly occupied sites had significantly more
Cardiaspina spp. than either the long-established colony or an unoccupied control
site. In contrast, infestations of Glycaspis spp. remained significantly lower at both
new sites when compared with the long-established colony, but equivalent to
unoccupied areas. Given this, we conclude that Bell Miner occupation does not
2
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necessarily lead to an increase in psyllid abundance, characteristic of tree dieback
in some colonies, and that a causative link between Bell Miner presence and
declining tree health remains to be demonstrated.
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Introduction
Bell Miners Manorina melanophrys have long been associated with infestations of
psyllids, sap-sucking invertebrates that cause varying degrees of defoliation and
dieback in eucalypts (Chandler 1922; Loyn et al. 1983; Loyn 1987; Clarke and
Schedvin 1999). Whether Bell Miners are the causative agent of eucalypt dieback
remains a hotly debated topic. However, strong correlations between Bell Miner
presence, apparent declining tree health and high infestation levels of psyllids have
been asserted (Loyn et al. 1983; Wykes 1985; Poiani 1993; Stone 1996). Bell
Miners actively exclude other avian species from the areas occupied by their colony
(Smith and Robertson 1978; Poiani 1993; Clarke and Fitz-Gerald 1994).
Concentrations of psyllids in areas exclusively used by Bell Miners are higher than
in nearby areas where other avian species forage (Loyn et al. 1983; Loyn 1995;
Clarke and Schedvin 1999). Bell Miner associated dieback (BMAD) is now
widespread and estimated to affect tens of thousands of hectares in the east
Australian subtropics, while a further 2.5 million ha is considered vulnerable
(Wardell-Johnson et al. 2005). Despite this, little information exists on the levels of
psyllid infestation at sites before colonisation by Bell Miners. While removal
experiments can and have demonstrated reductions in infestations (Clarke and
Schedvin 1999) and improved tree health following Bell Miner exclusion (Loyn et
al.1983), prior observations are required to determine whether Bell Miners are the
causative agent of psyllid outbreaks, or simply hasten and/or increase the likelihood
of an outbreak at a site. This is an important link to examine, as dieback is not
limited to areas occupied by Bell Miners (Wardell-Johnson et al. 2005).
Colonies are made up of several subgroups (coteries) that function as discrete
social units (Painter et al. 2000). Ewen et al. (2003) found coteries occupied a site
for an average of 2.3 years, though some Bell Miner colonies occupy areas for
periods as long as two decades, with minimal apparent impact on tree health (Loyn
1987; Stone 1996). In contrast, other Bell Miner colonies have been associated with
rapid declines in tree health and subsequent abandonment of the site by the colony
(Loyn 1987).The declines in tree health may be due to extended Bell Miner
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occupation of a site or some other phenomenon associated with disturbed habitats
(e.g. Phytophthora cinnamomi, see Clarke and Schedvin 1999). One possible
confounding factor of this relationship is the limited dispersal distances of this
species (Higgins et al. 2001). This may lead to colonies being susceptible to
becoming ‘trapped’ in isolated patches of habitat caused by clearing or logging, for
example, further increasing the likelihood of a detrimental effect of colony
occupation, Wykes (1985) reported that a colony’s distribution along a 2376-m
transect altered over a two-year period as Bell Miners moved into areas of new
psyllid infestations, deserting trees that showed a partial recovery in tree health or
remained defoliated during the period of research. Wykes (1985) suggested that
Helmeted Honeyeaters Lichenostomus melanops cassidix excluded Bell Miners
from healthy stands of eucalypts, but Bell Miners would expel resident Helmeted
Honeyeaters if these trees became infested with psyllids. Poiani (1993) further
suggested that the presence of a psyllid infestation may be a trigger that led to the
colonisation of a site by Bell Miners, but presented no data to confirm this claim. In
another study, colonisation by Bell Miners preceded psyllid infestation. Clarke and
Schedvin (1999) removed a colony of 189 Bell Miners from a site, which was quickly
invaded by other insectivorous birds that eradicated the psyllid infestation. The site
was recolonised approximately six months later by eight Bell Miners, with psyllid
abundance returning to pre-removal levels within four months of recolonisation.
Wardell-Johnson et al. (2005) highlighted a lack of research into ecological factors
associated with the establishment of Bell Miner colonies, or the association between
Bell Miners, habitat characteristics and psyllid outbreaks. The inconsistent nature of
results in this area and the increasingly serious nature of BMAD highlights the need
for closer examination of this topic. We therefore took advantage of an observed
movement of Bell Miners into new areas to document the ecological characteristics
of areas at the time of colonisation and following use of the habitat by Bell Miners.
We investigated the consequences of Bell Miner occupation on both avian
abundance and richness and on psyllid abundance. While this approach is not as
robust as experimental treatments, the current paucity of data on the topic and the
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profound difficulty of experimentally creating new Bell Miner colonies or psyllid
infestations encouraged us to learn as much as possible by making a detailed
examination of this fortuitous ‘natural experiment’ (Tinbergen 1958).

Methods
The study was carried out in the Melbourne Wildlife Sanctuary (MWS), La Trobe
University, Bundoora, Melbourne (37°72′S, 145°05′E). The MWS is a 28-ha reserve
dominated by River Red Gum Eucalyptus camaldulensis woodland with a grassy
understorey. The focal colony occupied the area along the creek system of the
MWS and is referred to throughout as the Creek Colony. This colony had occupied
this site continually since 1998 (G. Paras, pers. comm.). In August 2004, Bell Miners
from the Creek Colony were noted visiting sites within the MWS previously
unoccupied by Bell Miners. This provided an opportunity to document ecological
circumstances and impacts of colonisation by a known population of marked
individuals (A. J. Dare, P. G. McDonald and M. F. Clarke, unpubl. data). The two
new areas within the MWS occupied by Bell Miners are referred to as the Ruins and
the Small Lake areas, respectively. The Ruins sites and Small Lake sites were 200
m and 100 m, respectively, from the closest Creek Colony boundaries, a substantial
distance in Bell Miner movements (A. J. Dare, P. G. McDonald and M. F. Clarke,
unpubl. data), given that areas occupied by individuals are typically of 25-m radius
(Clarke and Fitz-Gerald 1994).

Surveying avian diversity
Avian surveys were undertaken at both the newly colonised sites, namely the Ruins
and Small Lake areas, as well as a control site without Bell Miners within the MWS.
At each site a 50 × 50 m quadrat was marked out and the area search method of
Loyn (1980) employed. Briefly, this involves surveying the entire quadrat area over
a 20-min period, during which the number of each species present was recorded.
The same route and pace was used for each survey quadrat on repeat sampling.

75

Ecological context and consequences of Bell Miner colonisation
Surveys were undertaken at least once per week from 16 September 2004 (8
October 2004 for Small Lake (n = 24)) until 21 April 2005 (n = 30).

Psyllid census techniques
Psyllid abundance was determined at the established Creek Colony, as well as the
newly occupied Ruins and Small Lake areas, and the Control site used for the avian
surveys. Ten trees River Red Gum or Yellow Box E. melliodora were sampled at
each site. In the case of the Ruins and Small Lake trees known to be frequented by
Bell Miners were preferentially sampled. In the Creek Colony, trees were selected at
regular intervals along a track that transects the length of the colony. Psyllids were
sampled by counting the number of lerps visible on 40 randomly selected leaves of
each tree using a Kowa ×40 telescope (Prominar TSN-3, Tokyo, Japan). Lerps are
the carbohydrate-based, white secretions that cover psyllids. In the sampled psyllid
species, 89% of lerp (n = 150) are occupied at any one time by live psyllids (A. J.
Dare, P. G. McDonald and M. F. Clarke, unpubl. data). The 40 leaves sampled
comprised 20 leaves from the upper canopy and 20 leaves from the lower canopy,
from which a mean number of lerp per 20 leaves was calculated for each tree. Two
genera of psyllid were common in the MWS – Cardiaspina and Glycaspis; these
were analysed separately. Both genera are consumed by Bell Miners (authors’
unpubl. data) and have been implicated in BMAD (Wardell-Johnson et al. 2006).
Psyllid censuses were planned to occur every two weeks from September 2004 to
April 2005. However, inclement weather occasionally caused sampling regimes to
alter from this time frame.

Habitat assessment
As part of a larger, ongoing investigation of Bell Miner cooperation, most birds within
the focal colony were individually marked, as well as molecularly sexed and
genotyped (McDonald et al. 2007). We compared the habitat characteristics of the
sites at which two females, who bred both in the Ruins and the Creek colony,
nested (colour band combination: QSBW and RRYS, respectively). Percentage
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vegetation cover was scored using the Domin–Krajina scale (Mueller-Dumbois and
Ellenberg 1974). Percentage cover (1 m2) by groundcover, understorey (to 1 m),
mid-storey (1–3 m) and canopy (>3 m) vegetation 2 m to the north, south, east and
west of each focal nest were recorded. The density of vegetation around the nest
was also measured. Density was calculated by holding a 30 × 30 cm square with a
grid 5 × 5 cm at a height of 2.5 m at the site of the nest, and counting the number of
squares visible from a distance of 10 m. The height at which the square was placed
was based on mean height for Bell Miner nests recorded in the literature (2.1–2.8 m:
Higgins et al. 2001). Mean nest height rather than the actual nest site was used as
this measure forms part of another habitat assessment including sites without Bell
Miners (unpubl. data).

Focal observations of marked individuals
The activity patterns of known individuals monitored at the Creek Colony (n = 26;
males = 21; female = 3; unknown sex = 2), Ruins (n = 11; males = 3; females = 1;
unknown sex = 7) and Small Lake (n = 7; males = 5; females = 1; unknown sex = 1)
areas were recorded. Rates of activity were then compared to determine whether
birds establishing a new site had different activity budgets from those in established
areas of a colony. Individuals were observed for 5 s before recording of behaviour
commenced to avoid over-representation of a behaviour that may have attracted the
observer to the bird. Recording continued for as long as the bird remained in clear
view (x̄ = 141 s ± 118 (s.d.); range 14–759 s). Recording of observations were
made with a Hewlett-Packard Pocket PC (iPAC 1910) and managed with Observer
Basic ver. 3.0 (Noldus Information Technology 1995). Observations were carried out
from 24 September 2004 to 2 March 2005. Activities recorded were: (1) the number
of times per minute an individual chased or mobbed other species of birds, (2) the
percentage of total time spent on feeding activities (e.g. gleaning or hawking), and
(3) the number of times per minute an individual was recorded giving tink
vocalisations (see Heathcote 1989 for details).
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Statistical comparisons
As this was a natural experiment, neither colony size nor the level of breeding
activity could be explicitly controlled across sites. Independent t-tests were
performed for avian abundance, species richness and nesting habitat data. Data for
avian abundance and species richness, psyllid abundance and focal behavioural
observations were not normally distributed. Therefore, non-parametric Mann–
Whitney U tests and Wilcoxon signed ranks tests were applied. Data throughout are
presented as means ± 1 standard deviation.

