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Abstract

The honey possum Tarsipes rostratus is a tiny (7 - 12 g) highly specialised
flower-feeding marsupial endemic to the south-western corner of Australia.
The impact of fire on this small mammal was studied, over a 19-year period,
in the Fitzgerald River National Park, a large (330,000 ha) area of relatively
undisturbed heathland/shrubland, rich in the proteaceous and myrtaceous
plants upon which the honey possum appears to rely for food. The honey
possum is the most abundant and widespread mammal in this Park.

Capture rates of honey possums were significantly related to the years since
the vegetation was last burnt, annual rainfall in the preceding (but not the
current) year, the season when trapping occurred, and the trapping grid
operated. Capture rates declined markedly after fire and remained low (less
than one third of those in long unburnt vegetation) for about 4 - 5 years
following a fire. Rates of capture then increased steadily over the next 20 - 25
years, with maximal abundance recorded about 30 years after fire. Thereafter,
there appeared to be a slight decline in capture rates, but even in the vegetation
unburnt for longest (> 50 years since fire), honey possum abundance was
substantial and relatively stable. In contrast to these changes in abundance,
the structure of the honey possum population, with 79 % adults and 57 %
males, appeared little influenced by fire history, annual rainfall, season or grid.

The increase in the rates of capture of honey possums following fire paralleled
the pattern of availability of cover in the vertical and, to a lesser extent,

horizontal plane. Indeed, projective foliage cover took around 20 years after fire
to reach levels similar to those available in areas unburnt for even longer.
The trend in capture rates was also congruent with the maturation of the most
frequently visited foodplants of honey possums, particularly Banksia nutans
(summer flowering) and B. baueri (winter flowering). Areas long unburnt still
contained shelter and foodplants adequate for honey possums even 50 years or
more after fire, with only slight evidence of senescence.

Pollen loads indicated that honey possums caught in burnt areas, where their
preferred foodplants were absent, continued to feed on these favoured
foodplants (Banksia and Dryandra spp.) at nearby unburnt areas. In addition,
they also fed, in both burnt and long unburnt areas, upon a suite of other plant
species that regenerated more rapidly from lignotubers and epicormic buds, as
well as from seeds (e.g. Eucalyptus and Calothamnus spp.). Thus, honey
possums appeared to persist with their preferences for feeding from a limited
number of flowering plants despite some of these species not being available in
recently burnt areas for many years. Nearby patches of unburnt vegetation can
clearly be important refuges, feeding grounds and shelter for the few honey
possums that visit recently burnt areas, and appear to be the source of honey
possum colonists in the years following a fire.

Capture rates were also greater following years when rainfall was higher than
average. Indeed, rainfall had as great an influence upon capture rates as time
since fire. Capture rates were also consistently higher over winter, and to a
lesser extent over summer, than in either autumn or spring. Individual grids,
even those close together in apparently similar vegetation with a similar fire

history, still differed significantly overall in the capture rates of honey possums.
This last finding has implications for the use of chronosequences in the study of
post-fire changes in biota.

Although not the primary focus of the study, data on the limited suite of other,
far less abundant, small mammals present indicated that house mouse Mus
musculus domesticus numbers peak soon after fire (about two years after fire),
grey-bellied dunnart Sminthopsis griseoventer numbers somewhat later (about
eight years after fire) and that southern bush rats Rattus fuscipes fiuscipes, like
honey possums, are later successional species. Most species were present in
vegetation over a range of post-fire ages, with data consistent with models
based on sequential changes in relative abundance.

Like many Australian mammals, the range of the honey possum has contracted
substantially over the last 200 years and the coastal heathlands of the southwest are its last stronghold. In terms of its conservation, this study indicates
that, if possible, management burns in these heathlands should be separated
by intervals of at least 20 years between successive burns, and preferably even
longer. If burns are required more frequently to meet other management
priorities, it is highly preferable that they are small and patchy, rather than large
scale. Such practices may help ensure the long-term survival of this unique,
highly specialised and endemic marsupial.
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Chapter 1. General introduction

1.1

Context of present research

Fire is a natural phenomenon that occurs throughout much of Australia,
although the mediterranean ecosystems of the south-west, with their highly
combustible vegetation and ignition-friendly climates, are probably more
vulnerable (Beard 1984, Bell et al. 1984). Fire is indeed a major and recurrent
disturbance in these ecosystems (Whelan 1995). Although many fires are
ignited by lightning strikes, humans have used fire in south-western Australia
since the first aboriginal people. Europeans also used fire, upon their
settlement in the south-west, to clear bush for agriculture and for stock pasture
(Hassel 2001). More recently, land managers have used fire as a management
tool on public land (McCaw and Hanstrum 2003).

Today, management of fire on lands reserved for nature conservation is a
complex, and at times controversial, subject (Keith et al. 2002b). Limited
knowledge of past fire regimes, fire behaviour and biological responses to fire
contribute to uncertainty about appropriate fire management (McCaw et al.
1992). Reconciliation of conflicting land uses adds further complexity. The fire
management strategies employed by land managers will ultimately depend on
the overall management objectives. For instance, prescribed burns may be
used to reduce and maintain low fuel loads in an attempt to prevent or reduce
the impact of a wildfire, or to maintain a mosaic of habitats within an area to
support an array of plant and animal species in a way that maximises the
biodiversity within a landscape.
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If the use of prescribed fire is to be an effective management tool, the impact of
fire on individual plant and animal species, as well as assemblages, needs to be
well understood. Other important considerations include an understanding of
the interactive effects of climatic variables, such as rainfall and drought, as well
as the interrelated components of the fire regime which each contribute to a
species response. These components include the extent, frequency, intensity,
type and season of the fire (Whelan 1995). It may be that species have been
selected to survive particular fire regimes, rather than fire per se (Wilson 1996,
Sutherland and Dickman 1999). The life-history traits of a species are also
important considerations, for instance its mobility and, thus, its ability to
recolonise from surrounding unburnt areas.

For small mammals, taken here as those species weighing less than
250 g, the impacts of fire, both natural and human-induced, may include
changes in the availability of food resources (e.g. foodplants and insect prey)
and shelter, altered home-range size, an increased presence of introduced
predators and competitors, and even local extinction. Small mammals are
certainly affected differentially by fire according to the amount of habitat
disturbance, their degree of specialisation, and other life-history traits, but most
declines in numbers after a fire are due to habitat alteration and reduced
availability of resources (Sutherland and Dickman 1999). This is particularly
true for the late-successional species, which may have specialised dietary and
habitat requirements.

Although the impacts of fire on Australian small mammals have been relatively
well studied compared to other groups, such as the reptiles and amphibians
2

(Bamford and Roberts 2003), much of the published research has involved
small mammal communities on the eastern seaboard of Australia (see recent
review by Friend and Wayne 2003). Of particular note are long-term studies in
the heathlands of Nadgee and Myall Lakes in New South Wales (Newsome
et al. 1975, Fox 1982 and 1996) and the Eastern Otways in Victoria (Wilson
et al. 1990, Wilson 1991). In comparison, there is a paucity of published
information on the impacts of fire on the small mammals of Western Australia
(Friend and Wayne 2003).

The study reported here, of the impact of fire on one small mammal in one
Western Australian heathland, appears opportune given that 69 % of all
heathland in Australia occurs in Western Australia and only 46 % of these
heathlands remain uncleared (NLAW 2001). One of the greatest threats to
remaining natural heathlands is the regular intense fires that are part of hazard
reduction management near urban areas (ibid). These important Western
Australian heathlands support an array of small mammals, some rare (e.g. the
dibbler Parantechinus apicalis and the heath rat Pseudomys shortridgei), and
one common, but highly specialised, species, the honey possum Tarsipes
rostratus, endemic to the south-west and largely confined to the coastal
heathlands.

During a long-term study of honey possums in an extensive area of
mediterranean heathland within the 330,000 ha Fitzgerald River National Park
an opportunity arose to study the reactions to fire of this tiny mammal. The
study of honey possums in the Fitzgerald River National Park started in 1984,
mainly in areas long unburnt, but also incorporated an area burnt in 1980.
3

Subsequently, one area was burnt in a wildfire during the summer of 1989/90.
Later, some other study areas were burnt during a prescribed management
burn in autumn 1998. The study continued until September 2002.

1.2

Scope and organisation of the thesis

This thesis reports the findings of a 19-year study of the honey possum, in the
context of the fire history of the different areas where this species was trapped.
It attempts to relate the changes in honey possum capture rates to the
availability of foodplants and shelter resources. The honey possum that is the
primary focus of the thesis is not only the most widespread and abundant
mammal in the Fitzgerald River National Park (Chapman 1995a), but also that
most readily trapped. Nonetheless, small mammals other than the honey
possum were also captured and the impact of fire upon them will also be
reported, albeit in less detail. However, it is important to note that this study
was explicitly not of a small mammal assemblage, but rather of a single
species, the honey possum.

The primary aims of the study were:

(1)

To examine the capture rates of honey possums, the age and gender
profiles of these local populations, and to a lesser extent the turnover
rates, both before and after fire, and in comparison to long unburnt
areas.
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(2)

To examine the loads of pollen carried by honey possums in relation to
the number of years since the vegetation was last burnt in the area
where they were caught.

(3)

To examine the capture rates of small mammals other than honey
possums, before and after fire, and in comparison to long unburnt areas.

(4)

To examine whether there were any relationships between the capture
rates of honey possums and the availability of foodplants and shelter
(vegetation cover) resources.

The following main propositions were examined:

(1)

That there would be no difference in the capture rates of honey possums
before and after fire, or between recently and long unburnt areas.

(2)

That there would be no difference in the pollen loads carried by honey
possums in relation to differences in the number of years since the
vegetation was last burnt in the area where they were caught.

(3)

That there would be no difference in the capture rates of small mammals
other than honey possums before and after fire, or between recently
and long unburnt areas.

(4)

That the capture rates of honey possums would not be related to the
availability of their foodplants or shelter resources.
5

The findings of the research are presented as follows. Chapter 2 describes the
Fitzgerald River National Park, where the study was conducted. Chapter 3
describes the study areas and the trapping grids, as well as a brief overview of
the small mammal species documented in the thesis. Chapter 4 details the
outcomes of a mark-recapture study of honey possums and Chapter 5
considers the pollen loads carried by them. Chapter 6 reports on the markrecapture study of the small mammals, other than honey possums, that were
caught. Chapter 7 presents information on the pollen loads carried by these
other small mammal species. Chapter 8 explores the impact of fire on the
availability of some potential honey possum foodplants, and Chapter 9
examines the impact of fire on the vegetation cover available to small
mammals. The thesis concludes with a discussion on the impacts of fire on
honey possums and other small mammals, including some possible
management implications for consideration by land managers.
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Chapter 2. The Fitzgerald River National Park

2.1

Location

The Fitzgerald River National Park (34o 12’ S 119o 22’ E) is located on the
central south coast of Western Australia, 170 km north-east of Albany, between
the towns of Bremer Bay and Hopetoun (Figure 2.1). It is one of the largest and
most botanically rich national parks in Australia, and covers an area of almost
330,000 ha (Moore et al. 1991).

2.2

History

The use by humans of the large area of relatively homogeneous heathlands
now known as the Fitzgerald River National Park can be separated into four
broad time periods as defined by Hassell (2001). These are the Aboriginal
Period (prior to 1850), Pastoral Period (1850 to 1950), Farming Period (1950 to
1973) and the National Park Period (from 1973 onwards).

2.2.1 Aboriginal Period (prior to 1850)

Aboriginal occupation of the area appears to have been minimal due to the lack
of freshwater and thick scrub, although the area may have been entered in
winter when freshwater was available. Most use of the area and any fires
appear to have been largely restricted to the outskirts of the Park area, although
information about this is very scarce (Hassell 2001).
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2.2.2 Pastoral Period (1850 to 1950)

John Septimus Roe was the first to survey the area in 1848 (Chapman and
Newbey 1995), although William Baxter had visited the area earlier, in 1823 and
1828, to collect and record the region’s flora. Baxter was followed by James
Drummond, who visited the area in 1847 and 1848 (Bradby 1989).

Throughout this period, pastoralists occupied areas to the west and east of the
Fitzgerald area, but they used only minor parts of the present National Park.
Even the areas settled around the Park were comparatively small because of
the very limited freshwater and natural pasture available (Hassell 2001).

The earliest area settled was at Jerramungup, north-west of the Park; this was
in 1849 (Hassell 1972). Soon thereafter, the local aboriginal tribe settled into a
semi-permanent camp near the “Jarramongup Station” homestead, where they
maintained much of their traditional life. This included late summer and autumn
burning, which continued at least until the 1880s and probably up to the early
1900s (Hassell 1975).

By 1873, the lease covered an area of some 37,000 ha which included several
outstations. Twertup (5,714 ha), one of the outstation leases, lies within the
Park; other outstations lay around Quaalup, from the Gairdner River towards St
Mary River and Point Ann.

The Dunn brothers took up another pastoral lease to farm north-east of the Park
in 1868, and during the same period the Wellsteads settled at Bremer Bay,
14

south-west of the Park (Bradby 1989). By the late 1890s, mineral exploration
had joined pastoralism in the area (Newbey and Chapman 1995a).

2.2.3 Farming Period (1950 to 1973)

This period, one of economic growth initiated and sustained primarily by the
clearing of land for farming and agriculture, coincided with a rise in community
concern for the future of remaining natural areas which lay within the boundary
of the current Park. Indeed, by the beginning of the 1970s most of the area
surrounding the Park had been cleared for agriculture (Bradby 1989).

Although the area was recognised as having high plant diversity as early as
1878 (Bradby 1989), it was not given any legal protection until 1954. Legal
protection for the area was first proposed by the Western Australian Naturalists’
Club in 1950 and strongly supported by the then Government Botanist Charles
Gardner. In 1954 the area was gazetted a ‘C’ class reserve for the
conservation of flora and fauna (Newbey and Chapman 1995a). Even then, the
Reserve was afforded little management or protection (Thomas 1989).

Towards the end of the 1960s the boom in mining applications threatened large
areas of the Reserve (Newbey 1995). At the time more than 11 % of the
Reserve’s land was pegged for the open-cut mining of minerals (ibid). At the
same time progress associations of the surrounding towns were pressing for
areas within the Reserve to be released for agriculture (Thomas 1989). The
catalyst for change in the Park’s status arose from public opposition to the plans
to mine lignite (for montan wax) in the Fitzgerald River gorge. In response, the
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Western Australian Geological Survey group drilled some core samples in the
area and found that the quantity and quality of the montan wax were much
lower than predicted by the mining companies (Newbey and Chapman 1995a)
and their proposal was rejected.

2.2.4 National Park Period (from 1973 onwards)

Following a public outcry over potential mining operations in the Fitzgerald Flora
and Fauna Reserve, the State Government upgraded the Reserve to ‘A’ class
national park in 1973 and placed it under the control of the National Parks
Authority of Western Australia (Newbey and Chapman 1995a). Even greater
protection was afforded to the Park when, in 1978, upon nomination by the
Western Australian government, the Park was declared an International
Biosphere Reserve by the United Nations Educational, Scientific and Cultural
Organisation (Bradby 1989). The Park was nominated because of its largely
undisturbed state and high biological diversity, particularly its flora (Sanders
1997). The Park is one of only two International Biosphere Reserves in
Western Australia (the other is the Prince Regent River Nature Reserve) and
one of only 13 in Australia (Environment Australia 2003). A biosphere reserve
is essentially a large undisturbed core area that is encompassed by a buffer
zone in which some human activity takes place. A transition zone, in which
more intense human activity takes place, surrounds the buffer zone. The
overall purpose of the global biosphere reserve network is to assist in the
conservation of the diversity of species and their habitats in a way that is
compatible with the needs of a rising world population (Sanders 1997).
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Today, the Park is used extensively by bushwalkers, anglers and visitors with
an interest in natural history, although most recreation activities are
concentrated along the coast (McCaw et al. 1992). Scientific research is also
carried out in the Park on a regular basis, both in the northern uplands by
members of the Department of Conservation and Land Management, and also
in the western section of the marine plain, predominantly by researchers from
Murdoch University.

2.3

Geology

The Fitzgerald River National Park area is one of the oldest places on earth
(Thomas 1989) and is located on the southern margin of the Western Australian
Shield, including the southern edge of the Archaean Yilgarn Block and the
central section of the Proterozoic Albany-Fraser Province (Moir and Newbey
1995). The greater part of the Archaean Yilgarn Block within the Park
boundaries, the oldest rocks in the park, is underlain by granitic and gneissic
bedrock, with enclaves of greenstone, metamorphosed greenstone remnants
and metasediments. Weathering and erosion has since reduced the surface to
a gently undulating plain largely covered by an ancient soil profile (ibid).

The Proterozoic Albany-Fraser Province is characterised by deformed, highgrade gneisses, with intrusions by magmatic granitoids. However, an extensive
cover of Cainozoic sediments and Proterozoic metasediments make it difficult to
determine the extent to which rocks of the Albany-Fraser Province might form a
basement within the Park (Moir and Newbey 1995). Both the Archaean Yilgarn
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Block and the Proterozoic Albany-Fraser Province are intruded by mafic dykes
of quartz dolerite, dolerite or gabbro, with more than one age of intrusion (ibid).

Proterozoic sediments of the Mount Barren Group form a series of rugged
ranges and stony hills along the southern margin of the Park, and most are of
low metamorphic grade (Moir and Newbey 1995).

2.4

Climate

2.4.1 Season

The four seasons in Australia are based on differences in climate. These are
defined by the Bureau of Meteorology as summer (1 December to 28 February),
autumn (1 March to 31 May), winter (1 June to 31 August) and spring
(1 September to 30 November).

2.4.2 Temperature

The climate of the region is typically mediterranean with cool and damp winters,
and warm to hot summers with erratic rainfall (Moir and Newbey 1995).
Temperature extremes are moderated near the coast, particularly during the
summer months (McCaw et al. 1992).

Although there are no permanent weather stations within the Fitzgerald River
National Park that have recorded temperature, long-term average monthly
temperature recorded nearby at Ravensthorpe and Jacup (inland) and the
18

coastal towns of Albany and Hopetoun show that average monthly temperature
tends to be similar on the coast and the inland boundary of the Park (Table 2.1).
However, the inland boundary is slightly warmer in summer and slightly cooler
in winter (Moir and Newbey 1995).

Weather conditions suitable for the ignition and spread of fires generally occur
on a regular basis between October and late April each year. Lack of rain
during the cooler winter months can also provide favourable conditions for fire
spread, particularly in years of drought (Moore et al. 1991).

2.4.3 Rainfall

Average annual rainfall is about 500 to 600 mm in coastal areas of the
Fitzgerald River National Park, but decreases from the coast inland to less than
400 mm at the northern boundary (Table 2.2). The western section of the Park
experiences an average annual rainfall of 533 mm (Figure 2.2). Rainfall tends
towards a winter maximum, but there may be episodic very heavy falls during
summer and early autumn in association with thunderstorms, and to a lesser
extent due to the passage of low-pressure systems of cyclonic origin from the
north-west (McCaw et al. 1992, Moir and Newbey 1995).

Associated with rainfall is the average number of raindays, days when there is
more than 0.2 mm of rain. In general, there are more raindays on the coast
than the inland boundary of the Park (Table 2.3). Most of the additional coastal
raindays occur between May and September (Moir and Newbey 1995).
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2.4.4 Wind

Wind is a significant climatic feature in the Fitzgerald River National Park, and
days without wind are uncommon. Wind results in the evaporation of many
small amounts of rain before they reach the root zone in the soil (Moir and
Newbey 1995).

During summer, the Park experiences a sea breeze on most days. The breeze
arrives at the coast in the late morning, and at the inland boundary by late
afternoon (Moir and Newbey 1995).

Northerly and north-westerly winds associated with the development of prefrontal low pressure troughs have a marked influence on fire weather in the
Park. During the summer months, the onset of a hot, dry northerly airflow
frequently results in severe fire weather conditions (Moore et al. 1991).

2.5

Vegetation and flora

2.5.1 Vegetation

The Fitzgerald River National Park is within the Eyre Botanical District of the
South West Botanical Province (Beard 1984). The Park boasts a high species
richness of 0.47 spp. km-2, compared to 0.02 spp. km-2 for the South West
Botanical Province overall (Aplin and Newbey 1990). Its vegetation is closely
linked to landform and soil factors (Chapman and Newbey 1995), ranging from
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woodland on the richer soils through to mallee and mallee heath on poorer soils
(Bradby 1989).

There have been five major and two minor landforms identified within the Park,
each characterised by its geology, soil type, vegetation and topography. Listed
in order from inland to coast, the land formations are Upland and Greenstone
(31 % area), Marine Plain (44 % area), Spongolite Gorge (10 % area), Barren
Ranges (10 % area), Coastal Dunes and Inlets. The Park also contains Rivers
(all saline), Swamps and Lakes (Moir and Newbey 1995).

2.5.2 Flora

Well over 1700 plant species have been identified from the Fitzgerald River
National Park so far. Of these, at least 75 species are endemic to the area and
around 250 species are rare or geographically restricted. Although endemics
occur throughout the Park, they are concentrated in the Barren Ranges (Moore
et al. 1991). The Park represents only 0.2 % of Western Australia’s land
surface, but more than 20 % of the State’s plant species occur within the Park
(Bradby 1989). The families Myrtaceae and Proteaceae have the highest
number of recorded taxa in the Park (Aplin and Newbey 1990).

2.6

Fauna

The Fitzgerald River National Park has more species of vertebrate fauna than
any other conservation reserve in south-western Australia. The Park supports
at least 22 species of native mammals (seven declared rare), 184 species of
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bird (three declared rare and two declared in need of special protection), 41
species of reptile (one declared in need of special protection), 12 species of frog
and four species of inland fish (Moore et al. 1991). Such diversity constitutes a
relatively complete mammal fauna when compared to other conservation
reserves in south-western Australia, but some of these vertebrates are under
threat, and five species are gazetted as rare and endangered (Thomas 1989,
Chapman 1995a). Most of the species of rare fauna, including the dibbler and
the ground parrot Pezoporus wallicus, are concentrated in the northern uplands,
in areas unburnt for more than 15 years (McCaw et al. 1992). Although only
some 20 to 30 % of the Park, the northern uplands contain many of the rarest
species.

The Park also supports the introduced red fox Vulpes vulpes, feral cat Felis
catus and the European rabbit Oryctolagus cuniculus, albeit at low densities
(Moore et al. 1991). The fox is present throughout the Park, but its abundance
is difficult to assess. It is thought that foxes are more abundant on the farms
surrounding the Park, than within the Park itself (Chapman 1995a). Whilst cats
and rabbits are present throughout the Park, they too appear to occur in low
numbers. Nonetheless, Chapman (1995a) felt that the two primary agencies of
decline for native species at risk of extinction in the Park were predation by
foxes and cats, and inappropriate fire regimes. Broad-scale fox baiting has
been part of the Park’s management since 1997, with aerial and roadside
baiting currently occurring throughout the Park four times a year (P. Collins,
personal communication). At present, there is no broad-scale cat baiting in the
Park, but individual cats have been trapped (P. Wilkins, personal
communication).
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2.7

Fire history

Fires are usually ignited by lightning or by human agency, either on purpose or
by accident, and can be planned or unplanned. The wildfires and the use of fire
by humans in the Fitzgerald River National Park can be separated into four
broad time periods as defined by Hassell (2001). These are the Aboriginal
Period (prior to 1850), Pastoral Period (1850 to 1950), Farming Period (1950 to
1973) and the National Park Period (from 1973 onwards).

2.7.1 Aboriginal Period (prior to 1850)

The burning practices of the aboriginal inhabitants of the Albany and Esperance
areas apparently did not extend to the Park, although there is a dearth of
information on Aboriginal burning practices in the Fitzgerald area (Moore et al.
1991). Given the lack of available freshwater in the Park, except immediately
after rain, it is unlikely that there were resident Aborigines in the interior of the
area (Hassell 2001). Based on historical accounts from the journals of early
explorers it has been concluded that nearly all of the region’s vegetation would
not have been burnt at intervals of less than 25 years (Bradby 1989). Despite
this general absence of aboriginal burning, the area would still have been
subject to fire from lightning strikes.

2.7.2 Pastoral Period (1850 to 1950)

There is very little detailed information available about fires in the Park during
this period. On the margins, in areas used by Aborigines and pastoralists, the
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pre-European fire regime probably prevailed until about 1880. After this, the
situation changed and by the early 1900s aboriginal burning had decreased.
This influence was replaced by burning by pastoralists attempting to maintain
the grasslands for sheep feed (Hassell 2001).

After arriving at Bremer Bay in the 1860s, the Wellsteads gradually extended
their pastoral runs to Marningerup and Quaalup on the Gairdner River, as well
as the ‘lambing station’ on the lower Fitzgerald River where any grasses not
consumed by sheep were probably burnt annually (Hassell 2001). The Hassell
family used the grassy areas along the Gairdner River after 1900 when flocks of
sheep were brought in for the annual shearing (Hassell 1972). Much of this
area is now in the western section of the Park. Areas along the Gairdner River
used by sheep were burnt as often as was practicable, probably about every
three to five years. The ensuing shrublands were consequently low and open
(Hassell 2001). Most fires burnt only small patches resulting in a mosaic of
vegetation at different stages. Despite this, the area used by pastoralists was a
very small proportion of the Park, and mostly on the margins, so that their
impact from 1850 to 1950 was minimal.

2.7.3 Farming Period (1950 to 1973)

During this period, there were several fires in the Barren Ranges ignited by
lightning, but these fires were generally small and confined to gullies and flanks
on the western sides of the Ranges (Moore et al. 1991). Escapes from fires lit
for agricultural clearing burnt substantial areas of the northern uplands between
1954 and 1969 (Moore et al. 1991, McCaw et al. 1992), leaving only a number
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of very small patches unburnt. It was probably during this period that the
greatest increase in fire frequency was experienced (Hassell 2001).

2.7.4 National Park Period (from 1973 onwards)

Between 1969 and December 1989 most fires in the Park started from lightning
strikes and burnt areas of less than 2000 ha, apart from a 17,000 ha fire in the
central coastal section of the Park during the summer of 1985 (McCaw et al.
1992).

Between 15 and 28 December 1989, a total of 123,000 ha, or some 37 % of the
Park, was burnt as a result of wildfires started by several lightning strikes and
associated suppression operations (McCaw et al. 1992). The December 1989
wildfires were the worst to have occurred in the Park since written records were
maintained (Moore et al. 1991). Despite the extent of these fires, at least one
third of the Park still contains vegetation unburnt for at least 20 years. This
includes much of the northern uplands that support most of the known
populations of rare fauna (ibid).