Results
Occupation of new areas by Bell Miners
Observations at the Creek Colony began in June 2004, at which time sightings of
Bell Miners in the reserve were restricted to the Creek area. Bell Miners were
initially recorded at a second site, the Ruins, in August 2004. A more detailed
examination of the movement of individuals to new, previously unused areas of the
colonies is presented elsewhere (A. J. Dare, P. G. McDonald and M. F. Clarke,
unpubl. data). Bell Miners at the Ruins behaved territorially, chasing other bird
species, particularly Red Wattlebirds Anthochaera carunculata and White-plumed
Honeyeaters Lichenostomus penicillatus, and were regularly heard giving their
characteristic tink call. A female (QSBW) commenced nesting at the site by 11
November and did so again before the end of this breeding season in April 2005.
This female had previously nested and defended a territory within the Creek Colony,
but was nesting in the Ruins area, 200 m from her usual location. Bell Miner helpers
(n = 8) using or visiting this nest did not give tink or other vocalisations, and
interspecific aggression was not recorded. Following these breeding attempts,
QSBW and helpers were observed only in the Creek Colony, with only a few
recorded observations of birds in the Ruins for this breeding season after January
2005, near the end of that breeding season in April 2005. In the next breeding
season, QSBW nested again at the Ruins site in early August 2005, but
disappeared, and was presumed dead, before completing this nesting attempt. In
late August 2005 QSBW’s territory in the Ruins site was subsequently occupied by
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a new female (RRYS), who also bred at both the Creek site in August 2005 and the
Ruins site twice between October and November 2005.
Bell Miners were initially observed at a third site within the reserve, the Small Lake
site, on 23 September 2004. Up to six individuals were recorded at the site, though
these numbers fluctuated, with a group of three males remaining at the site
throughout. A nest was constructed at this site in October 2004, but it was
unsuccessful. The female Bell Miner in this region disappeared in December 2004
and the subsequent vacant breeding position was never filled. The three males
occupied the site until 28 October 2004, when one male disappeared. The
remaining two males occupied the site until early March 2005, when they returned
to their apparent natal territory (A. J. Dare, P. G McDonald and M. F. Clarke, unpubl.
data).

Avian abundance and richness according to Bell Miner presence
The presence of Bell Miners during counts was not associated with a significant
decline in either the total abundance of other birds at the Small Lake or Ruins
(Table 1; Fig. 1) or with species richness at the Small Lake or Ruins (Table 2).
However, when we excluded data for days when Bell Miners were not recorded
during the 20-min counts there was some association with Bell Miner presence. A
paired comparison of the Control site and the two newly colonised sites (Small
Lake: x̄ = 2.6 ± 0.75 Bell Miners recorded; Ruins: x̄ = 2.3 ± 1.44 Bell Miners
recorded) showed that the abundance of other birds was significantly higher at the
Control site with no Bell Miners than at the Small Lake (Table 1), but there was no
difference between the Ruins and Control site. The species richness was also
significantly higher at the Control site with no Bell Miners than at the Small Lake
(Table 2). There was no difference in species richness between the Ruins and the
Control sites (Table 2).
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Fig. 1. Abundance of bell miners and other avian species recorded at the (a) Ruins

and (b) Small Lake areas during standard 20-min surveys on the indicated dates.
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Table 1. Results of tests examining the influence the presence of Bell Miners has on
the abundance of other species.
Means represent the average of the total number of individuals of all non-bell miner
species recorded during a survey. n is the number of surveys conducted at a site
Comparison and sites

Mean

s.d.

Test

Z

P

Mann-Whitney U Test

0.9

0.41

Mann-Whitney U Test

0.4

0.68

n

Bell Miners presence versus absence
Small Lake

7.6

3.7

20

9.2

2.8

5

Ruins (present)

12.2

6.6

13

Ruins (absent)

11.3

5.8

18

(present)
Small Lake
(absent)

New sites compared with control site (October 2004 – April 2005)
Control

8.8

5.0

25

Small Lake

7.9

3.5

25

Wilcoxon signed ranks test

1.2

0.23

Ruins

10.7

5.0

25

Wilcoxon signed ranks test

1.4

0.15

New sites on days when Bell Miners also recorded in counts compared with control site
Control

10

4.7

20

Small Lake

7.6

3.7

20

Control

9.8

4.8

13

Ruins

12.2

6.6

13

Wilcoxon signed ranks test

2.6

0.01

Wilcoxon signed ranks test

1.0

0.33
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Table 2. Results of tests examining the influence the presence of Bell Miners has on
species richness.
Means represent the average number of non-bell miner species recorded during a
survey. n is the number of surveys conducted at a site

Sites

Mean

s.d.

Test

Z

P

Mann-Whitney U Test

1.6

0.15

Mann-Whitney U Test

0.5

0.65

n

Bell Miners presence versus absence
Small Lake

3.4

1.6

20

4.6

1.3

5

Ruins (present)

6.0

2.9

13

Ruins (absent)

5.7

2.3

18

(present)
Small Lake
(absent)

New sites compared with control site (October 2004 – April 2005)
Control

4.2

2.1

25

Small Lake

3.6

1.6

25

Wilcoxon signed ranks test

1.1

0.28

Ruins

5.6

2.3

25

Wilcoxon signed ranks test

2.3

0.02

New sites on days when Bell Miners also recorded in counts compared with control site
Control

4.7

2.0

20

Small Lake

3.4

1.6

20

Control

4.4

1.5

13

Ruins

6.0

2.8

13

Wilcoxon signed ranks test

2.1

0.03

Wilcoxon signed ranks test

1.6

0.10
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There were significantly fewer birds of other species recorded on the days when
Bell Miners were recorded giving tink calls at the Ruins (x̄ = 9 ± 4.69 individuals, n
= 8) compared with days when Bell Miners were present but silent (x̄ = 16 ± 5.60, n
= 7) (t = 2.64, d.f. = 13, P < 0.05). There were also significantly fewer species of
birds at the Ruins when Bell Miners were giving the tink call (x̄ = 4.75 ± 2.44
species, n = 8) compared with when they were not (x̄ = 7.43 ± 2.15, n = 7) (t = 2.24,
d.f. = 13, P < 0.05). As Bell Miners were always heard giving tink calls in the Small
Lake area the same comparison could not be made at this site.

Psyllid abundance
The site into which birds moved at the Ruins had significantly fewer Glycaspis lerps
than the Creek Colony from which the Bell Miners came (Mann–Whitney U Test: Z =
3.8, P < 0.001) at the time of colonisation. There were similar numbers of
Cardiapina lerps at both sites (Mann–Whitney U Test: Z = 0.2, P > 0.05) (Fig. 2).
The newly occupied Small Lake site had significantly fewer Glycaspis (Mann–
Whitney U Test: Z = 2.6, P < 0.01) and Cardiaspina lerp (Mann–Whitney U Test: Z =
2.3, P < 0.05) than the Creek site from which the colonists came (Fig. 2).
Of the four sites monitored during the period of colonisation, only the Ruins site
exhibited a significant change in psyllid abundance when comparing Time Period 1
to Time Period 6 for the genus Cardiaspina (Fig. 2d) (Wilcoxon Signed Ranks Test:
Z = 2.24, P < 0.05), but not for Glycaspis (Fig. 2c) (Wilcoxon Signed Ranks Test: Z
= 1.34, P > 0.05). There was an apparent peak in the abundance of Cardiaspina at
the Ruins site that coincided with the period of maximum Bell Miner abundance at
that site (Fig. 3). Despite this, the timing of peak Cardiaspina abundance was
common across all four sites, including the Control site with no Bell Miners.
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Fig. 2. Boxplots presenting mean number of (a, c, e and g) Glycaspis spp. and (b, d,
f and h) Cardiaspina spp. lerp recorded in 10 samples of 40 leaves at (a, b) the
Creek Colony, (c, d) the Ruins, (e, f) the Small Lake and (g, h) the Control site with
no Bell Miners.
Dots indicate outliers; ‘whiskers’ indicate the 10th and 90th percentile; shaded areas
indicate the 25th and 75th percentile; and lines present the median.
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Fig. 3. Abundance of Bell Miners and mean number of Cardiaspina spp. lerps
recorded in 10 samples of 20 leaves during each period at the (a) Ruins and (b)
Small Lake.
Bell Miner abundance was calculated from one sampling day for Ruins Time
Periods 1, 2, 4, 5 and 6 and Small Lake Time Periods 3 and 4 and Ruins Time
Period 3 and Small Lake Time Periods 1, 2, 5 and 6; mean abundance from two
sampling periods are presented. Error bars indicate one standard deviation. Time
periods represent: 1 = October 2004; 2 = November 2004; 3 = early December
2004; 4 = late December 2004; 5 = February 2005; and 6 = March–April 2005.
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Differences in nesting habitat between areas
Percentage vegetation cover was measured for seven nests of the female QSBW,
with four nests at the Ruins, two nests for the 2004–05 breeding season and two
nests for the 2005–06 breeding season, and three nests at the Creek Colony, all
from the 2004–05 breeding season. There was a significant difference in
percentage understorey cover (up to 1 m; t = 2.80, d.f. =5, P < 0.05), with greater
coverage at the Ruins (x̄ = 6.12 ± 0.94, n = 4) than at the Creek Colony nesting
sites (x̄ = 3.17 ± 1.91, n = 3). There was also a significant difference in percentage
cover at midstorey (1–3 m; t = 8.65, d.f. = 5, P < 0.01), with greater coverage again
at the Ruins (x̄ = 7.31 ± 0.63, n = 4) than at the Creek Colony sites (x̄ = 1.75 ±
1.09, n = 3). There was no significant difference in percentage cover for
groundcover at the Ruins (x̄ = 2.88 ± 0.32, n = 4) compared with the Creek Colony
(x̄ = 6.75 ± 3.25, n = 3), nor canopy cover (>3 m) at the Ruins (x̄ = 2.44 ± 1.69, n =
4) compared with the Creek Colony (x̄ = 4.50 ± 2.61, n = 3). Vegetation density at
average Bell Miner nest height (2.5 m) differed at the two sites, with 100% visibility
at the Creek Colony nest sites (36 of 36 squares visible from a distance of 10 m and
height of 2.5 m, n = 3) and zero visibility at the Ruins nest sites (none of 36 squares
visible, n = 4).

Focal behavioural observations
Bell Miners at the Small Lake colony exhibited similar levels of interspecific
aggression to those in the long-established Creek Colony, in terms of chases per
minute (Small Lake: x̄ = 0.03 ± 0.04, n = 7; Creek Colony: x̄ = 0.10 ± 0.16, n = 26;
Mann–Whitney Test: Z = 0.55, P > 0.05) and frequency (number per minute) of tink
vocalisations (Small Lake: x̄ = 2.18 ± 1.65, n = 7; Creek Colony: x̄ = 2.83 ± 1.71, n
= 26; Mann–Whitney U Test: Z = 0.93, P > 0.05). Consequently, the percentage of
total time spent feeding was also similar between the two sites (Small Lake: x̄ =
32.13 ± 22.64, n = 7; Creek Colony: x̄ = 35.07 ± 17.51, n = 26; Mann–Whitney U
Test: Z = 0.51, P > 0.05).
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By contrast, the birds that moved to the Ruins site showed far less interspecific
agonistic behaviour than birds in the long established Creek Colony. At the Ruins
site none of the 11 birds monitored were ever observed chasing other species and
the rate at which they gave tink vocalisations (x̄ = 0.89 ± 1.09, n = 11) was
significantly lower than at the Creek Colony (Mann–Whitney U Test: Z = 3.45, P <
0.01). However, despite less effort being devoted to territorial behaviour, birds at the
Ruins site spent a similar proportion of their time feeding (x̄ = 24.72 ± 28.03, n =
11) (Mann–Whitney U Test: Z = 1.35, P > 0.05).