2.8

Management

The Fitzgerald River National Park is vested in the National Parks and Nature
Conservation Authority and managed by the Department of Conservation and
Land Management; both are Western Australian state government agencies.
There are presently four management zones within the Park - Wilderness,
Natural Environment, Special Conservation and Recreation (Figure 2.3).
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The principal management goal is to conserve all of the flora and fauna,
particularly the rare species and those in need of special protection (Moore et
al. 1991). At present, three permanent rangers are stationed in three widely
separated locations in the Park at East Mt Barren (east), Quaalup (west) and at
Jacup (central; headquarters).

Although the Park remains in a largely natural state, it is now surrounded to the
north and west, and partially to the east, by cleared agricultural land. In
addition, a small number of privately owned properties exist within an enclave
located near Quaalup, in the south-western corner of the Park. Most of these
properties still bear extensive natural vegetation. The close proximity of
agricultural and other privately owned land has ongoing implications for the
management of the Park.

2.9

Fire policy

The first official fire plan for the Fitzgerald River National Park was prepared in
1976 and accepted, after adjustments, by the Bush Fires Board in 1983. In this
plan, priority was given to the establishment of dual firebreaks, 300 m apart,
around the Park boundary to establish a narrow buffer strip (100 to 200 m wide)
in which fuel accumulation would be reduced by rotational burning. However, in
the more discontinuous fuel types it proved difficult to undertake prescribed
burning satisfactorily within the confines of these narrow buffer strips unless the
structure of the vegetation was first modified by scrub-rolling (Bradby 1989).
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The existing fire management plan was abandoned after a wildfire early in
1985, which at that time was the largest fire recorded in the Park since its
gazettal. A new plan, adopted later that year, continued the policy of
maintaining perimeter firebreaks and attacking fires using fire-fighting personnel
and equipment (Bradby 1989). In 1988 and 1989 most of the perimeter buffer
on the western and northern boundary of the Park was scrub-rolled and
subsequently burnt (McCaw et al. 1992). In spite of this, some 37 % of the Park
was burnt by wildfires late in 1989.

According to the most recent Management Plan (1991 to 2001), the main aim of
fire management is to protect community assets and environmental values from
damage or destruction by wildfire. Should fire threaten these values, responses
are determined in the following order; protection of human life, then protection
of community assets, property and special values, then cost of suppression in
relation to the values threatened. (McCaw et al. 1992). Nonetheless, the
extensive wildfires of December 1989 showed that the proposed policy for fire
protection outlined in the Draft Management Plan for 1991 to 2001 would not
have greatly changed the end result (Moore et al.1991).

The policy for fire management in the Management Plan aims to provide a
network of areas subject to prescription burns in order to reduce the likelihood
of remaining tracts of mature vegetation being burnt at the one time. Some
areas will remain long unburnt, as reference areas with which burnt areas can
be compared. The four categories used in fire management are fuel-reduced
buffers up to 400 m wide, prescribed burning within management cells (most
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often in late spring and autumn), no planned burn, and vegetation/habitat
management (see Moore et al. 1991 for further details).
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Table 2.1 Mean daily maximum and minimum temperature (oC) at weather stations near the Fitzgerald River National Park.
Data from the Bureau of Meteorology, Perth.

Station
Albany

Number of
years of data
Location
collection

Jan

Feb

Mar

Apr May Jun

Jul

Aug Sep

Oct

Nov Dec

Mean
annual
total

Mean
highest

Mean
lowest

coastal

83

23
15

23
15

22
15

21
13

19
11

17
9

16
8

16
8

17
9

18
10

20
12

22
14

20
12

21
13

17
10

Hopetoun North coastal

5

26
15

25
15

25
14

23
13

22
11

20
9

18
8

19
8

21
9

21
10

23
12

24
14

22
11

22
12

22
11

Ravensthorpe

inland

27

29
14

28
14

27
14

24
12

20
10

17
8

16
7

17
7

20
8

22
9

25
11

27
13

23
11

24
11

21
10

Jacup

inland

5

28
13

27
13

25
12

23
11

20
9

17
7

16
5

16
6

19
6

21
7

25
9

25
12

22
9

22
10

21
9

Ongerup

inland

29

29
14

28
14

26
13

23
11

19
9

16
7

15
6

16
6

18
7

21
8

24
10

27
12

22
10

23
11

20
8

Table 2.3 Mean monthly and annual number of raindays at weather stations near the Fitzgerald River National Park. Data
from the Bureau of Meteorology, Perth. A rainday is defined as a day during which 0.2 mm or more of rain is recorded.

Station

Number of
years of data
Location
collection

Jan

Feb Mar

Apr May Jun

Jul

Aug Sep

Oct Nov Dec

Mean
annual
total

Highest Lowest
total
total

Albany

coastal

60

5

5

7

9

13

14

15

14

12

11

7

5

119

160

89

Bremer Bay

coastal

85

8

8

11

14

18

20

22

21

18

16

12

9

178

226

143

Hopetoun

coastal

69

3

4

5

7

11

13

14

14

11

9

6

4

103

175

50

Jerramungup

inland

16

3

4

6

6

8

12

13

12

10

7

5

4

83

135

56

Ravensthorpe inland

90

5

6

8

8

11

12

13

13

11

10

7

6

110

156

78

Jacup

inland

7

6

6

9

11

12

14

18

19

16

12

8

7

137

147

121

Ongerup

inland

79

4

5

7

8

11

12

13

12

11

10

7

5

106

166

54

Table 2.1 Mean daily maximum and minimum temperature (oC) at weather stations near the Fitzgerald River National Park.
Data from the Bureau of Meteorology, Perth.

Station
Albany

Number of
years of data
Location
collection

Jan

Feb

Mar

Apr May Jun

Jul

Aug Sep

Oct

Nov Dec

Mean
annual
total

Mean
highest

Mean
lowest

coastal

83

23
15

23
15

22
15

21
13

19
11

17
9

16
8

16
8

17
9

18
10

20
12

22
14

20
12

21
13

17
10

Hopetoun North coastal

5

26
15

25
15

25
14

23
13

22
11

20
9

18
8

19
8

21
9

21
10

23
12

24
14

22
11

22
12

22
11

Ravensthorpe

inland

27

29
14

28
14

27
14

24
12

20
10

17
8

16
7

17
7

20
8

22
9

25
11

27
13

23
11

24
11

21
10

Jacup

inland

5

28
13

27
13

25
12

23
11

20
9

17
7

16
5

16
6

19
6

21
7

25
9

25
12

22
9

22
10

21
9

Ongerup

inland

29

29
14

28
14

26
13

23
11

19
9

16
7

15
6

16
6

18
7

21
8

24
10

27
12

22
10

23
11

20
8
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Figure 2.1 Location of the Fitzgerald River National Park, Western Australia.
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Figure 2.2 Annual rainfall (mm) at the western end of the Fitzgerald River
National Park. The solid horizontal line indicates the long-term average rainfall
for the area (533 mm) between 1981 and 2002.

17

Figure 2.3 Management zones within the Fitzgerald River National Park, as detailed in the Fitzgerald River National Park
Management Plan 1991 to 2001 (Moore et al. 1991).

Chapter 3. The study areas and small mammals studied

3.1

Location

The study sites were located at the western end of the Fitzgerald River National
Park, most off Gairdner Road (Figure 3.1). They formed an axis from northwest to south-east with trapping grids at four locations. Distances between the
trapping areas are shown in Figure 3.1, and ranged from 150 m to 6.5 km.

3.2

Vegetation

The eight trapping grids were established within heathland/shrubland,
dominated by species from the families Proteaceae and Myrtaceae. The
maturity, density, and structural complexity of the vegetation varied between the
grids in relation to species composition, the age of the vegetation, and time
since it was last burnt. In the 40 cm below the surface, most grids had a
substrate of sandy loam (Table 3.1).

3.3

Fire history

The trapping grids were established within four areas with different fire histories,
as summarised in Table 3.2. Area 1 (Grids 1a and 1b) was last burnt > 60
years ago (Figure 3.2). Long-term residents of the area confirm that this area
has had no fires in living memory, and the vegetation in this area appears to
have changed little over the 19 years of the study (R. Wooller, personal
communication). This is supported by the maturity of the vegetation and the
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senescence of some of the plants in the grids. A similar fire history was arrived
at based on aerial photographs of the area (Moore et al. 1991).

Area 2 (Grid 2) was last burnt in a prescribed management burn in March 1980
(Figure 3.3). The 1980 fire was a low intensity (“cool”) burn of a strip of
vegetation between two firebreaks some 200 to 300 m apart, with long unburnt
vegetation remaining unburnt on both sides throughout the study. There was
no indication of fire before 1980 in the immediate area (Saffer 1998) and prior to
this fire Area 2 appears to have been unburnt for at least 37 years (Moore et al.
1991).

Area 3 (Grids 3a, 3b and 3c) was last burnt in December 1989 following a
series of lightning strikes over a two-week period (Figure 3.4). Some 37 % of
the Park was burnt in these high intensity (“hot”) wildfires, the largest on record
for the Park (McCaw et al. 1992). Prior to the 1989 fires, it was estimated that
the area had been unburnt for at least 32 years (Moore et al. 1991).

Area 4 (Grids 4a and 4b) was last burnt in May 1998 (Figure 3.4). The fire
started as a prescribed management burn for fuel reduction, but became more
widespread than expected. The intensity of the fire was variable as it travelled
some 8 to 10 km along a front from a few hundred metres to 1 to 2 km wide.
Prior to this fire, Area 4 was estimated to have been unburnt for at least 51
years (Moore et al. 1991).
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3.4

Grid layout

Overall, eight permanent trapping grids, each with 100 pitfall traps were
established in the four study areas. Square trapping grids (10 x 10 traps) were
used to minimise edge effects (Sutherland 1996). Each trap was constructed
from a section of PVC drainage pipe 40 cm deep and 15 cm in diameter and a
sheet of fine mesh at the base of each trap facilitated drainage while preventing
trapped animals from digging. Traps were sunk vertically into the ground so
that the rim of the trap was flush with the surface of the ground. All traps were
placed 5 m apart, as this is a typical distance used for the successful capture of
small mammals (ibid) and had been found optimal in earlier studies of the
honey possum (Wooller et al. 1981). The effective trapping area of each 45 x
45 m grid was estimated at 2427 m2 (Garavanta 1997). Traps remained in-situ
throughout the study and were firmly closed with lids when not in use. Narrow
tracks (< 45 cm wide) along each line of traps were maintained at ground level
to minimise trampling of vegetation when monitoring the pitfall traps; most
movement around grids used these tracks. Care was taken to minimise the
introduction of plant disease, such as Phytophthora spp. (dieback) and none
was noted in or near grids during the study.

3.5

Honey possum

The only member of the family Tarsipedidae, the honey possum is a tiny
(7 - 12 g), highly specialised marsupial, of uncertain phylogenetic affinities,
endemic to south-western Australia. Despite the range of the honey possum
having contracted markedly (by 10 - 50 %) since the arrival of Europeans
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(Maxwell et al. 1996), it is still locally abundant at some locations throughout its
range. Indeed, the honey possum is the most abundant and widespread
mammal in the Fitzgerald River National Park (Chapman 1995a). Its presence
and abundance appear linked to the availability of proteaceous and myrtaceous
plants that provide it with both food and shelter (Wooller et al. 1984).

3.5.1 General biology

Sexually dimorphic, some adult females are much larger than their male
conspecifics. Breeding is non-seasonal and the mating system is promiscuous,
with single litters being fathered by up to four males (Bryant et al. 2003).
Embryonic diapause has also been recorded in this species (Renfree 1980).

Females have a well-developed pouch with four teats enclosed. Females tend
to reach sexual maturity at about six months of age after which time they may
breed and give birth to up to four (average 3.6) tiny young, each weighing less
than 5 mg (Wooller et al. 2000). This makes them the smallest of all
mammalian young at birth. Following brood reduction, usually only 2 - 3
(average 2.4) young survive to weaning (Wooller and Richardson 1992). Young
are carried in the pouch for around two months until they are well-developed,
fully furred and their eyes are open. At approximately 2.5 g in body mass they
leave the pouch, but may continue to suckle for another month before they
become fully independent (Russell and Renfree 1989).
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Adult males have large testes enclosed in a scrotum which average 4.2 % of
their total body mass, the largest relative value for any mammal. They also
have the longest sperm (360 µm) of any mammal (Cummins et al. 1986).

Generally crepuscular and nocturnal in their activity, honey possums have been
observed foraging during the day, but this is uncommon and largely restricted to
overcast weather (Arrese et al. 2002). Honey possums appear to feed solitarily,
and whilst several individuals may feed on the same plant, and indeed the same
inflorescence, during an evening, they do so at different times, so that the home
ranges of different adults often overlap. They do not appear to defend food
resources, lack armament and ornament, but may display some form of
competition (Garavanta 1997). In captivity, larger adult females were always
dominant to other captive honey possums (Russell 1986). Although quite
sedentary, the home ranges of males (1277 m2) are larger, on average, than
females (701 m2), in long unburnt vegetation (Garavanta 1997).

3.5.2 Dietary specialisation

The honey possum is the only Australian terrestrial vertebrate to subsist entirely
upon nectar and pollen (Wooller et al. 1999). It feeds predominantly on the
flowers of plants in the families Proteaceae and Myrtaceae, in particular,
Banksia, Dryandra and Calothamnus spp (Saffer 1998). This tiny mammal
displays a suite of morphological specialisations that support the harvest and
consumption of both nectar and pollen (Richardson et al. 1986). These include
a long pointed snout and protrusible brush-tipped tongue, reduced dentition,
specialised hard palate and alimentary tract, small body size, grasping hands
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and feet with opposable big toe, and a semi-prehensile tail (ibid). Such
specialisations suggest a strong co-evolutionary relationship with the nectarand pollen-rich plants upon which it feeds (Wooller et al. 1984).