Discussion
The presence of Bell Miners alone had no detectable effect on either bird diversity
or abundance at the Ruins. In fact, the Ruins site supported greater species
richness of other avian species than the Control site with no Bell Miners. However,
when miners were also giving their distinctive tink vocalisation, a significant
decrease in both avian abundance and richness was observed. At the time of initial
occupation, new sites did not have significantly elevated levels of psyllids compared
with surrounding areas with no Bell Miners. However, within six months one of the
two newly occupied sites had significantly more Cardiaspina spp. than either the
long-established colony or unoccupied Control sites. In contrast, infestations of
Glycaspis spp. remained significantly lower at both new sites when compared with
the long-established colony, but equivalent to unoccupied areas.
Past studies have reported that occupation of a site by Bell Miners leads to a
decrease in the abundance of other birds (Loyn et al. 1983; Clarke 1984; Poiani et
al. 1990; Clarke and Fitz- Gerald 1994; Ewen et al. 2003). Our results suggest that
a continual physical presence of Bell Miners is required to reduce abundance and
species richness of other birds on a site, not just a recent history of Bell Miners
being present. That is, other species are very quick to move into a site when the
Bell Miners, even temporarily, abandon an area. This is consistent with what has
been observed when Bell Miners have been removed from an area (Loyn et al.
1983; Clarke and Schedvin 1999).
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Furthermore, it was when the tink vocalisation was being given that species
richness and avian abundance dropped consistently at both sites. Our results
suggest that birds other than Bell Miners may actively avoid sites at which tink
vocalisations can be heard. These observations are consistent with Heathcote’s
(1989) suggestion that the tink call is, at least in part, an interspecific territorial call
that advertises to other species that a site is occupied by Bell Miners. Heathcote
(1989) undertook an experiment in which the sound of a Bell Miner colony was
simulated at a site with no Bell Miners. Although the abundance of other birds at the
simulated colony site did not decline, the species present reduced their own
vocalisation rate, consistent with the silent behaviour of birds of other species
intruding into an area occupied by Bell Miners (Clarke, unpubl. data). Thus, while
the precise function of the tink call in intraspecific communication remains unknown,
our results suggest that other species associate this vocalisation with increased risk
of interspecific aggression.
Although psyllid infestations were lacking at the new sites before the arrival of Bell
Miners, perhaps the Ruins site, at least, had a predisposition to a psyllid infestation
that Bell Miners were able to detect and foster. A Cardiaspina infestation did occur
at the Ruins, surpassing levels seen at both the Control site and Creek Colony. At
Healesville, Victoria, new Bell Miner colonies also inhabited some sites with good
tree health and low psyllid loads (Clarke and Schedvin 1999; Ewen et al. 2003). At
some sites the increase in psyllid abundance was minimal within the first 12 months
of occupancy by Bell Miners (Ewen et al. 2003). However, Clarke and Schedvin
(1999) reported that the Glycaspis population returned to infestation levels within
four months after a small colony re-established at a site with unhealthy trees, but
low initial levels of psyllid infestation. This was a similar timeframe to that observed
for the increase in Cardiaspina at the Ruins site. These mixed findings regarding the
necessity of a pre-existing psyllid infestation suggest that it may be the likelihood of
a site to sustain a psyllid infestation in the long term that is of greater importance in
colony establishment than the presence of an infestation at the time of colonisation.
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The reduced chasing and vocalisation activity of birds at the Ruins site may be a
reflection of the limited food resources at the site, particularly the lerp of the
apparently preferred Glycaspis psyllid (Dare, pers. obs.). The significantly lower
abundance of Glycaspis lerp at the Ruins site may have rendered it uneconomic to
defend as a feeding range. A lack of dense understorey, which appears to be
important for nesting (Smith 1985a, 1985b; Clarke and Heathcote 1990), may
explain the expansion of territories to include the Ruins site. The site offered denser
habitat in which to nest than the sites that the birds had left in the Creek Colony. A
lack of understorey vegetation had resulted in the building of unusually high nests in
the Creek Colony; of which two out of three failed, probably due to predation
(McDonald, pers. obs.). While the Ruins had a dense understorey with zero visibility
at mean nest height, the Creek Colony had little to no understorey or midstorey, with
100% visibility at mean nest height. Reduced visibility of nest sites is likely to
significantly increase nesting success given that most Bell Miner nests are
apparently depredated by Currawong (Strepera spp.) and other avian, and therefore
visual, predators (Clarke 1988; Poiani 1991). Movement of a group following
unsuccessful nesting has been recorded (Smith and Robertson 1978), though no
data were presented regarding nesting habitat. However, previous work has
determined that lower nests (<3 m) appear to enhance fledgling success (Clarke
1988).
There was no evidence in this study that establishment of new sites required
significantly more interspecific aggression by colonising Bell Miners. Clarke and
Schedvin (1999) studied the behaviour of Bell Miners before and after removal of
most of the colony from the site. There was an increase in time spent chasing avian
intruders following removal of most of the colony, coupled with a decrease in tink
vocalisations per minute. At the study site (MWS) it was the Bell Miners in the
established Creek Colony that had the highest rate of chasing avian intruders and
the highest tink rate, although the differences were not significant. This similarity
between the Creek Colony and the Small Lake site may indicate that the tink
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vocalisations of a small group of birds (e.g. Small Lake group) may be sufficient to
deter avian intruders. That is, it is not the number of Bell Miners present, but rather
some minimum rate of tink vocalisations that is sufficient to convince other species
that Bell Miners occupy the site. The Bell Miners at the Ruins site had significantly
lower rates of chasing and tink vocalisations, suggesting that the birds at the Ruins
were not defending the site from interspecific food competitors, consistent with this
area being viewed as nesting rather than foraging habitat.
While Bell Miners typically occupy sites with a dense understorey and a psyllidbearing eucalypt canopy, it appears from our study that they are flexible enough to
utilise sites that offer only one of these two attributes and, where necessary,
commute to other sites that provide the habitat features they lack. Like Clarke and
Schedvin (1999), this study documents further cases where Bell Miners have
occupied a new site without a pre-existing psyllid infestation. Clearly, additional
study of the factors that predispose a site to psyllid infestation is required.
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CHAPTER FIVE
Chapter 5
The Impact of Bell Miners Manorina melanophrys on the arthropod
predators and parasites of psyllids (Psylloidea)
Amanda J. Dare and Michael F. Clarke
Department of Zoology, La Trobe University, Bundoora, Vic. 3086

Abstract
Colonies of Bell Miners Manorina melanophrys are closely associated with
outbreaks of psyllids (sap-sucking insects), and dieback of canopy eucalypts.
Several hypotheses have been postulated to explain why concentrations of psyllids
are higher in areas exclusively occupied by Bell Miners than in surrounding areas
inhabited by other avian insectivores. Campbell and Moore (1957) suggested that if
Bell Miners interfere with the efficacy of arthropod predators and parasites of the
psyllids, it would allow the psyllids to multiply unchecked. We monitored the
abundances of these predators and parasites prior to and following the removal of
Bell Miners from treatment sites and at control sites that retained Bell Miners. We
found no evidence to support this hypothesis, with the presence of Bell Miners
having no significant impact on the abundances of these predators or parasites.

Impact of Bell Miners on arthropod predators and parasites of psyllids

Introduction
Insectivorous vertebrates, as top level predators, may significantly affect the
abundances and trophic composition of forest arthropods (Recher & Majer 2006).
Birds are considered to be important predators of arthropods (Bock et al. 1992;
Gunnarsson 1996; Gunnarsson & Hake 1999; Recher & Majer 2006) that may play
a role in preventing insects from reaching outbreak levels (Holmes 1990; Recher &
Majer 2006). However, whilst birds appear to be capable of dampening the
amplitude of fluctuations in arthropod abundances, they do not appear to be
capable of preventing outbreaks when the prevailing physical conditions favour the
arthropods (Holmes 1990; Recher & Majer 2006).
Psyllids are a common and abundant family of phytophagous insects in eucalypt
forests (Eastop 1978; Woinarski & Cullen 1984) that can reach outbreak levels,
potentially contributing to the death of the tree and possibly long-term ecological
and economic consequences (Moore 1962; White 1969). Clark (1964a) suggested
that birds appear to be the only natural enemies of psyllids capable of destroying a
substantial proportion of the adult population. It appears that if densities of psyllids
remain low, as with other insects, predation by birds may play an important role in
preventing psyllid outbreaks (Clark 1964a; Recher and Majer 2006). However, when
environmental factors favour an increase in psyllid numbers, birds are unable to
prevent an infestation occurring (Clark 1964a; Recher and Majer 2006). This is
despite the fact that in response to an increase in psyllids, birds appear to increase
their consumption of psyllids (Clark 1964a).
Arthropod predators can also be a substantial source of psyllid mortality (Novak &
Achtziger 1995; Erbilgin et al. 2004; Mooney & Linhart 2006). Psyllids are preyed
upon by larvae of syrphid flies, green or brown lacewings, larvae of coccinellid
beetles and spiders (Moore 1962; Clark & Dallwitz 1975; Erbilgin et al. 2004).
Psyllids are parasitised by a wide range of chalcidoid wasps, predominantly from
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the genus Psyllaephagus (Riek 1962). The parasitoid pupates in late instar psyllid
nymphs underneath the lerp and attached to the leaf (Sullivan et al. 2006). One
wasp, studied in some detail, Psyllaephagus blitus prefers mid to large sized
nymphs for oviposition whilst actually feeding on smaller psyllids (Erbiligin et al.
2004). Parasites do not appear to regulate the density of psyllids, but may prevent
psyllid outbreaks (Clark 1964b). Parasites are able to operate at high levels of
efficiency during periods of relatively dry weather (Moore 1962) leading to seasonal
variation in mean mortality of psyllids, e.g. in Cardiaspina albitextura mortality is
higher in autumn than in spring and summer (Clark 1962, 1964b).
The association between occupation of a site by Bell Miner Manorina melanophrys
colonies, elevated numbers of psyllids, and dieback of the canopy eucalypts has
long been recognised (Chandler 1922; Smith & Robertson 1978; Loyn et al. 1983;
Loyn 1987; Poiani 1993a; Clarke & Fitz-Gerald 1994; Clarke & Schedvin 1999). Bell
Miners are a cooperatively breeding honeyeater endemic to south-eastern Australia.
They feed predominantly on arthropods, in particular psyllids and lerp, the
carbohydrate covering some psyllids secrete (Campbell & Moore 1957; Poiani
1993b). Bell Miners mostly forage in foliage in the canopy, but will also hawk and
glean or probe on branches and loose bark (Poiani 1993b). They are known to also
consume spiders and insects from the orders Blattodea, Coleoptera, Diptera,
Hemiptera, Hymenoptera, Orthoptera and Lepidoptera (Campbell and Moore 1957;
Poiani 1997).
Campbell and Moore (1957), presenting an early examination of the diet of the Bell
Miner, pointed out that if Bell Miners were not selective in their feeding, then
parasites and predators would also be eaten. They suggested that Bell Miners may
interfere with the efficacy of arthropod predators and parasites of the psyllids,
allowing the psyllids to multiply unchecked. Despite Campbell and Moore (1957)
presenting no evidence to support this hypothesis, it was invoked later by Stone
(1996) to account for the results of a small-scale Bell Miner-exclusion experiment.