3.5.3 Habit

Best described as scansorial, the honey possum spends time on the ground as
well as in the shrub layer. Observations in the wild indicate that the honey
possum is as comfortable and efficient travelling along the ground as it is along
branches. The main forms of movement are running and climbing (Russell and
Renfree 1989). Although spool-and-line tracking found that about 75 % of trails
were along runways on the ground (Garavanta 1997), in common with other
workers, I observed them feeding on flowers, such as Lambertia inermis, some
2 m above the ground. However, most of their preferred foodplants are less
than 2 m in height, even in mature vegetation. They are also readily trapped in
pitfall traps, which confirms that much of their activity involves travel along the
ground.

3.6

Small mammals other than honey possums

Over the 19 years of this study, five native and one introduced species of small
mammals were recorded in the trapping grids. These were the grey-bellied
dunnart Sminthopsis griseoventer, the ash-grey mouse Pseudomys
albocinereus, the southern bush rat Rattus fuscipes fuscipes, the western
pygmy-possum Cercartetus concinnus and the introduced house mouse Mus
musculus domesticus. However, captures of the western pygmy-possum were
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so few that this species was excluded from any analyses and is therefore not
described below.

3.6.1 Grey-bellied dunnart

The grey-bellied dunnart is one of a complex of related species that occur within
the south-western corner of Western Australia. It has a predominantly coastal
distribution and is endemic to the coastal plain and lateritic ranges from Mount
Peron to Point Dempster, and Boullanger Island in Jurien Bay (Dickman 1998).
The grey-bellied dunnart is widespread and abundant in the Fitzgerald River
National Park (Chapman 1995a). It occurs in a wide range of habitats within
this distribution, including open woodland of banksias and eucalypts, as well as
seasonal swampland. However, the densest populations occur in coastal heath
on sandy soils (Dickman 1998), where they nest rather than burrow (see Table
3.3).

Both males and females are sexually mature at about one year of age.
Breeding occurs in winter and spring, and females can carry litters of up to 8
young. Pouch life lasts 4 - 5 weeks, thereafter young are kept in a leaf-lined
nest until they are independent, some 2 - 3 months after birth (Dickman 1998).

3.6.2 Ash-grey mouse

The ash-grey mouse is endemic to low heath and shrubland vegetation on
sandy soils in the south-west of Western Australia. Its range extends from
Shark Bay in the north, south-eastwards to Israelite Bay. It is also known to
43

occur on at least three off-shore islands, namely Bernier and Dorre Islands in
Shark Bay, and Woody Island in the Recherche Archipelago (Watts and Aslin
1981, Morris 1998). In the Fitzgerald River National Park, it is the most
widespread and abundant of the three species of Pseudomys recorded there.
The other two species, the western mouse Pseudomys occidentalis and the
heath rat P. shortridgei, are rare and have much more limited distributions
(Chapman 1995a).

Breeding generally occurs in spring, with an average litter size of 2 - 6 young
(Morris 1998). Although little has been recorded about the mainland
populations of the ash-grey mouse, data from the island populations have
recorded many important life-history traits (see Table 3.3).

3.6.3 Southern bush rat

The southern bush rat (hereafter referred to as a bush rat) has a predominantly
coastal distribution with minor incursions into wet sclerophyll forest (Chapman
1995a). It is widespread, but not abundant, in the Fitzgerald River National
Park where it has a preference for shrubland on coastal dunes and marine plain
(ibid). Although it is one of four recognised subspecies found in Australia, its
distribution is discontinuous and does not overlap with any of the other
subspecies (Watts and Aslin 1981).

Population densities tend to be low overall, but are highest in summer and
autumn when young are weaned, and lowest in winter (Watts and Aslin 1981).
Most births occur in late spring and summer, and litter size ranges from 1 - 7
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(average 5). Young weigh about 5 g at birth, are well furred at 14 days, and at
30 days they weigh between 25 and 30 g. In the wild, sexual maturity is
reached at around three months of age (ibid). Males tend to have larger home
ranges than females, but home ranges overlap, so that the bush rat is not
considered a strictly territorial species (ibid). The bush rat was the largest of the
small mammal species captured in the present study (see Table 3.3).

3.6.4 House mouse

The house mouse is an exotic species that now occurs throughout much of
Australia, indeed the world (Chapman 1995a). Although relatively uncommon in
the Fitzgerald River National Park (ibid) it can appear rapidly and in reasonable
numbers following disturbance (Attiwill and Wilson 2003).

In favourable habitats, females can have up to 11 litters per year, with an
average litter size of 4 - 6 young. With a rapid growth rate, young house mice
can be sexually mature themselves at around 55 days old (Watts and Aslin
1981). Other life-history traits of the house mouse are presented in Table 3.3.

These other small mammals were captured incidentally at the honey possum
trapping grids, and will be discussed further in Chapters 6 and 7. Meanwhile,
the focus will revert to a long-term mark-recapture study of the honey possum.
This will be discussed in the next chapter.
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Table 3.1 The percentages of 40 cm deep holes dug for pitfall traps
that contained sand, laterite or limestone, separately or in combination.
Each grid contained 100 pitfall traps used for the mark-recapture study
of honey possums.

Percentage holes with
Grid

sand

sand and
laterite

laterite

laterite and sand and
limestone limestone

1a

100

1b

93

2

100

3a

100

3b

24

24

43

8

1

3c

15

14

22

28

21

4a

100

4b

100

7

Fitzgerald River National Park

N

Area 2

Area 1

0

1

Area 3
km

Area 4

31

Table 3.2 The fire histories of the trapping grids at September 2002.

Fire History
Trapping
grid

Year grid
established
Last known fire

Season

Fire type

Estimated interval
between the last
known fire and the
fire that preceded it

1a
1b

1984
1984

> 60 years ago
> 60 years ago

2

1984

March 1980

Autumn

Prescribed burn

> 37 years

3a
3b
3c

1984
1991
1992

December 1989
December 1989
December 1989

Summer
Summer
Summer

Wildfire
Wildfire
Wildfire

> 32 years
> 32 years
> 32 years

4a
4b

1991
1991

May 1998
May 1998

Autumn
Autumn

Prescribed burn
Prescribed burn

> 51 years
> 51 years

Table 3.3 Life-history traits of the small mammals captured in the Fitzgerald River National Park in Western Australia.
All of the species, except the house mouse, are native to the area.
Species

Adult size

Diet

Habit

Activity

Sleeping site

Lifespan

Reproduction

Honey
possum

7 - 12 g

nectarivore

scansorial

nocturnal and
crepuscular

pre-existing
structure (e.g.
old bird nest);
no nest made

up to
two years

aseasonal

Grey-bellied
dunnart

14 - 24 g

insectivore/carnivore

terrestrial

nocturnal

nest
(e.g. hollow log,
grass clump,
Xanthorrhoea)

up to
two and a
half years

seasonal

Ash-grey
mouse

14 - 40 g

omnivore

terrestrial

nocturnal

burrow

one year

seasonal

Southern
bush rat

40 - 225 g

omnivore

terrestrial

nocturnal

burrow or
hollow log

up to
two years

seasonal

House
mouse

8 - 25 g

omnivore

terrestrial

nocturnal; also
opportunistic

burrow

up to
three years

seasonal; also
opportunistic

Data from Arresse and Runham (2002), Dickman (1998), Lunney (1998), Morris (1998), Singleton (1998), Watts and Aslin (1981), and Wooller et al. (2000).

Figure 3.1 Location of trapping areas at the western end of the Fitzgerald River
National Park. Top figure shows location of trapping areas relative to the Park
and bottom figure shows trapping areas relative to each other. Solid line at left
of bottom figure indicates the Park boundary and broken lines indicate gravel
tracks. Contours and seasonal soaks are also indicated on the bottom figure.
Approximate distances (m) between trapping grids listed below.

Distance
1a
1b
2
3a
3b
3c
4a
4b

1a

1b
350

350
3000
3500
3500
3500
3500
3500

3000
3500
3500
3500
3500
3500

2

3a

3b

3c

4a

4b

3000 3500 3500 3500 3500 3500
3000 3500 3500 3500 3500 3500
6500 6500 6500 6500 6500
125 250 175 150
6500
125 300 275
6500 125
425 400
6500 250 125
100
6500 175 300 425
6500 150 275 400 100

30

BURNT DECEMBER 1989

1a
1b

LONG UNBURNT

Figure 3.2 Aerial photograph of that area of the Fitzgerald River National Park
where Grids 1a and 1b were located, off a rehabilitated track that was formerly
part of Gairdner Road. The lower part of the figure shows vegetation unburnt
for > 60 years and the upper area of the figure shows vegetation that was last
burnt in the December 1989 fires. The photograph was taken in January 1999.
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BURNT MAY 1998

2

BURNT MARCH 1980

LONG UNBURNT

Figure 3.3 Aerial photograph of the western end of the Fitzgerald River
National Park, adjacent to farmland (top left). Shown is the location of Grid 2,
last burnt in March 1980. The trapping grid lay between two parallel firebreaks
which formed the western boundary of the Park. Only the vegetation between
these firebreaks was burnt in the 1980 fire; surrounding vegetation remained
long unburnt. At the right side of the figure is vegetation burnt in the 1998 fire.
The photograph was taken in January 1999.
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LONG
UNBURNT
BURNT DECEMBER 1989

4b
4a

3a

3b 3c

BURNT MAY 1998

Figure 3.4 Aerial photograph of an area of the Fitzgerald River National Park
showing the location of Grids 3a, 3b and 3c, all last burnt in December 1989, as
well as Grids 4a and 4b, both last burnt in May 1998. At top and bottom left of
the figure is vegetation unburnt for > 60 years. Photograph taken in December
1998.
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Chapter 4. Mark-recapture study of the honey possum

4.1

Introduction

Honey possums are tiny mammals that live within the dense heathland
vegetation of the Fitzgerald River National Park. Despite being the most
abundant and widespread mammal in the Park (Chapman 1995a), they are
extremely difficult to observe without being trapped, due to their elusive habits,
nocturnal activity, small size, and the dense vegetation that they inhabit. Most
sightings of the species in the wild are fleeting, and direct census is not
possible.

In order to develop some measure of the density of honey possums in an area,
and their patterns of movement, a trapping method had to be employed.
Furthermore, the trapping method selected needed to be standard between
trapping areas, and over time, so that spatial and temporal comparisons could
be made. To enable comparisons of honey possum capture rates, before and
after fire, as well as in areas long unburnt, a mark-recapture study was
conducted over 19 years. Such a study also allows the structure (i.e. age and
gender profiles) of the population to be assessed, as each different individual
caught within a trapping session can be identified and multiple captures of the
same individual do not obscure the findings. In addition, it provides some
measure of the rate of turnover (i.e. the loss rate of individuals between trapping
sessions) in the population.
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The mark-recapture study was conducted using grids of 100 pitfall traps. Pitfall
traps were used as honey possums are never trapped in conventional box traps
(Saffer 1998, R. Wooller personal communication), whereas they are readily
captured in pitfall traps into which they fall as they travel along the ground; once
trapped they are unable to escape. Indeed, pitfall trapping is a widely used
method for sampling many small terrestrial vertebrates (Moseby and Read
2001). Pitfall trapping has several advantages over other trapping methods;
these include leaving the traps ‘in-situ’ between trapping sessions (traps
covered securely with lids when not in use) and not having to bait the traps. All
trapping methods have inherent bias, with both advantages and disadvantages.
Nonetheless, the comparisons made based on the mark-recapture study using
pitfall traps appeared meaningful, as a standard grid configuration was used
throughout the study.

4.2

Methods

4.2.1 Trapping effort

Honey possums were captured in grids of pitfall traps located at the western
end of the Fitzgerald River National Park. In total, there were eight grids each
with 100 pitfall traps. These grids were established at different times between
1984 and 1992 (Table 4.1). Although trapping effort was not consistent
between grids or years, in general there were one or more trapping sessions
per grid, per season, resulting in four or more trapping sessions per grid in each
year (Table 4.2). The primary exceptions were the years 1988, 1997, 1998 and
1999, reflecting a lack of personnel to complete fieldwork in those years.
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Overall, there were 487 trapping sessions, resulting in 146,100 trap-nights, over
a period of 19 years (Table 4.1).

My personal contribution to the trapping data reported in this thesis ran from
March 2000 to September 2002, although some others collected data from a
few sessions during this time. Data prior to March 2000 were collected by a
series of other researchers, all from Murdoch University, but these data have
not previously been analysed in this manner.

4.2.2 Field protocol

On arrival at the Park, in the afternoon, pitfall traps in one or more grids were
opened. The number of grids opened on each night of a trapping session
depended on the number of personnel available to open and check traps,
animal welfare considerations, such as the forecast weather and anticipated
captures, and arrival time at the Park. To minimise disturbance to honey
possums, which are largely crepuscular and nocturnal, all work on the trapping
grids ceased before 16:30 h. All traps open were checked soon after daylight
on each of the following three mornings. All traps were closed securely with lids
after the third morning of trapping.

As each trap was checked, any animal captured was placed in a separate,
clean calico bag and labelled with the grid and trap number. Once bagged,
honey possums were kept on cool ice-bricks to minimise possible heat-stress
before processing and subsequent release. Once all grids opened had been
cleared of captured animals, individuals not previously caught during that
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session, or in that grid, were measured and marked. In general, recaptures
within a trapping session were weighed and measured, but not re-marked.
Each animal caught was weighed to ± 0.1 g on an electronic top-pan balance.
Next, a sample of pollen was collected from the head of each animal (see
Section 5.2 for sampling procedure). Head-length was then measured from
the back of the head to the tip of the snout to ± 0.1 mm using vernier callipers.
The pouch of each female was carefully examined by gently opening the pouch
using blunt forceps. The number and approximate size of any young present
were then recorded. Juvenile females, and some adult females, all with tight
pouches, did not have their pouches examined.

Each animal was then marked with a unique, identifiable ear notch requiring
one or more small notches along the margins of one, or both, ears. A 1 mm
diameter ear punch, the smallest available, was used. The binary marking
system used provided over 200 different ear notch combinations (Figure 4.1).
Combinations requiring more than three holes in each ear were rarely used
because of their potentially adverse impact upon an animal’s welfare.
Whenever possible, all animals were marked individually so that recaptured
animals could be traced to their original point of capture, as well as providing a
record of movements between and within trapping sessions and/or grids.
Recaptured individuals were not re-marked, except occasionally to change the
ear notch combination or to enlarge notches, which tended to become shallow
when individuals marked as juveniles grew to adult size.

Occasionally, due to ethical considerations, small juvenile animals, or adults,
were “date-marked”, using a single notch unique to that session. Due to the
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distance of Areas 1 and 2 from Areas 3 and 4, it was felt that the same notch
combinations could be repeated between these two widely separated areas.
In addition, within these two areas, males and females could be marked with the
same notch combinations, thereby doubling the available ear notch
combinations. Despite these considerations, it still became necessary to reuse
ear notch combinations during the course of the study due to the large number
of animals marked. In such cases, every effort was made to reuse only
combinations from individuals first marked more than 12 months earlier and not
recaptured for several sessions.

Immediately following the processing of the day’s captures, each animal was
released within 1 m of the trap in which it was captured. Animals that did not
run away when released, most often because they were asleep, were placed in
a safe site under vegetation in an effort to protect them from the weather.

4.3

Application of correction factors

4.3.1 Corrections for small differences in trapping effort

Almost all trapping sessions were carried out over three consecutive nights
using a grid of 100 pitfall traps (i.e. 300 trap-nights per session), but
occasionally there were minor variations to this protocol. In order to establish a
basis for comparisons, these were corrected as follows.

At each grid, the total number of all captures (i.e. including recaptures within a
session) over each three consecutive night trapping session was closely related
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to the number of different, uniquely marked individuals captured during that time
(Pearson product moment correlation coefficients ranged from r = +0.966 to
r = +0.987). The regression equations generated to describe these
relationships were used to estimate the number of different individuals captured
on those occasions when animals were not marked individually (< 5 % of all
sessions).

Similarly, at each grid, the numbers of different individuals caught over the first
two nights of a three-night trapping session were closely related to the threenight total at all grids (Pearson product moment correlation coefficients ranged
from r = +0.943 to r = +0.991). It was therefore possible to estimate the threenight totals from two-night totals on those occasions when trapping sessions
lasted for only two, rather than three, consecutive nights (< 9 % of all sessions).

Occasionally, one or more holes in a trapping grid were left closed during a
trapping session, most commonly because of an ant nest nearby. In order to
compensate for this, the number of different individuals captured was increased
pro rata (e.g. by 1 % if one hole left closed in a grid).

These corrections were applied to all data, both data subjected to analysis of
covariance, as well as data shown visually in figures.

4.3.2 Controlling for seasonality in trapping effort

The season (summer, autumn, winter, spring) in which a trapping session was
conducted was one of the factors considered in the analysis of covariance (see
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Section 4.4) and thus, no seasonal correction factor was applied to the data
during the analysis (i.e. Figure 4.3 and Table 4.4). However, in the visual
portrayal of capture rates, some compensation was made for differences
between grids and years in the seasonality of trapping effort (i.e. Figures 4.4 to
4.9 and Tables 4.5 and 4.6). As noted earlier (Section 4.2.1), over the long
period of the study, the availability of personnel to undertake trapping fluctuated
markedly. In some years, all grids were monitored once or more in each
season, whereas in other years no trapping or only a single trapping session
was conducted at a grid. These differences in the seasonality of trapping effort
were thought to be important because earlier work by Garavanta (1997) had
shown higher capture rates in winter than summer or autumn, with spring
capture rates lower still. More recent trapping data, from 1984 to 2002 inclusive
from grids long unburnt, have confirmed the generality of these findings. This
overall consistency provided a basis upon which to control for seasonality in
trapping effort in order to derive an annual index for the rate of capture for a
grid.

Although the present study examined seasonality using the number of different
individuals captured per 300 trap-nights, whereas Garavanta (1997) used total
captures per 1000 trap-nights, the correction factors derived to compensate for
seasonality were very similar. For the present study, summer captures were
multiplied by 0.98 to bring them to the four-season (annual) mean, autumn
values by 1.28, winter values by 0.65 and spring values by 1.48 (Table 4.3).
This process converted seasonal capture rates to values that could then be
combined to derive annual capture rates irrespective of the seasonality of the
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trapping sessions. These annual values are thus an aseasonal annual index of
the number of different individuals caught and are not true densities.

4.3.3 Controlling for differences in annual rainfall

One of the major factors believed to influence capture rates of honey possums
is rainfall (Wooller et al. 1998) and this was included as a covariate in the
analysis of covariance. Using the longest series of capture rates of different
individuals at Grids 1a and 1b, both long unburnt and remaining unburnt over
the course of the study, the impact of annual rainfall upon capture rates was
examined. At both grids, the total rainfall during a year was not significantly
related to the seasonally corrected annual capture rate at the grid (r16 = -0.364
and -0.310). However, annual capture rates were significantly related to the
annual rainfall in the preceding year at both Grids 1a (r16 = +0.597, p < 0.01)
and 1b (r16 = +0.633, p < 0.01) over 18 years. Using the shorter series of data
from Grids 4a and 4b for the seven years until these long unburnt grids were
burnt in 1998, similarly close relationships were apparent between annual
rainfall in the preceding year and annual capture rates of different individuals
(r5 = +0.749, p ≈ 0.05 and r5 = +0.773, p < 0.05).

The generality of this relationship between annual rainfall in the preceding year
and capture rates allowed the regression equations generated for each grid to
be used to standardise the capture rates for the number of different individuals
caught during a trapping session, in relation to the long-term average annual
rainfall of 533 mm (Figure 2.2). Accordingly, the annual index of capture for a
grid presented in the results section is a value corrected not only for the
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intensity (see Section 4.3.1) and seasonality (see Section 4.3.2) of trapping
effort, but also for annual differences in rainfall. This was done to prevent such
annual differences obscuring the visual presentation of long-term trends in
capture indices, taken as a measure of population density, in relation to time
since fire.

4.3.4 Consistency between “replicate” grids

Two grids that were monitored represented long unburnt controls (Grids 1a and
1b) and two other grids were monitored both before and after the 1998 fire
(Grids 4a and 4b). Only one grid was in place prior to the 1989 fire (Grid 3a),
but two more were added soon after (Grids 3b and 3c). These “replicates” were
intended to provide some reassurance as to the universality of findings derived
from grids that were close to each other and had a similar fire history.

The relationships between “replicate” grids at a site were compared in terms of
the number of different individuals captured during each three-day trapping
session at a grid, after data had been corrected for the seasonality of trapping,
and for annual rainfall of the preceding year. For the control grids, which had
the longest series of trapping sessions (85 sessions), there was a clear
relationship in capture rates at Grids 1a and 1b (r83 = +0.722, p < 0.001).
However, as Figure 4.2 indicates, Grid 1b consistently averaged only about
74 % of the captures at Grid 1a (y = 0.736 x + 2.187).

Grids 3a, 3b and 3c also recorded capture rates that rose and fell in parallel,
albeit over fewer trapping sessions. However, although strongly related
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(r33 = +0.753, p < 0.001), capture rates in Grid 3b averaged only 73 % of those
in Grid 3a (y = 0.732 x + 2.196). Grid 3c had 52 % more captures, on average,
than Grid 3b (y = 1.518 x – 3.139), but capture rates were strongly related over
the trapping sessions (r29 = +0.920, p < 0.001). Grids 3a and 3c were strongly
correlated (r23 = +0.791, p < 0.001) and, on average, very similar in their rates
of capture (y = 1.006 x – 0.123).

Grid 4b consistently caught about 71 % of the number of individuals at Grid 4a
(y = 0.713 x + 2.189), yet capture rates at these two grids also changed from
session to session in parallel (r40 = +0.907, p < 0.001).

Thus, although all “replicate” grids responded in a similar manner to changes in
environmental factors over time, their capture rates differed consistently, and in
some cases, markedly. Accordingly, all patterns involving changes in capture
rates after fire have been considered separately for each grid, rather than
pooling the data from grids in the same area.

4.4

Statistical analyses

The aim of the analyses was to examine whether there were any significant
differences in the capture rates, the age and gender profiles of the honey
possum population, or their turnover rates, principally in respect to the fire
history of the different trapping grids, although other variables were also
incorporated. An analysis of covariance was performed on the data, both for
the capture data and for the profile data. The measure used for the capture rate
was the number of different individuals caught during a 300-night trapping
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session; this measure is discussed more fully in Section 4.4.1 below. The four
variables selected for inclusion in the analysis of covariance were those thought
to have a possible influence on capture rates and the age and gender profiles of
the population. The four variables comprised two factors, season and grid, with
rainfall and the number of years since the vegetation was last burnt entered as
covariates. The season when trapping occurred was represented by four threemonth periods based on climate (see Section 2.4.1) and grid was the trapping
grid at which the honey possums were caught. The covariates, rainfall and the
years since the vegetation was last burnt, considered the total annual rainfall
during the preceding year and the number of years since the vegetation at the
grid was last burnt. In addition, the interaction between season and grid was
also considered.

It should also be noted that a third covariate, a quadratic term for the number of
years elapsed since the vegetation at the grid was last burnt, was also included.
However, this covariate was only significant for one relationship, that of trapping
grid with the ratio of juvenile males to juvenile females. Accordingly, this
covariate is only presented in association with this relationship (see Table 4.10)
and not elsewhere.

4.4.1 Capture rates of honey possums, before and after fire, and in
areas long unburnt
The capture rates of honey possums were examined in relation to the fire
histories of the different trapping grids, as well as the effects of rainfall, season
and grid. An index of capture rate (hereafter termed CAPINDEX) formed the
dependent variable. The CAPINDEX was defined as the number of different
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individuals (not total captures) captured in 100 pitfall traps (one trapping grid)
during three consecutive nights (i.e. 300 trap-nights per session). Only the
number of different marked individuals caught within a trapping session and grid
were used. Thus, individuals recaptured within a grid during a session were
only included once for each session.

Since the raw CAPINDEX consisted of count data, it tended to generate
heteroscedasticity. The raw CAPINDEX was thus subjected to a log10 (x + 1)
transformation prior to the analysis of covariance. This procedure dealt with the
issue of zero values in the raw CAPINDEX, which occurred in those sessions
when no honey possums were captured. It should also be noted that a
Levene’s test of the CAPINDEX was not significant, indicating that there was no
significant heterogeneity of the variance (see Table 4.4).

In addition to the outcomes of the analysis of covariance, the data have also
been presented in a visual format. In order to allow ready visual comparisons,
the CAPINDEX was corrected both for the season when trapping occurred and
for the total annual rainfall during the preceding year (see Sections 4.3.2 and
4.3.3). The data are presented both by trapping session and also in terms of an
annual CAPINDEX derived for each year during which at least one trapping
session occurred.

4.4.2 Age and gender profiles of honey possum captures

The age and gender profiles of honey possums caught were defined in terms of
five categories (juvenile males, juvenile females, adult females with and without
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pouch young, and adult males). Most honey possums captured during a
trapping session were assigned to one of these five categories based on their
head-length, and in a few cases when a head-length was not measured, by
their body mass. Honey possums were classified as juveniles if their headlengths measured 24 mm or less, or if they weighed 6.5 g or less. Honey
possums in this size-class were sexually immature because females smaller
than this did not carry pouch young (Wooller et al. 2000) and males did not
exhibit spermatogenesis (Rutter 2001). Adult honey possums were individuals
with head-lengths greater than 24 mm, or heavier than 6.5 g. All honey
possums in this size-class were deemed sexually mature. Adult females with
pouch young were those females recorded as carrying pouch young at any
stage of development, from tiny, pink neonates to fully-furred young soon to exit
the pouch. Adult females without pouch young comprised all other adult
females and included both those whose pouch was tight, as well as those
clearly still lactating or recently post-lactational. A small number of individuals
(< 1.6 % overall) could not be assigned to one of the five categories based on
the data recorded in the field; these few animals were excluded from the
subsequent age and gender profile analyses.

Due to the non-normal distribution of the age and gender profile data, an
arcsine transformation was applied to the data within each of the five categories
before an analysis of covariance was performed. It should also be noted that
the Levene’s test for each of the comparisons was significant. Consequently,
the results must be considered with some caution in the light of possible
significant heterogeneity of variance. However, this situation may also reflect
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the relatively small sample sizes, so that the trends observed may nonetheless
be noteworthy.

In addition to the outcomes of the analysis of covariance, in the same manner
as the capture rates, the data have also been presented visually. For this
purpose, the data were pooled into three blocks of time. These ran from
February 1984, the first trapping session, to December 1989, when the first fire
during this study occurred. The second block was from January 1990 to May
1998, when the second fire occurred. The third block was from June 1998 to
September 2002, the final trapping session. These three blocks are variable in
duration and in trapping effort, but they reflect the intervals between the fires
that occurred in some of the trapping grids during the course of the study. The
data are presented by trapping grid and by season, as well as by trapping area
(grids in the same area pooled) and by season, but values calculated from less
than three trapping sessions have not been presented because this was
deemed an inadequate basis upon which to draw comparisons. Most
commonly this happened for the most recent, and shortest time block (June
1998 to September 2002). Furthermore, not all grids were established during
the first block (February 1984 to December 1989) leading to inevitable gaps in
these presentations.