96

Impact of Bell Miners on arthropod predators and parasites of psyllids
Stone (1996) measured psyllid density and leaf survival on Sydney Blue Gums
Eucalyptus saligna in a Bell Miner colony in NSW. Bird exclusion cages were
erected on a selected shoot, with at least ten leaves, on four trees of similar size
and health. Once a month (n = 17) these, and four control shoots without exclusion
cages, were examined for psyllid density and assessed for leaf damage. Each tree
(n = 4) was treated as an independent population and individual leaves were the
sampling unit. Despite the fact that the two treatments were not statistically
independent (being on the same tree), and the sample sizes (based on individual
leaves on the same shoot), were inflated and suffered from the problem of
pseudoreplication (Quinn and Keogh 2002), Stone (1996) concluded that protecting
leaves from direct Bell Miner activity significantly increased the survival rate of
leaves when compared with uncaged leaves. However, there were no significant
differences in either psyllid abundance or levels of psyllid damage between the
caged and uncaged shoots. She concluded that the exclusion cages provided a
refuge for invertebrate predators and proposed that Bell Miners could reduce the
efficacy of these predators. Stone (1996, 1999, 2005) and Stone et al. (1995, 2001)
proposed that Bell Miners influenced the population of herbivorous insects, in
particular psyllids, in two different ways. It was suggested that Bell Miners not only
interfere with the efficacy of other insectivorous birds through aggressive territoriality
(as has been well-demonstrated by Loyn et al. 1983 and Clarke and Schedvin
1999), but through consumption of invertebrate predators and parasites of psyllids
(Moore 1962; Clark & Dallwitz 1975; Erbilgin et al. 2004). Stone et al. (1995)
suggested Bell Miners may interfere with the efficacy of parasites (e.g. parasitised
nymphs are blackened and may be more obvious to birds). It was also suggested
that Bell Miners may interfere with the parasite’s host-location or reproductive
behaviour (Stone 1996). Bell Miners occur at greater densities than other
generalised insect feeders (Clarke and Schedvin 1999). Therefore a reduction in
invertebrate predators and parasites may be a numerical response to high Bell
Miner populations. Removing the regulatory control agents of psyllids might enable
psyllid populations to increase.
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Although this hypothesis has often been postulated and can now be found in
mainstream ecology texts (Dickman 2006), it remains untested. We seized the
opportunity to examine the influence of Bell Miners on potential invertebrate
predators and parasites of psyllids at a site where Bell Miner colonies were to be
removed as part of a land management activity designed to combat eucalypt
dieback. Campbell and Moore’s (1957) hypothesis predicts that with the removal of
Bell Miners there should be an increase in the number of invertebrate predators and
parasites of psyllids, which will in turn lead to a decrease in the number of psyllids.
Methods
The study was undertaken on private property in Merimbula, south-east NSW (36°
50’S, 149°54’E). In 2005 the owner of Mandeni Resort and Manna Park, was
granted a permit to cull 1500 Bell Miners on his 300 ha property. This was the
state’s first large-scale culling program, initiated in an attempt to halt eucalypt
dieback which was extensive and severe. Such a large-scale cull provided an ideal
opportunity to examine the impact Bell Miners have on the arthropod predators and
parasites of psyllids.
Bell Miners were removed from most of Mandeni, whilst a small area of Mandeni
and a second property, Manna Park, retained Bell Miners. This allowed us to set up
control sites that retained Bell Miners for the duration of the study. A total of eight
sites were selected in November 2005; four treatment sites that would have Bell
Miners removed in the following six months and four control sites that would retain
Bell Miners. Site selection was guided by the culling program which had already
been established by the landowner. Four treatment sites were selected at Mandeni.
Three sites at Manna Park were selected for control sites, and a fourth control site
was found in an area of Mandeni from which Bell Miners were not being removed
(Fig. 1). While the area in which the trees were selected from was dependent upon
the size and shape of the Bell Miner colony (900m²-3582m²; Appendix I), the
intensity of invertebrate sampling was similar at all sites.

98

Impact of Bell Miners on arthropod predators and parasites of psyllids

Fig. 1. Map of Mandeni and Manna Park indicating location of all eight sites, four
control sites (C) and four treatment sites (T).

99

Impact of Bell Miners on arthropod predators and parasites of psyllids
We monitored the abundance of arthropod predators and parasites of psyllids on
similar numbers of trees across the sites (Table 1) and the variety of eucalypt
species sampled at each site reflected their relative abundances at each site. Two
methods of sampling for arthropods were selected; leaf collection and fogging with
insecticide. Leaves were collected to determine the abundance of psyllids and the
percentage of psyllids parasitized by wasps. Trees were fogged with insecticide to
sample all invertebrates including psyllids.

Leaf Collection
At each of the sites canopy trees, where the foliage could be reached with a ladder
and telescopic tree pruner (2.7 m), were selected and tagged. Trees representing all
of the eucalypt species at the sites were sampled by this method, predominantly
Blackbutt Eucalyptus pilularis and Yellow Stringybark E. muelleriana which from
earlier examination, and discussion with the landholder, appeared to be the two
eucalypt species consistently carrying psyllids. We also sampled Red Bloodwood
Corymbia gummifera, Woollybutt E. longifolia and Manna Gum E. viminalis.
A branch of foliage containing at least 20 leaves was lopped from both the northern
and the southern aspect of the tree. The lopped foliage was caught in a large calico
bag and immediately transferred, with any invertebrates that had fallen off the
foliage into the bag, into plastic clip-lock bags and sprayed with household
insecticide. On returning from the field these were stored in a cool room at 5°C to
prevent deterioration of the samples.
From each tree 20 leaves were selected randomly from the bag and examined for
psyllids and evidence of parasitism or other invertebrate predators. For each of the
20 leaves we collected and recorded the number of psyllids with lerp, the number of
empty lerp, the number of psyllids without lerp (nymphs and adult) and the number
of psyllid eggs. We also noted the number of lerp that had been pierced. The
remainder of the leaves and the bag were examined and any invertebrates other
than psyllids collected.
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Table 1. Number of trees sampled using the two different methods, fogging and leaf
collection, at each of the control (C) and treatment (T) sites prior to treatment (2005)
and following the removal of Bell Miners (2006).
Leaves were collected from the same trees in 2005 and 2006. However, in some
cases trees were no longer available for leaf collection in the second year. Different
trees were selected for fogging in 2005 and 2006.

Site

Fogging
2005

C1
C2
C3
C4
T1
T2
T3
T4

7
4
7
7
6
4
5
4

Leaf
Collection
2005
10
7
8
10
10
8
7
7

Total 2005

Fogging
2006

17
11
15
17
16
12
12
11

6
5
6
5
7
4
6
5

Leaf
Collection
2006
10
7
7
10
7
8
6
6

Total 2006
16
12
13
15
14
12
12
11
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Fogging with Insecticide
As Blackbutt and Yellow Stringybark appeared to have the highest abundances of
psyllid, these species were fogged with insecticide to examine the abundances of
invertebrate predators and parasites of psyllids. Trees at each site, with foliage low
enough to fog from the ground, were selected and tagged. The afternoon before
fogging, 1m x 1m calico sheets were pegged out under the canopy on both the
northern and southern aspect of each tree to be fogged. The following morning
between 0630 – 0800 trees were fogged with Permethrin (Coopex® Residual
Insecticide). Insecticide was sprayed first into the northern aspect of the canopy and
then into the southern aspect of the canopy. An hour after spraying we returned to
the site and collected the calico sheets. These were wrapped and sealed in plastic
bags. Fogging was only carried out if there was no wind or rain. If conditions
became unsuitable, fogging would cease and new trees were selected for fogging
on the following day.
All invertebrates were collected from the two calico sheets for each tree and stored
in 70% ethanol for later classification and counting. For each sample we counted
the number of predators (spiders Araneae, ladybirds Coccinellidae, lacewings
Neuroptera, hoverflies Syrphidae and pirate bugs Anthocoridae) and parasites
(psyllaphageous wasps). We also identified to order and counted all other
invertebrates. Psyllids, nymphs and adults, and lerp were also counted.

Tree health
The health of all sample trees was monitored visually and scored using the method
of Grimes (1978). Tree health scores were given for crown density, dead branches
and epicormic growth, ranking each between one to five with five representing good
health and one representing severe dieback (Appendix 2.2). Total tree health was
used in analysis.
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Bell Miner abundance
Five spot counts, of two minutes duration, were undertaken at each of the sites as a
measure of Bell Miner density. At five points, evenly spaced throughout the colony,
the number of individuals seen was recorded.

Following removal of Bell Miners from treatment sites
In November 2006 we returned to the sites following the removal of Bell Miners. By
this time all experimental sites had been free of Bell Miners for at least six months.
Bell Miner spot counts were repeated to confirm that there were no Bell Miners at
treatment sites and that Bell Miner abundance at control sites was similar to that
prior to removal. Trees that had previously been lopped were lopped again. New
trees were selected for fogging to eliminate any residual impact from the previous
year’s fogging. Tree health was recorded for all trees examined for the duration of
the study.

Analysis
Data did not fit a normal distribution so non-parametric analysis was used. Wilcoxon
Signed Rank Tests were used to compare treatment sites before and after the
removal of Bell Miners and to compare control sites before and after treatment.
Mann-Whitney U Tests were used to compare the magnitude of the differences
between the control and treatment sites following the removal of Bell Miners. The
hypothesis predicts that there will be an increase in the magnitude of differences
between control and treatment sites following the removal of Bell Miners. MannWhitney U Tests were also used to compare treatment sites with control sites prior
to the removal of Bell Miners and to compare treatment sites with control sites
following the removal of Bell Miners.
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Results
Abundance of Bell Miners
Similar abundances of Bell Miners were detected at control and treatment sites
prior to the culling of Bell Miners from the treatment sites (Table 2). On returning to
Merimbula in 2006 spot counts were repeated at all sites before invertebrate
sampling to confirm that there were no longer any Bell Miners at the four treatment
sites, and to allow us to compare the abundance of Bell Miners at the control sites in
2006 to the abundance of Bell Miners prior to the culls in 2005. No Bell Miners were
detected at any of the treatment sites and there was no significant difference in the
abundance of Bell Miners at the control sites between 2005 and 2006 following the
removal of Bell Miners from the treatment sites (Wilcoxon Signed Ranks Test; Z = 1.604; p = 0.109).