4.4.3 Turnover rates, and recaptures between sessions, of honey
possums
The turnover rate of honey possums between trapping sessions were analysed
to see whether there was any difference in rates between areas in relation to
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their different fire histories. Other variables examined were the season when
trapping occurred, and to a lesser extent, the trapping grid considered.
During most trapping sessions, honey possums were marked with a unique,
identifiable ear notch number (see Section 4.2.2) so that it was possible to
examine the turnover rate of individuals between trapping sessions. For this
purpose, the turnover rate was defined as the percentage of all individuals (N.B.
not all captures) caught during a trapping session that were unmarked. As the
trapping sessions were not conducted at standard intervals, data were only
used from those trapping sessions, within a grid, that were four, or less than
four months apart. In addition, turnover rates were only calculated from threeday (i.e. 300 trap-nights) trapping sessions.

These data were necessarily limited, so that detailed statistical analyses upon
them have not been performed. Instead the data have been presented visually,
with the data pooled into three blocks of time, as used for the portrayal of the
age and gender profiles (see Section 4.4.2). Data are presented for each
trapping grid, by season, and for long unburnt (grids unburnt for > 40 years) and
recently burnt areas (grids burnt < 10 years earlier). All blocks for which data
were available have been presented, but considerable caution must be
exercised in drawing inferences on the basis of less than three trapping
sessions.

Also considered, were the recaptures between trapping sessions of those
honey possums that had been individually marked during a trapping session
between March 2000 and July 2002, and were recaptured during one or more
subsequent trapping sessions. Rarely, individuals were marked at one trapping
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grid, and then captured at a different grid, within the same field-trip; these cases
were excluded from the analysis of recaptures between sessions. Recaptures
between trapping sessions were examined only for those animals recaptured
between May 2000 and September 2002, the final trapping session.

Given the location of the eight trapping grids, distributed over four areas, some
analyses were only completed for some trapping areas. For example, an
analysis of the number of different grids at which an individual was caught was
only completed for Areas 3 and 4, throughout which there were five trapping
grids all less than 0.5 km apart. The relatively close proximity of these grids
was such that movements by honey possums between these grids were
possible. In contrast, the distance between Areas 1 and 2 (about 3 km), and
from these two areas to Areas 3 and 4 (about 3.5 - 6.5 km), were such that
movements between these trapping areas were highly improbable, and the
same opportunity for inter-area recapture did not exist.
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4.5

Results

The results of the mark-recapture study of honey possums in the Fitzgerald
River National Park will be presented under three broad headings. Firstly, the
capture rates (CAPINDEX) of honey possums before and after fire will be
examined, and compared to rates in areas long unburnt (Section 4.5.1). Next,
the age and gender profiles of the honey possums captured, before and after
fire, and in areas long unburnt, will be analysed and compared (Section 4.5.2).
Lastly, the turnover rates of honey possums between trapping sessions, and the
recaptures between sessions will be examined, albeit in less detail than the
previous two sections (Section 4.5.3).

4.5.1 Capture rates of honey possums, before and after fire,
and in areas long unburnt
The results of the analysis of covariance tests indicated that the number of
years since the vegetation was last burnt, the season when trapping was
conducted, the annual rainfall in the preceding year, and the trapping grid
considered, each had a significant effect upon the capture rates of honey
possums. The season by grid interaction was not significant (Table 4.4).
Furthermore, the Levene’s test for this analysis was not significant
(F31,454 = 1.213, p > 0.05) which suggests that the relationships reported were
not obscured by heterogeneity of variance.

The importance of both the season of trapping, and the annual rainfall during
the preceding year, upon capture rates of honey possums has been reported
elsewhere in this thesis (see Sections 4.4.2 and 4.4.3 respectively), as well as
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by other researchers (e.g. Garavanta 1997, Wooller et al. 1998). The
relationship between trapping grid and capture rates was also noted earlier in
the thesis (see Section 4.3.4), where it was reported that “replicate” grids (i.e.
grids in close proximity and with the same fire history) still differed in their
capture rates albeit they followed a similar pattern of change. The analysis of
covariance outcome supports this finding. This relationship was not analysed
further, but will be considered in the discussion.

A plot of the years since the vegetation was last burnt against the capture rate
(CAPINDEX; see Section 4.3.1) clearly shows that capture rates were low in
vegetation recently burnt, increased over a period of about ten years, then
continued to increase more slowly for a further 15 - 20 years, at which time
capture rates appeared to reach their highest level (Figure 4.3). Thereafter,
capture rates tended to decline, but honey possums were still captured in
vegetation unburnt for at least 60 years.

Table 4.5 reports the mean CAPINDEX in different grids of vegetation long
unburnt (> 40 years since last fire). Grids 1a and 1b which had the most mature
vegetation, at all times, of all the areas studied, had a CAPINDEX of 13 - 14
honey possums per session. Grids 4a and 4b, also long unburnt prior to the
1998 burn had even higher CAPINDEX values of 18 - 23 honey possums per
session. In recently burnt vegetation, in contrast, the mean CAPINDEX over
the four years following the 1989 (Grid 3a) and 1998 (Grids 4a and 4b) fires was
reduced to just four or five honey possums per session (Table 4.6). This was a
three-fold reduction compared to the CAPINDEX in the same three trapping
grids over the four years preceding the fires (Table 4.6).
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Interestingly, as shown in Figure 4.4, the CAPINDEX followed a similar
trajectory in the years following each of the three fires (i.e. March 1980,
December 1989 and May 1998), even though these fire events occurred
between eight and 18 years apart and in areas up to 6.5 km apart.

To visualise the general trends in capture rates in long unburnt vegetation, as
well as before and after fire, the CAPINDEX has been presented for every
trapping session separately for each of the eight trapping grids. On the rare
occasion when there was more than one trapping session within the same
month, only the first trapping session has been portrayed. At Grids 1a and 1b,
long unburnt prior to the study and remaining unburnt throughout it, capture
rates ranged from 2 - 52 and 0 - 59 different individuals per session,
respectively. Grid 1a averaged 15 captures per session before the 1989 fire in
Area 3 and 13 captures after it, with an overall mean of 14 ± 0.9 captures over
the 19 years of study (Figure 4.5). Captures at Grid 1b were very similar,
averaging 14 captures before the fire and 12 captures following it, with an
overall mean of 13 ± 1.0 different honey possums per session (Figure 4.5).

At Grid 2, burnt four years before the study commenced, captures per session
averaged 23 ± 1.7 honey possums. During the four to ten years following the
fire at this grid, captures averaged 18 different individuals and, this increased to
an average of 25 individuals in the 11 - 23 years after the fire. Overall, capture
rates ranged greatly, from 3 to 85 animals per session (Figure 4.6). For Grid
3a, the only grid for which capture data were available both before and after the
December 1989 fire there, capture rates averaged 21 individuals with a range of
4 - 76 captures, per session before the fire. This fell to 13 individuals and a
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range of 0 - 45 captures during the 13 years after the fire (Figure 4.7). Similar
post-fire capture rates were recorded for nearby Grids 3b and 3c, which
averaged 14 ± 1.8 and 17 ± 3.4 captures respectively. However, the maximum
capture rate at Grid 3c was 97 different individuals, compared to a maximum of
only 56 individuals at Grid 3b (Figure 4.7).

At Grids 4a and 4b, burnt in May 1998, capture rates averaged 23 and 18
individuals respectively during the seven years before this fire, compared to
only 6 ± 1.6 and 8 ± 2.3 individuals during the four years after the fire
(Figure 4.8). The slight disparity between these values and those cited earlier
(see Table 4.6) stem from the use of June 1998 to May 2002 and June 1998 to
September 2002 time periods respectively. The range of capture rates at these
two grids, between 1991 and 2002, were similar with 0 - 62 individuals at Grid
4a and 0 - 45 individuals at Grid 4b.

Although these capture rates have been standardised for trapping effort,
seasonality of trapping effort, and for inter-annual differences in rainfall (see
Section 4.3), they still show considerable variability. In order to reveal broad
trends free from this noise, an annual CAPINDEX was calculated for each
trapping grid (Figure 4.9). These annual values indicate that in vegetation long
unburnt (Grids 1a and 1b), despite some minor annual variation, honey possum
captures remained fairly constant over the whole study (Figure 4.9). Similarly,
at Grid 2, burnt four years prior to the start of the study in 1984, captures
remained fairly constant between 1984 and 2002, apart from an anomalous
peak in 2000. It is worth noting that although the annual CAPINDEX at Grid 2
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remained reasonably stable, it did so at a higher capture rate overall than at
either Grids 1a or 1b (Figure 4.9).

At Grid 3a, where honey possums were caught both before and after a fire,
there was a sharp decline in the annual CAPINDEX during the first four years
after the fire, following which capture rates gradually increased. A similar trend
was noted at Grids 3b and 3c. A decline in the CAPINDEX after fire was also
apparent at Grids 4a and 4b after the 1998 fire (Figure 4.9).

4.5.2 Age and gender profiles of honey possum captures

The age and gender profiles of the honey possums caught were analysed using
analysis of covariance tests. Any significant variances in the structure of these
captures were attributed to one of four variables. These were the number of
years since the vegetation was last burnt, the season when trapping was
conducted, the annual rainfall in the preceding year, the trapping grid
considered, and the interaction between season and grid. Firstly, however,
a general overview of the population profile is presented. Overall, during 487
trapping sessions between 1984 and 2002, each of 300 trap-nights, 79 % of the
different honey possums captured during a trapping session were adults and
57 % of individuals were male.
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79 % Adults
45 % males
34 % females
18 % with pouch young
16 % pouch empty

57 % Males
43 % Females

21 % Juveniles
12 % males
9 % females
The results of the analysis of covariance tests indicated that the season when
trapping was conducted had a significant effect upon the ratio of juveniles to
adults captured, and the number of years since the vegetation was last burnt
also approached significance (Table 4.7). However, the Levene’s test for this
analysis was significant (F31,446 = 1.912, p = 0.003) which suggests that the
significance was compromised by failure of the assumption of heterogeneity of
variances. A closer examination of the data revealed that the proportion of
juveniles among captures was highest in summer, and lowest in winter (see
below). The data also suggested that the proportion of juveniles was higher in
more recently burnt vegetation.

Percentage of
juveniles among
captures (± S.E.)

Number of
sessions

Summer

24 ± 2

111

Autumn

22 ± 2

118

Winter

15 ± 1

134

Spring

17 ± 1

115

Season
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Table 4.8 reports the results of the analysis of covariance tests in which the
ratio of adult males to adult females was the dependent variable. Annual
rainfall in the preceding year was the only significant factor to influence this
ratio. However, the Levene’s test was also significant for this comparison
(F31,438 = 1.876, p = 0.004), so caution is indicated when interpreting this result.
The data showed that there was proportionately fewer adult males captured in
years following higher than average rainfall, but this relationship was not
significant when analysed without the other covariates. Nonetheless, the adult
sex ratio was significantly biased towards males (t469 = 8.356, p = 0.000) with
58.0 ± 1.0 % of all adult honey possums captured being males.

The results of the analysis of covariance tests in which the proportion of all adult
females that had pouch young was the dependent variable, indicated a strong,
significant relationship to the season of the year in which captures occurred
(Table 4.9). Although the Levene’s test for this relationship was significant
(F31,408 = 1.941, p = 0.002), the data clearly showed a seasonal decline in the
proportion of adult females that had pouch young from summer to autumn.
Overall, however, significantly more adult females (55.5 ± 1.7 %) captured had
pouch young than had an empty pouch (t439 = 3.140, p = 0.002).
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Percentage of
adult females
that had pouch
young (± S.E.)

Number of
sessions

Summer

63 ± 3

101

Autumn

27 ± 3

105

Winter

67 ± 3

132

Spring

62 ± 3

102

Season

The ratio of juvenile males to juvenile females was significantly related only to
the years since the vegetation was last burnt (Table 4.10). It should be noted
that without the inclusion of the quadratic term for the years since the vegetation
was last burnt in the analysis of covariance, then the trapping grid considered
was also significant. However, inclusion of the quadratic term accounts for so
much of the variance that the trapping grid no longer had a significant effect
upon this ratio (Table 4.10). As with the other relationships examined in this
section, the Levene’s test was again significant (F31,336 = 2.618, p = 0.000) so
that caution is suggested when interpreting the results, as the relationships
reported may have been obscured by any heterogeneity of the variances.
The data suggest that there were proportionately fewer juvenile males in the
intermediate years after the vegetation had been burnt (i.e. about 20 - 40 years
after fire), with proportionately more juvenile males in both recently burnt
(i.e. about 1 - 3 years after fire) and long unburnt areas. This also implies that
there were proportionately fewer juvenile males when the capture rates, and
presumably abundance, of honey possums were greatest (see Figure 4.3).
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Nonetheless, as with the adult sex ratio, the juvenile sex ratio was significantly
biased towards males (t367 = 3.417, p = 0.001) with 56.2 ± 1.8 % of all juvenile
honey possums captured being males.

In addition to these analyses, the relative proportions of juvenile males and
females, and adult males and females have also been presented visually,
separately for each trapping grid and each season (Figures 4.10 to 4.13).
Visual profiles for each trapping area (i.e. with “replicate” grids pooled) and
each season have also been presented (Figures 4.14 to 4.17). Adult females
with and without pouch young have been pooled for ease of comparisons.

4.5.3 Turnover rates, and recaptures between sessions, of honey
possums
The proportion of unmarked honey possums was high during all trapping
sessions, and unrelated to the age of the vegetation, the season of trapping or
the grid considered, with unmarked honey possums consistently making up
over 70 % of the different individuals captured (Table 4.11).

In areas long unburnt (i.e. > 40 years since burnt), turnover rates remained high
throughout every season, but the highest values were recorded for summer and
winter, with lower values for autumn and spring (Table 4.12). In areas recently
burnt (i.e. < 10 years since burnt) seasonal turnover rates were even higher
than in long unburnt areas, except during winter. The highest rate was again
recorded for summer, with similarly high values for autumn and spring, and a
lower rate recorded for winter (Table 4.12). Moreover, the turnover rate of
honey possums during summer months was significantly higher in the recently
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burnt areas (א12 = 5.51, p < 0.05), and was also significantly higher during
autumn (א12 = 6.10, p < 0.05) and spring (א12 = 7.59, p < 0.01). However,
although the turnover value recorded for winter in areas recently burnt (76 %)
was lower than that recorded for areas long unburnt (81 %), the difference was
not significant.

Despite this high turnover rate of honey possums between trapping sessions,
the recaptures of those honey possums marked during one trapping session,
and recaptured during one or more subsequent trapping sessions, were
examined in more detail for data between May 2000 and September 2003.

Table 4.13 depicts the 308 movements made between trapping sessions by 199
individuals. Within Areas 1 and 3, there was no significant difference between
males and females in the number of movements between trapping grids
(א12 = 0.25, p > 0.05 and א12 = 1.22, p > 0.05, for Areas 1 and 3 respectively).
Given that there was no significant difference between the sexes at Area 3, the
number of honey possums (sexes combined) that changed grids between
sessions was compared for Area 3 (ten years since burnt) and Area 4 (two
years since burnt). This difference was significant (א12 = 10.40, p < 0.01),
indicating that the proportion of individuals that moved grids between sessions
was significantly greater for those individuals first caught and marked at Area 4,
than for those initially caught at Area 3. In short, more individuals moved away
from the more recently burnt area (Area 4) than the less recently burnt area
(Area 3).
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Overall, 70 % of honey possums recaptured, were caught on two occasions
(i.e. caught during one session and marked, and then captured during one
subsequent session), with 19 % of recaptured individuals caught during three
sessions. Thus, less than 12 % of individuals recaptured were caught during
more than three sessions, and only 2 % of recaptured animals were caught on
more than six occasions (Figure 4.18).

The inter-grid movements of recaptured individuals are presented for those
animals first marked at Areas 3 and 4. Honey possums first caught in these
areas could be subsequently recaptured at any one of the five trapping grids
that were operated at these two areas (see Figure 3.4). However, 56 % of
these individuals were only caught at one grid and 38 % were caught at two
grids, so that only 6 % of animals were caught at more than two grids, and only
one individual was recorded at four of the five grids (Figure 4.19). Not
surprisingly, the number of different grids at which an animal first marked at
Areas 3 or 4 was caught, was significantly related to the number of sessions
during which the animal was captured (r56 = 0.532, p < 0.001).

The interval between the first and last capture of all individuals recaptured
between trapping sessions is presented both separately by trapping area in
Figure 4.20, and for all areas combined in Figure 4.21. The interval between
first and last capture was between one month and 26 months. Overwhelmingly,
however, the interval for most animals was less than 13 months from initial
capture to last capture. The proportion of individuals last recaptured less than
13 months after first capture varied between the trapping areas, from 69 % of
individuals at Area 1, 79 % at Area 4, 84 % at Area 3 and 94 % of individuals at
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Area 2 (Figure 4.21). Furthermore, the proportion of individuals last caught
more than 13 months after their initial capture was significantly higher for those
individuals first marked at Area 1, long unburnt, than those marked at Area 3
which, at the time of the study (2000 to 2002), had been burnt some 12 years
earlier (א12 = 4.03, p < 0.05). The data were such that other comparisons
between areas could not be tested. Overall, of the 199 individually marked
honey possums that were recaptured between May 2000 and September 2002,
67 % were last caught less than six months after their initial capture, and 81 %
(161 individuals) within 12 months (Figure 4.21). Interestingly, however, 12 %
(23 individuals) were last caught more than 19 months after they were first
caught. Of these, 13 were males, ten were females and only six were juveniles
when first caught; the other 17 were either small (young) or large adults. A
selection of these cases, for animals first marked at each of the four trapping
areas, are detailed below.

-

At Area 1, long unburnt, an adult male was first marked at Grid 1a during
June 2000 and recaptured, only once, at the same grid 25 months later
during September 2002. Another male first marked at Grid 1b during June
2000, also as an adult, was subsequently recaptured five times at the same
grid over a period of 22 months (last caught during April 2002).

-

At Area 2, burnt in 1980, a female first caught as a juvenile during October
2000, and recaptured only once, as a large adult whose pouch was empty
(but clearly lactational) in July 2002, was the only long-time recapture
between trapping sessions at this area.

-

At Area 3, burnt in 1989, a juvenile male was first marked at Grid 3a during
May 2000, was not recaptured until 11 months later, but during the next
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seven months was recaptured during six different trapping sessions, and
was last caught in April 2002 as an adult some 23 months after his first
capture. During his travels he was caught at three different grids, each grid
in close proximity. An adult female, with young in the pouch, was first
marked at Grid 3b during June 2000, was recaptured just once during April
2002, again as an adult with pouch young, and again at Grid 3b some 22
months after first caught.
-

At Area 4, burnt in 1998, there were few long-time recaptures between
trapping sessions recorded. However, one juvenile male first caught at Grid
4b during July 2000, was recaptured as an adult during September and
October 2000 (at Grids 3b and 3a respectively), at Grid 4b during February
2001, and finally at Grid 1a (about 3.5 km from Areas 3 and 4) during July
2002, some 24 months after he was first captured. A female, first captured
as a juvenile during October 2000 at Grid 4b, was recaptured once, at Grid
4b, as an adult with young in the pouch during July 2002, some 19 months
after her initial capture.

As expected, there were very few long distance, inter-area movements (i.e.
other than movements between Areas 3 and 4 which were in close proximity to
each other). Of the 199 honey possums that were recaptured between trapping
sessions, only three moved a long distance between trapping areas. These
three exceptions were one female that moved from Area 1 to Area 2, and two
males that were caught in both Areas 1 and 3.
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4.6

Discussion

The capture rates of honey possums within heathland at the Fitzgerald River
National Park were compared for the same areas before and after they were
burnt, as well as between areas which differed in their post-fire successional
age. The number of years since the vegetation was last burnt was one of four
variables that significantly affected the capture rates of honey possums.
Interestingly, honey possums were captured in a wide range of successional
vegetation, from areas burnt less than a year earlier to areas unburnt for well
over 50 years. Capture rates, and presumably abundance, however, were
greatest in vegetation unburnt for about 30 years.

Although honey possums were recorded at areas burnt less than a year earlier,
rates of capture there were very low. Indeed, no honey possums were caught
at these areas during the month after fire and, thereafter, capture rates
remained low for about the next three years. Between 3 - 10 years after fire,
rates of capture increased rapidly, then continued to rise, but more gradually,
until they reached their highest levels of capture within vegetation unburnt for
about 30 years. Within more mature vegetation, capture rates tended to
become progressively lower, although many honey possums were still captured
there. Interestingly, this pattern of captures was recorded following several fires
that differed in their type and intensity, as well as spatially and temporally. In
spite of this general trend, capture rates were variable at all vegetation
successional stages, with the variation in capture rates attributed, by others, to
local differences in the availability of foodplants (Wooller et al. 1993, Saffer
1998).
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As in the present study, Chapman (1985) and Friend (in Friend and Wayne
2003) also recorded maximal abundances of honey possums at about 15 - 20
years after fire. Chapman (1985) studied honey possums in the Fitzgerald
River National Park where he recorded the greatest capture rates within
vegetation unburnt for 15 years, with slightly fewer captures at vegetation
unburnt for 26 years. He also caught fewer animals within vegetation recently
burnt and in vegetation unburnt for more than 27 years, than within vegetation
of intermediate post-fire ages. Similarly, Friend (in Friend and Wayne 2003)
found that the abundance of honey possums in the Stirling Range National Park
was strongly related to the time since the vegetation was last burnt.

Capture rates were also significantly related to the annual rainfall in the
preceding year, as well as to the season of the year in which trapping was
completed. The influence of rainfall has also been noted in an earlier study by
Wooller et al. (1998), who also found that capture rates were highest following
years of greater than average rainfall. They suggested that higher than average
rainfall increases the production of flowers on the honey possum’s foodplants in
the following year, thereby increasing food availability and, thus, the abundance
of honey possums. This lag in the effect of rainfall may be mediated through
slow changes to the water table where plants’ roots penetrate.

As found in the present study, seasonal trends have been recorded by other
researchers working on honey possums at the same heathlands (Garavanta
1997, Saffer 1998), as well as in heathlands some 120 km west of the present
study (Wooller et al. 1981). Not surprisingly, the same seasonal trends were
noted by all researchers working within the Fitzgerald River National Park, with
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highest capture rates recorded over the cooler winter months when several of
their important foodplants are in flower. However, the earlier study by Wooller
et al. (1981) at a different heathland 120 km west of the Park, found capture
rates to be highest in spring. In general, these differences in the seasonality of
capture rates appear to be attributable to geographical differences in the
availability of flowering foodplants during those seasons when capture rates
were highest.

The other factor that significantly affected capture rates was the trapping grid at
which honey possums were caught. Interestingly, grids at the same trapping
area, and with the same fire history, nevertheless differed in their capture rates,
although the trends in their capture rates were the same. The differences in
capture rates at “replicate” grids may, at least in part, be due to small-scale
spatial differences in vegetation within areas that have the same post-fire
regeneration age. These differences in vegetation may result from differences
between sites in their soil types (see Table 3.1), drainage, water tables, or prefire vegetation. Although the underlying reasons for the observed differences in
capture rates between “replicate” grids were not explored in the present study,
such differences within areas with the same fire history have clear implications
for the use of fire chronosequences. Commonly, space is substituted for time in
chronosequences, in which differences between nearby areas are attributed to
their different fire histories rather than to other variables.

One of the more interesting findings that came to light was the lack of any link
between the post-fire successional age of a site and the age and gender profile
of the honey possum captures there. Although capture rates were severely
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affected by fire, just one difference was apparent in the population profiles that
was attributable to the age of the vegetation. The only significant difference in
the profile of captures was that there were proportionately fewer males than
females among the juveniles caught in the intermediate successional ages
(about 20 - 40 years after fire), compared to areas both more recently burnt and
those areas longer unburnt. This suggests that proportionately fewer juvenile
males may be caught when the density of honey possums is greatest. Overall,
however, the proportions of males and females, adults and young remained the
same irrespective of the post-fire age of the vegetation within which the honey
possums were captured. This indicates that although the honey possum has a
high reproductive potential (Wooller et al. 2000), it is unlikely that a strategy of
increasing production of young is implicated in the re-establishment of this
species after fire.

Seasonally, the proportion of adult females with pouch young was greatest in
winter and lowest in autumn, so it is not surprising that the proportion of
juveniles was highest in summer and autumn, and lowest in winter and spring.
This would occur when the young found in the pouch in winter emerged as
independent juveniles by summer and autumn. A rainfall effect was noted for
the proportion of adult males to adult females, but although there were
proportionately fewer adult males in years following higher than average rainfall,
the relationship was not significant when tested without the other variables that
were considered in the analysis of covariance.

It is interesting to note, nonetheless, that both the adult and juvenile sex ratios
were significantly biased towards male captures (58 % and 56 % respectively).
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Wooller et al. (1981) also recorded a significantly biased sex ratio (58 % males)
at a different heathland 120 km west of the present study. There is some
uncertainty as to whether this is a true reflection of the gender structure of
honey possum populations or an artefact of differences in the distances
travelled by the two sexes and their likelihood of being trapped. Given that a
litter of young can be fathered by up to four different males (Bryant et al. 2003)
and that the bias towards males was recorded for juveniles as well as adults, it
could be that there are indeed more males in the population. This might allow
greater mate selection by those adult females in oestrus. However, the sex
ratio of a small sample of young in the pouch did not differ from parity (Wooller
and Richardson 1992), so that the general consensus is to attribute the greater
number of males caught to their greater activity, rather than their greater
abundance (Wooller et al. 1981, Saffer 1998, Garavanta et al. 2000).

The capture of any honey possums in recently burnt areas is somewhat
unexpected given that they appear highly specialised in their requirements for
both food and cover. It has been reported, both in the present study and
elsewhere (Wooller et al. 2002), that many of their preferred foodplants do not
even begin to flower for at least four years following fire, and very little
vegetation cover is provided for shelter from predators and unfavourable
weather (see Chapter 9). However, when honey possums are considered as
transients in these areas, rather than residents, their presence becomes less
surprising. It was also unexpected that the animals trapped in the first few
years following fire spanned the spectrum of ages and both genders, from freeliving juveniles to adult females with pouch young. Female honey possums with
young may have a greater capacity for mobility and long-distance travel than
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the other small mammal species in the area, because honey possums do not
need to leave their young in a nest when they forage. The retention of young,
either in the pouch or on the back, until they are independent, gives adult
females the opportunity to move freely between nearby recently burnt and longunburnt areas. As the resources in the most recently burnt areas become more
readily available, a greater number of individuals may utilise these areas, until
ultimately permanent re-establishment can occur.