Tree Health
Tree Health was similar at all sites in 2005 (Mann-Whitney U Test; Z = -1.443; p =
0.200). There was no change in tree health detected at the control sites between
2005 and 2006 (Wilcoxon Signed Ranks Test; Z = -1.095; p = 0.273) and there was
no change in tree health detected at the treatment sites following the removal of Bell
Miners six months earlier (Wilcoxon Signed Ranks Test; Z = -1.826; p = 0.068); Fig.
2).

Prior to removal of Bell Miners
In November 2005, prior to the removal of Bell Miners from the treatment sites, all of
the treatment sites were similar to the control sites in terms of abundance of
invertebrate predators and evidence of predation; abundance of parasites and
evidence of parasitism; and abundance of psyllids. There were no significant
differences detected for any of these variables (Table 2).
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Table 2. Data collected for treatment and control sites for 2005 prior to the removal
of Bell Miners from treatment sites.
Means are presented ± one standard deviation. Mann-Whitney U tests were
performed to compare treatment and control sites prior to treatment. There were no
significant differences. Bell Miner density represents mean number of birds per 2
minute spot count (n = 5). All fogging data (spiders, ladybirds, hover/lace/pirate,
wasps, psyllids, all arthropods) represents catch per tree (2m²). All leaf collection
data (empty lerp, lerp pierced, psyllids) represents catch per 20 leaves.
Bell Miner density
Predators/predation
Spiders
Ladybirds
Hover/lace/pirate*
Empty lerp
Parasites/parasitism
Wasps
Lerp pierced
Psyllids
Fogging
Leaf Collection
All Arthropods#

Treatment
2.70 ± 1.05

Control
4.25 ± 1.24

Z
-1.479

p- value
0.200

3.92 ± 15.99
0.76 ± 1.79
0.46 ± 0.75
3.29 ± 4.09

4.21 ± 4.64
0.53 ± 0.84
0.21 ± 0.28
5.55 ± 6.53

-0.866
-0.454
-0.155
-1.272

0.386
0.650
0.877
0.203

0.39 ± 0.54
8.07 ± 5.93

0.44 ± 0.43
4.91 ± 3.13

-0.296
-0.577

0.767
0.686

1.00 ± 1.60
1.82 ± 2.91
36.36 ± 23.68

0.47 ± 0.70
4.03 ± 7.38
32.26 ± 28.36

-0.774
-1.320
-0.806

0.439
0.187
0.420

* Hoverflies, lacewings and pirate bugs were only detected in very low numbers so data were pooled.
# We present the data for all arthropods collected by fogging which indicate the total abundances of arthropods
collected by this sampling method.
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2005

a

5

2006

Health score

4
3
2
1
0
T1

T2

T3

T4

C1

C2

C3

C4

T2

T3

T4
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C4
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T3

T4

C1

C2
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C4

T2

T3

b

5

Health score

4
3
2
1
0
T1

6

c

Health score

5
4
3
2
1
0
T1

16

d

14

Health score

12
10
8
6
4
2
0
T1

T4

C1

C2

C3

C4

Site

Fig. 2. Tree health measures for all trees either fogged with insecticide or lopped at
treatment (T) and control (C) sites for both 2005 and 2006. Tree health measures,
based on Grimes (1978), were a. Crown Density, b. Dead Branches, c. Epicormic
Growth and d. Total Tree Health. Error bars indicate one standard deviation.
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The hypothesis predicted: 1. there would be an increase in the abundance of
invertebrate predators and parasites of psyllids following the removal of Bell Miners;
and 2. this in turn would lead to a decrease in the abundance of psyllids.

Prediction one; the removal of Bell Miners will lead to an increase in the invertebrate
predators and parasites of psyllids
There was no significant increase in the abundance of spiders (Wilcoxon Signed
Ranks Test; Z = -0.365; p = 0.715) or the abundance of ladybirds (Wilcoxon Signed
Ranks Test; Z = -1.207; p = 0.227) at the treatment sites following the removal of
Bell Miners (Fig. 3a and 3b). Nor was there a significant difference in the magnitude
of the difference between control and treatment sites following the removal of Bell
Miners (Mann-Whitney U Test; spiders, Z = -0.577; p = 0.564; ladybirds, Z = -0.866;
p = 0.386). Hoverflies, lacewings and pirate bugs were only detected in very low
numbers so data were pooled. There was no significant increase in the abundance
of these predators at the treatment sites following the removal of Bell Miners
(Wilcoxon Signed Ranks Test; Z = -0.365; p = 0.715; Fig. 3c). Nor was there a
significant difference in the magnitude of the difference between control and
treatment sites following the removal of Bell Miners (Mann Whitney U Test; Z = 0.615; p = 0.538).
The number of intact lerp that did not contain a psyllid was recorded as evidence of
possible predation on psyllids by arthropods. Other than fifth-instar individuals, an
undamaged empty lerp indicates that the former occupant has died (Clark & Dallwitz
1975). There was no significant increase in the number of lerp that did not contain
psyllids at the treatment site following removal of Bell Miners (Wilcoxon Signed
Rank Test; Z = -1.095; p = 0.273; Fig. 3d). The magnitude of the difference in the
number of lerp that did not contain psyllids did not differ significantly between
control and treatment sites following the removal of Bell Miners (Mann Whitney U
Test; Z = -1.443; p = 0.149).
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The impact of Bell Miners on the wasps that parasitise psyllids was recorded by
both the abundance of the wasps and percentage of lerp pierced (evidence of
piercing by ovipositor and emerging wasps). There was no significant difference in
the abundance of parasites (Wilcoxon Signed Ranks Test; Z = -1.826; p = 0.068) or
evidence of parasitism (Wilcoxon Signed Rank Tests; Z = -0.73; p = 0.465) at the
treatment sites before and after removal of Bell Miners (Fig. 3e and 3f). The
magnitude of the difference between control and treatment sites in the abundance
of parasites (Mann Whitney U Test; Z = -0.726; p = 0.468) or evidence of parasitism
(Mann Whitney U Test; Z = -1.155; p = 0.248) did not differ significantly between
control and treatment sites following the removal of Bell Miners.

Prediction two; there will be a decrease in the abundance of psyllids
Psyllids were collected by both sampling methods and were detected with and
without lerp. There was no significant difference in the abundance of psyllids at the
treatment sites following the removal of Bell Miners (Wilcoxon Signed Rank Test;
psyllid from fogging, Z = -1.826; p = 0.068; psyllid from leaf collection, Z = -1.095; p
= 0.273; psyllid with lerp, Z = -1.095; p = 0.273; Fig. 4). The magnitude of the
difference between control and treatment sites did not differ significantly between
control and treatment sites following the removal of Bell Miners (Mann Whitney U
Test; psyllid from fogging, Z = -1.155; p = 0.248; psyllid with lerp, Z = -0.436; p =
0.663).

All Other Arthropods
We present the data for all arthropods collected by fogging (Fig. 5) which indicate
the total abundances of arthropods collected by this sampling method. As well as
the predators and parasites of psyllids, fogging resulted in the collection of taxa from
Blattodea, Diptera, Coleoptera, Hymenoptera, Hemiptera, Odonata, Orthoptera,
Phasmatodea, Lepidoptera, Isoptera, Thysanoptera, Dermaptera, Embioptera,
Isopoda, Acarina and Chilopoda. There was no significant difference in the
abundance of these arthropods (those that were neither predators nor parasites of
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psyllids) at the treatment sites following the removal of Bell Miners (Wilcoxon
Ranked Signs Test; Z = -1.826; p = 0.068; Fig. 4). The magnitude of the difference
between control and treatment sites did not differ significantly between control and
treatment sites following the removal of Bell Miners (Mann-Whitney U Test; Z =
0.00; p = 1.000).
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Fig. 3. Changes in the abundances of psyllid predators and parasites and evidence
of parasitism in 2006 following the removal of Bell Miners from treatment sites (T1,
T2, T3, T4).
Figures show mean abundances per trees fogged for a. spiders , b. ladybirds, c.
hoverflies, lacewings and pirate bugs pooled, d. mean number of empty lerp per 20
leaves, e. mean abundance of parasitising wasps per trees fogged and f. the
percentage of lerp pierced per 20 leaves. Error bars indicate one standard
deviation.
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Fig. 4. Changes in the abundances of psyllids following the removal of Bell Miners
from treatment sites (T1, T2, T3, T4) in 2006.
Figures show a. mean abundance per trees sampled of psyllids from fogging with
insecticide, b. mean abundance of psyllid per 20 leaves from leaf collection, and c.
mean abundance of psyllid with lerp per 20 leaves from leaf collection. Error bars
indicate one standard deviation.
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Fig. 5. Abundance of arthropods recorded by fogging at treatment (T) and control
(C) sites in both 2005 and 2006.
Figure 5a presents the mean abundance of arthropods recorded that are neither
known predators nor parasites of psyllids. Figure 5b presents the total mean
abundance of all arthropods recorded from fogging at control and treatment sites.
Error bars indicate one standard deviation.
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Discussion
Contrary to the predictions of Campbell and Moore’s (1957) hypothesis, our study
could detect no significant increase in the abundance of any of the known arthropod
predators or parasites of psyllids, nor any increase in evidence of predation or
parasitism, following the removal of Bell Miners from the treatment sites. Nor was
there any difference in the total abundances of arthropods following the removal of
Bell Miners. Furthermore, if the hypothesis had been supported, we would have
expected to see a decrease in psyllid abundance at the treatment sites following the
removal of Bell Miners. There was no significant decrease in the abundance of
psyllids following the removal of Bell Miners from treatment sites.
Both control and treatment sites were initially similar in terms of their abundances of
these predators and parasites, and arthropod abundance overall. Past studies
suggest it is not unrealistic to expect to have seen an increase in these arthropods
more than six months after the removal of Bell Miners, if Bell Miners had been
having an impact on their abundance. Other studies have detected changes in
abundances of arthropods almost immediately following the exclusion of avian
predators. For example, Recher and Majer (2006) found that immediately after
excluding birds (exclusion cages) there was an increase in the abundance of insects
and spiders. Mooney and Linhart (2006) found an immediate increase in the
abundance of ants following the exclusion of birds. Given this, we are confident that
had there been an impact of the removal of Bell Miners on the abundance of the
predators and parasites, it should have been evident within the time frame of the
study.
Abundances of arthropods, particularly the predators and parasites we were trying
to detect, were low. Both sampling procedures used here for estimating relative
abundance of arboreal invertebrates, branch clipping and fogging with insecticide,
have been compared in the past for biases (Majer & Recher 1988; Majer et al.
1990). Branch clipping gives a good representation of sessile taxa such as psyllid
nymphs, whilst fogging with insecticide is effective for sampling spiders, beetles,
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wasps and other Hemipterans. Both methods actually underestimate abundance
and it is recommended that both be used in conjunction, as they are
complementary, and that results be interpreted with an understanding of the
shortcomings of both (Majer & Recher 1988; Majer et al. 1990). Any under-estimate
of abundance in this study should be consistent across treatment and control sites
and consistent between 2005 and 2006. Rather than determining absolute
abundances, the aim here was to detect any changes in abundances, which should
still be apparent despite any under-estimation. Majer et al. (1990) recommend
reducing sources of error from temporal variations by sampling on consecutive
days, sampling at the same time of day and restricting sampling to specific weather
conditions, all of which we did. By fogging from the ground, sampling was restricted
to the lower canopies. Whilst this will give a good indication of arthropod presence
and abundance, as lower foliage appears to support greater densities of arthropods,
including predators e.g. spiders (Ohmart et al. 1983; Woinarski & Cullen 1984),
differences in tree heights may have introduced some additional variability in our
data.
Poiani (1993b) found there was a trend for Bell Miners to consume more non-psyllid
arthropods during the breeding season. Lower frequencies of arthropods were
recorded in the gizzards of mature birds than immature birds, which can be
explained by the fact that mature birds feed nestlings the arthropods, decreasing
their own consumption (Poinai 1993). Soft bodied arthropods e.g. spiders, flies,
moths and insect larvae made up 22% of food brought to nestlings (Poiani 1997).
Bell Miners are known to breed throughout the year, with some variation over their
range. In NSW breeding has been recorded throughout the year, predominantly in
June to November (Higgins et al. 2001). Bell Miners were recorded nesting during
both the 2005 and 2006 sampling periods, in fact a number of times trees had to be
excluded from fogging when active nests were discovered in vegetation below. If
Bell Miners prey more heavily on arthropods when feeding nestlings, this should
have been an ideal time to detect an increase in abundance of arthropods at the
treatment sites with the removal of the pressure from breeding Bell Miners in 2006.

114

Impact of Bell Miners on arthropod predators and parasites of psyllids
It is possible that low abundances of parasitic wasps and detection of activity by
these wasps, was due to the low abundance of psyllids (c.f. Clarke and Schedvin
1999), their host. However, Basset (1991) reported high densities of particular
parasitoid wasps despite the fact that their host was not particularly abundant. In
any case, it was not the absolute abundance we were interested in, but rather a
change in the relative abundances at a site following treatment, which could still be
detected with low abundances.
In removing the purported predatory pressure of Bell Miners upon arthropod
predators and parasites of psyllids, the hypothesis predicts a decrease in psyllid
abundance following removal of Bell Miners. Both treatment and control sites had
similar abundances of psyllids initially, and following removal of Bell Miners no
change in abundance was detected at treatment sites, nor were treatment sites any
different to control sites. This is not surprising given that the removal of Bell Miners
was not accompanied by an increase in arthropod predators and parasites of
psyllids.
However, the hypothesis also predicts a decrease in psyllids following the removal
of Bell Miners if other avian insectivores are more effective at eradicating psyllids
than Bell Miners (Loyn et al. 1983; Loyn 1995; Clarke and Schedvin 1999). No data
on changes in bird abundance, other than Bell Miner counts, were collected as part
of this study, but early reports following the removal of Bell Miners indicated a rapid
influx of other avian species once the Bell Miners were removed (R. High and J.
Shields pers. comm.). The rapid influx of other avian species following removal of
Bell Miners is consistent with earlier studies (Loyn et al. 1983; Clarke and Schedvin
1999). However, the lack of an associated and subsequent drop in psyllid numbers
is not consistent with earlier studies. Our inability to detect a decrease in psyllid
abundances at treatment sites following the influx of other avian species could be
due to no such effect having occurred, or because any effect that did occur was
smaller than that capable of being detected with our limited sample size. One
possibility is that the insectivorous birds that occupied treatment sites following the
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removal of Bell Miners had a similar impact on the abundance of predators and
parasites, and arthropods in general, to that of the Bell Miners that had been
removed.
The intensity of predation on parasitised insects will depend upon the vulnerability of
the parasitised insect and a preference by the predator for parasitised or nonparasitised (Kaneko 2005). A study of scale insects and their parasitoids (Kaneko
2005) found that parasitised and non-parasitised scale appear to be equally
vulnerable. Reed Buntings Emberiza schoeniclus were found to feed at almost
equal rates on parasitised and non-parasitised scale (Kaneko 2005). Cabbage
Butterfly Pieris rapae larvae that were parasitised by the braconid parasite
Apanteles glomeratus were found to be up to three times more susceptible to
predation by ants than non-parasitised larvae (Jones 1987). Jones (1987) suggests
that vertebrate and insect predators may have different preferences for parasitised
and non-parasitised insect prey, with mammals and birds showing a preference for
non-parasitised hosts. Stone suggested that as parasitised psyllid nymphs are
blackened they may be more obvious to birds (Stone et al. 1995). The predation risk
of parasitised psyllid nymphs varies depending on the developmental stage of the
psyllid (Erbilgin et al. 2004). No work has been carried out to examine any
preference by Bell Miners, but our results provide no evidence that Bell Miners are
having more impact on the population abundances of these wasps than other avian
insectivores.
Stone (1999) also suggested that Bell Miners may reduce the efficacy of the
parasitic wasps by interfering with their reproductive behaviour or host-location
behaviour. This part of the hypothesis was not tested as part of our study. We could
find no reference to birds interfering with host location behaviour of arthropod
parasites, and the only indication that birds may interfere with the reproductive
capacity of arthropods is that mortality rate of arthropods can be influenced by their
size and by their activity level which may impact on sex ratios in predator
populations (e.g. Gunnarsson & Hake 1999). Both male and female parasitoid
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wasps are the same size, so size is unlikely to make a difference in their risk of
predation, though differing activity levels by the sexes may make one more of a
target for birds than the other.
We found no evidence to suggest that the impact Bell Miner presence has on the
abundance of arthropod predators and parasites was any different from that of the
avian insectivores that occupied the site following the removal of Bell Miners. We
acknowledge that the number of replicates was small and this limits the power of
our analysis. Nevertheless, none of the experiments provide any evidence to
suggest that Bell Miners were reducing the efficacy of predators and parasites of
psyllids, as postulated by Campbell and Moore (1957). Other hypotheses are
needed to explain why psyllid populations erupt and why Bell Miners are commonly
associated with such eruptions.
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CHAPTER SIX
Chapter 6
The factors driving site selection in Bell Miners Manorina
melanophrys; the ecological consequences of colonisation and the
processes driving these ecological changes.

General discussion, conclusions and future directions
Research into the impacts of human disturbance has largely focused on species
that are threatened or at risk. Another group, just as urgently requiring our attention,
are those species that have benefited from our alteration of the landscape to the
point where those species are now becoming ‘overabundant’ (Noss 1990).
Examples include the White-tailed Deer Odocoileus virginianus (Whitney 1984;
Anderson and Katz 1993; deCalesta 1994; Waller and Alverson 1997), the Brownheaded Cowbird Molothrus ater (Brittingham and Temple 1983; Robinson et al.
1995; Goguen and Matthews 1999; Robinson 1999), the Barred Owl Strix varia
(Dark et al. 1998; Buchanan et al. 2007; Gutiérrez et al. 2007) and here in Australia
the Noisy Miner Manorina melanocephala (Dow 1977; Catterall et al. 1997,1998;
Grey et al.1997, 1998; Piper and Catterall 2003). Whilst not quantified, it is widely
believed that the Bell Miner Manorina melanophrys is also increasing in range and
abundance (Wardell-Johnson and Lynch 2005; Wardell-Johnson et al. 2006). It is
imperative that we understand the social and ecological processes underpinning the
domination by these species of the habitats they occupy as they can have profound
negative impacts on whole communities and ecosystems and can lead to ecological
impoverishment (Noss 1990; Garrott et al. 1993). This is of particular importance if
there is the possibility that anthropogenic effects are driving or exacerbating the
influence of these overabundant species.
An association between the presence of Bell Miners and dieback in the eucalypt
canopy was first reported in 1922 (Chandler 1922). Interest in the apparent spread
of, and the mechanisms driving, Bell Miner-associated dieback of eucalypts (BMAD)
has peaked in recent years with the realisation that tens of thousands of hectares of
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forest in north-eastern NSW are now affected and that a further 2.5 million hectares
is considered to be vulnerable (Wardell-Johnson et al. 2005). In Victoria BMAD has
been linked to the extensive decline of isolated patches and a substantial, but
unknown, area of south-east Queensland is similarly affected (Wardell-Johnson et
al. 2006). A literature review instigated by the BMAD Working Group highlighted
many gaps in our understanding of the Bell Miner, the ecological consequences of
colonisation by the species, and the abiotic and biotic factors implicated in the
dieback of the eucalypt canopy. The review highlighted that a causative link
between Bell Miner presence and declining tree health had not been established
(Wardell-Johnson et al. 2005).
There has been extensive study of the social organisation of Bell Miners (Swainson
1970; Smith and Robertson 1978; Clarke 1984a, 1988; Clarke and Heathcote 1990;
Poiani 1993a) but little is known about the social dynamics involved in the
expansion of colonies and the establishment of new colonies. My study is the first to
show that colonisation of new areas by Bell Miners can be carried out via two
different pathways (Dare et al. 2008). Colonisation of one area was initiated by a
breeding pair, followed by their contingent of helpers. In contrast, a second area
was colonised by a group of unmated males, which persisted and defended a site
despite the absence of a breeding female. Together with the observations of Clarke
and Fitz-Gerald (1994), our findings suggest there are two possible routes for males
to gain a breeding territory; remain on their natal territory until a breeding vacancy
arises (Clarke & Fitz-Gerald 1994) or alternatively establish a new territory on
previously unoccupied land with the assistance of other males (Dare et al. 2008).
My behavioural study of individually marked birds and habitat assessment
confirmed that colonisation of a site by Bell Miners is linked to the presence of a
dense understorey (Dare et al. 2007; Chapter two) and there was strong evidence
that this need is driven by the species’ nesting requirements (Dare et al. 2007). In
fact Bell Miners were prepared to travel 200m across unoccupied habitat just to
nest; returning to, and defending, other parts of the colony’s territory to feed, collect
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nest building materials and collect food for nestlings and fledglings (Dare et al.
2007, 2008). In both instances, individuals participating in these forays into new
areas subsequently returned to the colony suggesting the benefits gained from
being a member of a colony are high.
A large percentage of the BMAD sites of northern NSW are dominated by a dense
understorey of the weed Lantana Lantana camara (Bower 1998; Wardell-Johnson et
al. 2005; Stone et al. 2008). Our study provides further evidence that the association
with any particular species is linked to structural features, e.g. the presence of
Lantana may be correlated with an open canopy (Wardell-Johnson et al. 2005) or
Lantana may provide the dense understorey that is a requirement for nesting. In
Victoria Bell Miner colonies often had a dense understorey of the common noxious
weed Blackberry Rubus fruiticosus but Bell Miners were equally likely to be nesting
in a dense understorey of endemic shrubs. A weedy understorey may simply be
indicative of site disturbance. Bower (1998) found that the presence of Lantana was
largely associated with disturbance associated with logging activities. Disturbance
leading to invasion by weedy species such as Blackberry or Lantana may lead to
the creation of a denser understorey in habitats that previously had a more open
understorey, making a previously unsuitable site more attractive for colonisation by
Bell Miners, but a weedy understorey is certainly not a requirement for colonisation.
A concurrent study examining habitat features associated with Bell Miners on the
NSW central coast also identified a significant association with a dense understorey
(Stone et al. 2008). Of the 37 plots with Bell Miners, 22 had a dense understorey of
the weed Lantana Lantana camara and/or the endemic Water Vine Cissus
antarctica. Other strong associations they detected were a sparse eucalypt canopy,
the absence of young vigorous regrowth trees and high values of a topographic
wetness index. Their sampling was based on a stratified random sample of 130
plots, 37 of which were colonised by Bell Miners. These 130 plots covered the
complete range of forest types and topographical positions within the region (areas
with slopes greater than 25° and greater than 250m from forest tracks were
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excluded). The paired sampling approach of my study compared the characteristics
of habitat within Bell Miner colonies with those of the area immediately adjacent to
the Bell Miner colony to see if any differences could be identified at a much more
local scale. The presence of a dense understorey was again found to be an
important predictor of the presence of Bell Miners. Hence, a preference by Bell
Miners for sites with a dense understorey has now been documented at the level of
the individual’s territory (Dare et al. 2007), the colony (Chapter two) and the
landscape (Stone et al. 2008).
My study is the first to suggest that a shortage of habitat with a suitably dense
understorey may limit the number of breeding territories, thus restricting the
expansion of Bell Miner territories into surrounding areas. A number of hypotheses
proposed to explain the evolution of cooperative breeding postulate that when the
opportunity for dispersal and breeding is limited by some factor, such as the
availability of suitable breeding territories, offspring may have no alternative but to
remain on their natal territory (habitat saturation hypothesis Selander 1964;
ecological constraints hypothesis Emlen 1982; delayed dispersal threshold model
Koenig et al. 1992). Although constraints on dispersal may explain why breedingage birds remain as non-breeders on their natal territory, it does not explain why
these non-breeders ‘help’ at the nests of kin and non-kin (Brown 1987). My study
may have identified a necessary step contributing to the evolution of the Bell Miner’s
complex cooperative social organisation, but other hypotheses are needed to
explain the extraordinarily complex pattern of helping seen in this species (see
Clarke 1989: McDonald et al. 2008a,b; Wright et al. 2010).
Sites with Bell Miners had higher abundances of psyllids than sites without colonies
(Chapter two) and this study confirmed an association between the density of Bell
Miners and the abundance of psyllids (Dare et al. 2007; Chapter two). Such a
relationship had previously been postulated by Stone (2005), based on a correlation
between eucalypt crown condition and Bell Miner density (unpublished data cited in
Stone 2005). In Dare et al. (2007) a peak in the density of Bell Miners coincided with
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the peak in abundance of psyllids at one of the newly colonised sites. More
conclusive evidence was provided by my paired site study where there was a
positive correlation between the density of Bell Miners and the abundance of
psyllids (Chapter two).
It is widely recognised that the aggressive interspecific territoriality of Bell Miners
leads to a reduction in the abundance and diversity of other species of insectivorous
birds within a colony’s territory. All members of the Bell Miner colony, regardless of
age, sex or breeding status participate in territorial defence (Smith and Robertson
1978; Loyn et al. 1983; Loyn 1987; Clarke and Fitz-Gerald 1994). Potential
competitors are often pursued beyond the boundaries of the colony’s territory (Smith
& Robertson 1978). Removal of or abandonment of a site by Bell Miners has led to
an almost immediate influx of other avian insectivores that feed on psyllids and lerp
e.g. Striated Thornbills Acanthiza lineata, White-naped Honeyeater Melithreptus
lunatus and Spotted Pardalote Pardalotus punctatus (Loyn et al. 1983; Clarke
1984b; Clarke & Schedvin 1999). Whilst these invading flocks contain a lower
number of individuals than the Bell Miner colony they replace, they rapidly reduce
the abundance of psyllids, decimating the infestations present, even prior to the
complete removal or departure by the colony. Bell Miners appear to be less
effective at reducing the abundance of psyllids than the insectivores they exclude
(Loyn et al., 1983; Loyn, 1995; Clarke and Schedvin, 1999).

Our understanding of Bell Miners and psyllid infestations: what has been
challenged?
One hypothesis proposed to explain the Bell Miner’s apparent ineffectiveness at
eradicating psyllids, as compared to their avian competitors, is that Bell Miners are
reducing predatory pressure on psyllids by not only excluding avian insectivores but
also by feeding on the psyllids’ arthropod predators and parasites (Campbell and
Moore 1955; Stone 1996). Bell Miners are known to consume a variety of
arthropods including spiders and insects (Campbell and Moore 1955; Poiani 1997).
The hypothesis postulates that Bell Miners will reduce the abundance of arthropod
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predators that feed on psyllids and the wasps that parasitise psyllids, and because
the abundance of birds is higher in a Bell Miner colony than outside, this depressive
impact on predators and parasites will be greater inside a Bell Miner colony than
outside (Stone 1996, 1999, 2005; Stone et al. 1995, 2001). Despite the fact that this
hypothesis has now made its way into mainstream ecological texts (Dickman 2006),
mine is the first study to test the hypothesis experimentally (Chapter five). The
hypothesis predicts that with the removal of Bell Miners there will be an increase in
the abundance of arthropod predators and parasites of psyllids which will be
followed by a decrease in psyllid abundance. We found that the impact of Bell
Miners on these predators and parasites was no different to that of the birds that
occupied the sites following the removal of Bell Miners. Although the statistical
power of my analysis was limited by the small number of replicates (as is typical in
such manipulative experiments carried out in the field, Quinn & Keogh (2002)), there
was no indication of a trend consistent with the predictions arising from the
hypothesis. I could find no evidence that it is a causative, or exacerbating, factor in
BMAD. Perhaps the removal of Bell Miners was not accompanied by an increase in
psyllids because neither birds nor arthropod predators are regulating psyllid
abundances, rather some other factor or factors i.e. environmental, are driving
psyllid abundance. Recher and Majer (2006) suggested our understanding of bird
predation on arthropod abundance required further examination in a range of
habitats to build up a picture of the role of birds in food webs across Australia. This
data set also contributes to this understanding (Chapter five).
An alternative hypothesis is the farming hypothesis (Loyn et al. 1983; Loyn 1987). It
postulates that not only are Bell Miners excluding all avian competitors but they
selectively feed on lerp, leaving behind the psyllid nymph to replace the lerp with a
new lerp, which can be done in as little as eight hours (Haythorpe & McDonald
2010). The feeding mechanism postulated to underpin this hypothesis has received
little support (see Poiani 1993b & Loyn 1995) until recently (Haythorpe & McDonald
2010). Haythorpe and McDonald (2010) compared the feeding behaviour of a
captive population of Bell Miners with that of a captive population of their congener,
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the Noisy Miner. They found that Bell Miners used a different feeding technique than
the Noisy Miner, and as a consequence were more likely to remove the lerp while
leaving behind an intact psyllid. Those psyllids left behind were also more likely to
be viable and regrow a lerp than those that were exposed by Noisy Miners
(Haythorpe & McDonald 2010). These findings suggest that through non-lethal
foraging Bell Miners have the potential to contribute to psyllid infestations. Whether
the feeding technique of the Bell Miner differs from the feeding strategies of other
avian insectivores remains to be tested, in particular those species that are known
to take the place of Bell Miners when they are removed or move on.
My study has challenged the notion that there is always an association between Bell
Miners and psyllids. I have found that sites with Bell Miners had higher abundances
of psyllids than sites without Bell Miners (Chapter two) but sites do not require an
elevated psyllid abundance for Bell Miners to colonise them (Dare et al. 2007) and
Bell Miner colonisation does not necessarily always lead to a psyllid infestation
(Dare et al. 2007; Chapter two). In fact Bell Miner colonies will persist at a site with
no, or very low abundances of, psyllids (Chapter five; Chapter two). These
observations force us to re-examine what is really known about the causal
relationships between Bell Miners colonising a site, psyllid infestations and eucalypt
dieback.

What conditions predispose a site to a psyllid infestation?
A reduction in predation pressure on the psyllids?
My study suggests the interspecific territorial behaviour of the Bell Miner and its
foraging method are insufficient to always result in, or maintain, psyllid densities at
infestation levels. This, and the fact that psyllid infestations (e.g. Angel et al. 2008),
including the most common species seen in BMAD Glycaspis spp. (e.g. Clark and
Dallwitz 1974), are also seen outside of Bell Miner colonies suggests other factors
may be more important than Bell Miners in determining whether or not a psyllid
infestation occurs.
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An abundance of resources?
Nitrogen is generally a limiting factor for many insect herbivores and increasing
access to nitrogen can elicit enhanced health, growth and reproduction (Mattson
1980). Some disturbances can lead to an increase in inorganic nitrogen in the soil,
principally nitrate (NO₃) and ammonia (NH₃) (Steudler et al. 1991; McHale &
Mitchell 1996). Inorganic nitrogen in the soil is available for uptake by plants (von
Wiren et al. 1997) and any increase has the potential to increase the levels of
nitrogen in the plant and thus levels available to psyllids. The disturbances that have
been implicated in increasing inorganic nitrogen in the soil at BMAD sites include an
absence of frequent fires (Jurskis & Turner 2002) and logging activities (Bower
1998).
The plant stress hypothesis postulates that a plant under stressful conditions
produces higher levels of nitrogen (White 1969). This nitrogen is then available for
phloem feeders such as psyllids. This extra nitrogen is the result of protein
synthesis impairment (Hsiao 1973) and the production of the nitrogen-containing
amino acid Proline, an osmoprotectant which offsets low osmotic pressure (Aspinall
& Paleg 1981). The plant stress hypothesis has been incorporated within the
pulsed stress hypothesis that postulates that this increased level of nitrogen is only
available to the psyllids once water turgor within the plant reaches a level sufficient
for the psyllid’s feeding apparatus to access it (Huberty and Denno 2004).

A combination?
Bell Miners may be selecting sites that are predisposed to an infestation, but to date
there is no evidence that they are initiating psyllid infestations. Recent findings
indicate that the foraging technique of the Bell Miners may be contributing to the
occurrence of an infestation of psyllids. However, non-lethal foraging does not
appear to be capable of sustaining a psyllid infestation as throughout the study
many sites with Bell Miners were found to have very low abundances of psyllids
(Chapter five; Chapter two). Their behaviour, aggressive exclusion of other avian
insectivores in conjunction with non-lethal foraging on psyllids, may exacerbate the
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situation once psyllid abundances are approaching infestation. Psyllid infestations
appear to be initiated by disturbance and/or stress-induced increases in available
resources, though this remains to be tested.

Future Directions
There are two hypotheses to explain the initiation of infestations of psyllids resulting
in BMAD that remain to be tested:
1. The exclusion of fire leads to changes in nutrient cycles and soil health,
subsequently leading to more favorable conditions for pests, such as psyllids,
and disease (Jurskis and Turner 2002).
2. Under stressful conditions plants produce higher levels of nitrogen and
moister sites provide the psyllids with the required positive turgor to extract
this nitrogen, allowing psyllids to reach damaging densities (Stone et al.
2008).

Eucalypt decline in the absence of fire
This hypothesis postulates that a reduction in low intensity fires leads to changes in
soil conditions, promoting eutrophication and nutrient imbalances (Jurskis and
Turner 2002; Jurskis et al. 2003; Jurskis 2005a,b). The simple model Jurskis and
Turner (2002) present to explain eucalypt dieback in eastern Australia proposes that
exclusion of fire leads to an increase in soil moisture and nitrogen status and a
reduction in soil temperature that leads to impaired root function in eucalypts.
Increased resources may improve foliar nutrient status whilst stressing the trees
roots. These changes are postulated to encourage high rates of herbivory. Despite
frequent invocation of this hypothesis by Jurskis (see refs above), no site-based
survey data or experimental evidence have ever been presented to support this
hypothesis. Close et al. (2009) present a more detailed model to explain how an
absence of fire is leading to premature decline in eucalypt forests in temperate
Australia. They propose that a long absence of fire leads to the development of a
dense midstorey. This developing midstorey competes for available water resources
with the canopy eucalypts. Competition for soil water in conjunction with periodic
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drought causes water stress, altered canopy structure and increased epicormic
growth. The absence of fire also leads to a build up of soil surface litter that
decreases soil temperature which can be less favourable for soil mycorrhizae. Soil
nitrogen accumulates and other nutrients become immobilised in soil surface litter.
Overstorey eucalypts become deficient in nutrients, e.g. phosphorous, which limit
photosynthesis and lead to leaf abscission and further epicormic growth, which is
more susceptible to herbivory. Unpublished data suggested that the nitrogen
accumulating in the soil in the absence of fire does not translate into increased
nitrogen uptake by the overstorey eucalypts in trials in Tasmania (Close et al 2009).
They highlight that whether total soil nitrogen accumulation in the absence of fire
translates into increased nitrogen uptake by eucalypts is a key issue which remains
to be answered. Current research being undertaken by the Bushfire Cooperative
Research Centre should answer some of the questions about the role reduction in
frequency or absence of fire plays in tree decline. It will be the first national study to
investigate links between declines in tree health and changes in fire management.

Moister sites make nitrogen more readily available to psyllids
Turgor pressure is the hydrostatic pressure generated in cells of plants as a result of
the uptake of water by osmosis. Phloem feeders require positive turgor to extract
available nitrogen (Huberty and Denno 2004). The pulsed stress hypothesis
postulates that bouts of stress, followed by the return of turgor, allows phloem
feeders, such as psyllids, to take advantage of the stress-induced increases in
nitrogen (Huberty and Denno 2004). A shadehouse study found that the psyllid
Creiis lituratus showed a preference for young Eucalyptus dunnii subjected to
periodic waterlogging (Stone et al. 2010). If this is the case, then positive turgor
would also be required for psyllids to take advantage of any increase in nitrogen
available from the soil as a result of fire exclusion or other disturbances. Bell Miners
appear to favour moister sites which may provide the required turgor for the psyllids
to utilise any increases in nitrogen available in the phloem (Stone et al. 2008;
Chapter two). Eucalypt foliage samples collected from paired sites would indicate if
nitrogen levels are higher at the sites occupied by Bell Miners than at nearby sites
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they do not occupy. Surveyed in conjunction with counts of psyllids, this would allow
comparison of psyllid presence/absence and abundance with levels of nitrogen in
the eucalypt foliage. Turgor measurements collected from paired sites occupied by
Bell Miners and sites with no Bell Miners would detect any correlation between the
occurrence of Bell Miners and sites with higher water turgor. Undertaken in
conjunction with the collection of psyllid data, this would allow detection of any
correlation between the presence of psyllids and higher water turgor and the
abundance of psyllids and strength of water turgor.
My study suggests there is no strong causal relationship between Bell Miners and
psyllid infestations, rather anthropogenic changes to sites e.g. logging, changes to
hydrology and changed fire regimes, or some combination of all, may be key to
explaining the widespread association of Bell Miners with a declining or dying
canopy of eucalypts. Some interplay of anthropogenic changes, probably in
conjunction with natural disturbances such as drought, appears to be creating an
environment that Bell Miners are able to exploit. Over the past century populations
of native species that are generalists or opportunists have increased and their
distributions expanded (Garrot et al. 1993). The need to understand and address
the consequences of invasive or overabundant species has become urgent as
humans continue to alter ecosystems, promoting invasion. To understand the role
overabundant species are playing in shaping ecosystems we need to move beyond
studying patterns and focus on understanding the underlying processes that create
the conditions conducive to invasion by generalists or opportunists.
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Appendix 2.1
Co-ordinates for all 20 paired sites. Co-ordinates given are those of quadrat one
for each of the Bell Miner colonies.
Site
Latitude
Longitude
1
-37.657506
145.102694
2
-37.666964
145.088417
3
-37.669083
145.085733
4
-37.682277
145.105849
5
-37.681842
145.106247
6
-37.758897
145.075190
7
-37.751806
145.094692
8
-37.764811
145.077534
9
-37.774621
145.069049
10
-37.781740
145.064026
11
-37.615971
145.110072
12
-37.616467
145.114625
13
-37.619121
145.117753
14
-37.743233
145.223211
15
-37.740885
145.219261
16
-37.797743
145.004507
17
-37.849759
145.291498
18
-38.052064
145.364667
19
-37.856526
145.206963
20
-37.857265
145.202228
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Appendix 2.2
Tree Health Scores
Modified by J. Landsberg based on Grimes R.F. (1978) Qld Dept. For. Tech. Paper No. 7
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Appendix 5.1
GPS coordinates for all the trees sampled at control and treatment sites. LC is
trees from which leaves were collected in both 2005 and 2006 and FOG is the trees that were fogged
with insecticide either in 2005 or 2006. The area of the site, calculated as the area between trees
(using the GPS coordinates of all the trees at the site), is also given.
SITE
Treatment
1

2

TREE

SITE

LC
FOG
FOG
LC
FOG
LC
FOG
LC
LC
FOG
LC
FOG
FOG
LC
LC
LC
LC
FOG
FOG
FOG
FOG
FOG
FOG
Area

0759785
0759801
0759788
0759818
0759820
0759815
0759826
0759809
0759792
0759779
0759779
0759788
0759767
0759814
0759792
0759727
0759765
0759759
0759746
0759793
0759814
0759816
0759782
3112m²

5919223
5919186
5919211
5919190
5919197
5919180
5919184
5919169
5919212
5919207
5919206
5919195
5919230
5919171
5919212
5919250
5919181
5919213
5919219
5919202
5919199
5919195
5919223

FOG
FOG
FOG
LC
FOG
FOG
LC
LC
LC
LC
LC
LC
FOG
FOG
FOG
FOG
FOG
Area

0759930
0759927
0759942
0759969
0759950
0759970
0759971
0759972
0759981
0759982
0759952
0759954
0759988
0759998
0759925
0759892
0759930
3582m²

5918991
5918979
5918985
5918990
5918953
5918992
5919000
5918985
5919014
5919014
5919001
5918991
5918984
5918974
5918983
5919010
5918991

Control
1

2

TREE

FOG
LC
FOG
LC
FOG
LC
FOG
FOG
FOG
LC
LC
LC
LC
LC
LC
LC
FOG
FOG
FOG
FOG
FOG
FOG
FOG
Area

0759273
0759278
0759283
0759315
0759308
0759308
0759307
0759320
0759315
075900
0759283
0759289
0
0759299
0759296
0759198
0759294
0759298
0759299
0759282
0759263
0759258
0759288
1935m²

5917687
5917690
5917697
5917785
5917734
5917760
5917763
5917665
5917785
5917722
5917674
5917673
5
5917747
5917705
5917697
5917738
5917698
5917695
5917685
5917686
5917677
5917685

LC
FOG
FOG
LC
LC
FOG
LC
LC
LC
LC
LC
FOG
FOG
FOG
FOG
Area

0758272
0758242
0758298
0758279
0758242
0758301
0758295
0758273
0758283
0758282
0758296
0758287
0758310
0758311
0758336
2799m²

5918721
5918671
5918715
5918750
5918671
5918716
5918758
5918727
5918722
5918750
5918753
5918737
5918720
5918715
5918706
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3

FOG
FOG
LC
FOG
LC
FOG
LC
FOG
FOG
LC
LC
FOG
LC
LC
FOG
FOG
FOG
FOG
FOG
FOG
Area

0759292
0759306
0759246
0759299
0759228
0759232
0759288
0759290
0759277
0759240
0759295
0759299
0759295
0759289
0759235
0759232
0759236
0759283
0759278
0759257
2429m²

5918171
5918193
5918144
5918201
5918167
5918167
5918153
5918175
5918164
5918154
5918202
5918201
5918163
5918160
5918157
5918163
5918150
5918156
5918152
5918157

3

FOG
FOG
LC
LC
FOG
LC
FOG
LC
LC
FOG
LC
FOG
FOG
FOG
FOG
FOG
FOG
FOG
Area

0758137
0758134
0758127
0758122
0758118
0758108
0758116
0758096
0758115
0758122
0758124
0758103
0758124
0758127
0758125
0758128
0758113
0758115
1100m²

5918806
5918803
5918809
5918802
5918812
5918780
5918773
5918756
5918776
5918800
5918805
5918775
5918779
5918786
5918800
5918796
5918794
5918766

4

FOG
FOG
LC
LC
FOG
LC
FOG
FOG
FOG
LC
LC
FOG
LC
LC
LC
LC
LC
FOG
FOG
LC
FOG
FOG
Area

0759425
0759436
0759414
0759411
0759388
0759410
0759409
0759407
0759414
0759440
0759421
0759394
0759401
0759416
0759432
0759388
0759367
0759427
0759431
0759411
0759402
0759424
3467m²

5918537
5918479
5918496
5918497
5918520
5918535
5918526
5918559
5918590
5918480
5918491
5918505
5918521
5918558
5918521
5918520
5918538
5918535
5918534
5918515
5918473
5918471

4

LC
FOG
FOG
LC
FOG
LC
FOG
FOG
LC
LC
LC
LC
FOG
FOG
FOG
FOG
FOG
Area

0758378
0758304
0758323
0758314
0758366
0758343
0758364
0758365
0758366
0758378
0758840
0758341
0758317
0758320
0758326
0758329
0758327
900m²

5919053
5919018
5919018
5919023
5919040
5919029
5919038
5919043
5919044
5919053
5919088
5919090
5919016
5919016
5919012
5919025
5919022
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