Another important finding that has not been reported elsewhere is the very high
turnover rate of honey possums between trapping sessions. These high
turnover rates, most exceeding 70 %, at all areas and in all seasons, were even
higher following fire. Turnover rates were significantly higher in recently burnt
areas in all seasons but winter. Perhaps this is not surprising given not only the
low capture rates, but also the lack of resources in these recently burnt areas,
which would necessitate the movement of animals into nearby areas where
their needs could be fully met. As interesting as these high rates of turnover
are, it is difficult to ascertain whether they are due to emigration, larger home
ranges than those previously reported (Garavanta et al. 2000), mortality, or a
combination thereof.

There is clearly some concern in using a modest number of individuals to
calculate the home range size of a species, as has been done for the honey
possum (Garavanta et al. 2000, Bradshaw and Bradshaw 2002). The high
turnover rates and low number of recaptures between trapping sessions of
honey possums captured in the Fitzgerald River National Park necessitated the
use of a small number of individuals to calculate home range size from mark127

recapture data (Garavanta et al. 2000), and did not consider whether those
individuals not recaptured between sessions had died, or just moved to another
area. However, there are also constraints upon the use of radio-tracking to
estimate the activity of honey possums (Arrese and Runham 2002, Bradshaw
and Bradshaw 2002). The dense vegetation within which the honey possum
can be found, its small size and extreme sensitivity to sound and movement has
considerable implications when following animals through the vegetation. The
use of triangulation by radio-tracking from a platform system may allow a more
accurate measure of movement than the more conventional method.
Nonetheless, both methods do provide some estimate of the home range size
of honey possums.

Given the very high turnover rates noted in the present study, there were
relatively few recaptures of animals between trapping sessions. Nonetheless,
of those animals that were caught on multiple occasions, more of them moved
away from the recently burnt area than from the less recently burnt area, not
surprising given the reduced availability of resources at recently burnt areas.
Furthermore, the first recapture between sessions of a honey possum was not
recorded until some 18 months after fire. This slow re-establishment of honey
possums back into areas disturbed by fire indicates the importance of both the
scale and the frequency of the fire. It suggests that nearby unburnt areas
where both foodplants and cover are available may be of considerable
importance to those honey possums captured in recently burnt areas during the
first several years following fire.
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If the high turnover rates and few recaptures between sessions of honey
possums do not reflect mortality, it may be that honey possums are simply more
mobile than previously thought (Wooller et al. 1981, Garavanta et al. 2000).
The lack of nest building and retention of young on the body might be
characteristics that allow them to survive within a landscape that was in the
past, and is now, a mosaic of suitable habitat. So whilst their preference is
probably to remain sedentary within areas that meet their food and cover
requirements, honey possums may have the capacity to engage in longer
distance movements when necessary (e.g. after fire), so that their life consists
of a continual search for sufficient food, cover and mates.
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Table 4.1 Summary of pitfall trapping effort in the Fitzgerald River National Park from February 1984 to
September 2002. A summary of trap-nights is shown in parenthesis.

Total trapping sessions
Area

Grid

First
trapping
session

Summer
1 Dec - 28 Feb

1

1a
1b

Feb 1984
Feb 1984

22
22

21
22

25
25

19
19

87 (26,100)
88 (26,400)

2

2

Oct 1984

16

17

18

17

68 (20,400)

3

3a
3b
3c

Feb 1984
Oct 1991
Apr 1992

19
8
4

20
8
6

22
13
11

18
13
11

79 (23,700)
42 (12,600)
32 ( 9,600)

4

4a
4b

Jul 1991
Oct 1991

12
11

13
12

13
10

10
10

48 (14,400)
43 (12,900)

114 (34,200)

120 (36,000)

136 (40,800)

117 (35,100)

487 (146,100)

Autumn
Winter
Spring
1 Mar - 31 May 1 Jun - 31 Aug 1 Sep - 30 Nov

Total
sessions
(trap-nights)

Table 4.2 Schematic representation of the timing of pitfall trapping sessions during
each year of the study. A vertical dash denotes that one or more trapping sessions
were conducted within a month of that year (January to December from left to right).
A horizontal line within a column indicates when that grid was burnt.

Year
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1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
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Table 4.3 Capture index of the number of different honey possums caught
in 100 pitfall traps over three consecutive nights in the Fitzgerald River
National Park. The data are only from areas long unburnt (> 40 years since
last burnt). A horizontal dash indicates no trapping was conducted during
that season. Seasonal correction values were derived from the seasonal
means only for those 12 years (highlighted in bold) in which trapping was
carried out in all four seasons.
Summer

Autumn

Winter

Spring

1 Dec - 28 Feb

1 Mar - 31 May

1 Jun - 31 Aug

1 Sep - 30 Nov

15
39
21
14
16
12
15
11
12
15
41
11
8
16
3

12
15
12
22
8
11
4
12
29
39
4
10
23
5
13

29
17
8
18
5
19
46
31
16
25
12
19
9
37
18
10
35

13
11
8
8
8
4
11
8
15
15
6
20
15
2
11

Seasonal
mean

14.8

11.3

22.3

9.8

Seasonal
correction

x 0.98

x 1.28

x 0.65

x 1.48

1984
1985
1986
1987
1988

1989
1990
1991
1992
1993
1994

1995
1996
1997
1998
1999
2000

2001
2002

Table 4.6 The mean (± 1 S.E.) number of different honey possums captured per session (300 trap-nights) in
the four years before and, four years after a fire. The number of years between the first and last trapping
session within each four year period is given in parenthesis. Data have been corrected for any differences in
the intensity and seasonality of trapping, and for rainfall during the preceding year (see Section 4.3), in order
to allow direct comparability between grids.

Grid

Mean (± 1 S.E.) individuals
caught per trapping session

Total number of different
individuals caught

Number of sessions
(years of data)

Before fire

After fire

Before fire

After fire

Before fire

After fire

3a

18.2 ± 1.9

4.4 ± 1.0

363

93

20 (4)

21 (4)

4a

18.1 ± 2.8

5.3 ± 1.8

217

69

12 (3)

13 (4)

4b

13.7 ± 2.8

5.4 ± 2.2

164

54

12 (3)

10 (2)

Table 4.7 The results of the analysis of covariance tests of betweensubjects effects in which the ratio of juveniles to adults (sexes combined)
was the dependent variable. The level of signficance is indicated by
asterisks as *** p < 0.001, ** p < 0.01 and * p < 0.05.

Degrees
of
freedom

F

Significance

1, 444

3.825

0.051 (*)

3, 27.954

4.497

0.011 *

1, 444

3.387

0.066

Trapping grid

7, 27.590

1.270

0.301

Season x Grid

21, 444

1.116

0.327

Variable

Years since vegetation last burnt
Season of year
Annual rainfall in preceding year

Table 4.8 The results of the analysis of covariance tests of betweensubjects effects in which the ratio of adult males to adult females was the
dependent variable. The level of signficance is indicated by asterisks as
*** p < 0.001, ** p < 0.01 and * p < 0.05.

Degrees
of
freedom

F

Significance

1, 436

0.204

0.651

3, 26.780

1.942

0.147

1, 436

4.474

0.035 *

Trapping grid

7, 26.319

0.692

0.678

Season x Grid

21, 436

1.408

0.109

Variable

Years since vegetation last burnt
Season of year
Annual rainfall in preceding year

Table 4.9 The results of the analysis of covariance tests of betweensubjects effects in which the proportion of adult females with pouch young
was the dependent variable. The level of signficance is indicated by
asterisks as *** p < 0.001, ** p < 0.01 and * p < 0.05.

Degrees
of
freedom

F

Significance

1, 406

1.626

0.203

3, 31.496

25.453

0.000 ***

1, 406

0.727

0.394

Trapping grid

7, 30.620

0.627

0.730

Season x Grid

21, 406

0.810

0.708

Variable

Years since vegetation last burnt
Season of year
Annual rainfall in preceding year

Table 4.10 The results of the analysis of covariance tests of betweensubjects effects, including the quadratic term for the years since vegetation
last burnt, in which the ratio of juvenile males to juvenile females was the
dependent variable. The level of signficance is indicated by asterisks as
*** p < 0.001, ** p < 0.01 and * p < 0.05.

Degrees
of
freedom

F

Significance

Years since vegetation last burnt

1, 333

10.747

0.001 **

Years since vegetation last burnt
(quadratic term)

1, 333

5.933

0.015 *

3, 33.638

0.923

0.440

1, 333

0.043

0.835

Trapping grid

7, 32.519

1.950

0.093

Season x Grid

21, 333

0.992

0.473

Variable

Season of year
Annual rainfall in preceding year

Table 4.12 The average turnover rate of honey possums in areas long unburnt (left) and in areas recently burnt (right).
Data are presented for each season, and are derived from all grids in that category. Data for long unburnt areas were
derived from Grids 1a and 1b (from 1984 to 2002), and 4a and 4b (before the 1998 fire). Data for recently burnt areas
were derived from Grids 3a, 3b and 3c for the nine years following the 1989 fire and from Grids 4a and 4b for the four
to five years following the 1998 fire. The number of sessions from which the data have been derived are also given.

Areas long unburnt
(> 40 years since burnt)

Areas recently burnt
(< 10 years since burnt)

Areas long unburnt

Areas recently burnt

Season

Turnover rate (%)

Turnover rate (%)

Number of sessions

Number of sessions

Summer

85.7

93.4

50

19

Autumn

71.0

82.6

42

17

Winter

81.0

76.1

37

17

Spring

69.7

82.1

43

20

Table 4.13 Movements within and between grids of those honey possums
recaptured between trapping sessions. Data presented for March 2000 to
September 2002. Trapping sessions were at least one month apart. Data
are shown separately for males (top) and females (bottom). All movements
are from the grid listed on the vertical axis to the corresponding grid on the
horizontal axis. The different trapping areas are distinguished by a double
line, and within grid recaptures (between sessions) are shown in bold.
Recaptures, between sessions, of male honey possums
2

1a

1b

3a

3b

3c

4a

4b

1a

15

1

1b

4

15

3a

19

6

7

3

3

3b

4

24

5

2

9

32

2

2

2

17

3c

1

4a
4b

1

2

1
1

3

2
2

1

Recaptures, between sessions, of female honey possums
2

3a

3b

3a

14

3

3b

2

19

2

3c

2

4

21

2

1b

15

2

5

14

3c

4a

4b

3

3

7

1a
1b

1a

1

2

4a
4b

1
2

2

Figure 4.1 The binary ear notch system used to mark honey possums,
and other small mammals, in the Fitzgerald River National Park.
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Figure 4.2 The number of different honey possums caught over three
consecutive nights (300 trap-nights) at Grid 1a plotted against the
equivalent value for Grid 1b. Data are for 86 trapping sessions at both
grids simultaneously between 1984 and 2002.
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Figure 4.3 Log10 (CAPINDEX + 1) where CAPINDEX is the number of
different honey possums captured during a 300-night trapping session,
plotted against the number of years since the vegetation was last burnt.
Each point represents one trapping session at one grid. The line has
been fitted using a quadratic equation and it represents the mean
CAPINDEX over time. Data are for Grids 1a 1b 2 3a 3b
3c 4a and 4b .

70

2.5

Log10 CAPINDEX

2
1.5
1
0.5
0
1

5

9

13

17

21

25

Years since last burnt
Figure 4.4 Log10 of the average annual CAPINDEX (number of different honey possums caught per session per grid) in relation
to the years since a trapping grid was last burnt. Values are the total number of different individuals caught in 100 pitfall traps
during three consecutive nights, corrected for differences in seasonality of capture effort and annual differences in rainfall (see
Section 4.3). Presented are data from Grid 2
after it was burnt in 1980, Grids 3a, 3b and 3c
after they were burnt in 1989,
and Grids 4a and 4b
after they were burnt in 1998. Grid 2, the longest series of data, was fitted with a curvilinear trendline.
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Figure 4.5 The capture rate of honey possums at Grids 1a (top) and 1b
(bottom) during each trapping session between 1984 and 2002. Values are
the total number of different individuals caught in 100 pitfall traps during three
consecutive nights, corrected for differences in the seasonality of capture effort
and annual differences in rainfall (see Section 4.3). Both grids were long
unburnt. Not shown is one trapping session at Grid 1b in January 2002 when
no honey possums were caught.
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Figure 4.6 The capture rate of honey possums during each trapping session
at Grid 2 between 1984 and 2002. Values are the total number of different
individuals caught in 100 pitfall traps during three consecutive nights, corrected
for differences in the seasonality of capture effort and annual differences in
rainfall (see Section 4.3). Grid 2 was burnt in March 1980.
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Figure 4.7 The capture rate of honey possums at Grids 3a (top), 3b (centre)
and 3c (bottom) during each trapping session between 1984 and 2002. Values
are the total number of different individuals caught in 100 pitfall traps during
three consecutive nights, corrected for differences in the seasonality of capture
effort and annual differences in rainfall (see Section 4.3). Grids 3a, 3b and 3c
were burnt in December 1989. No data were available for Grid 3b prior to 1991,
nor for Grid 3c prior to 1992. Not shown are trapping sessions when no honey
possums were caught at Grid 3a in January and May 1990, and at Grid 3b in
December 1992. The symbol ↓ indicates when a fire occurred on the trapping
grid during the course of the study.
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Figure 4.8 The capture rate of honey possums at Grids 4a (top) and 4b
(bottom) during each trapping session between 1991 and 2002. Values are
the total number of different individuals caught in 100 pitfall traps during three
consecutive nights, corrected for differences in the seasonality of capture effort
and annual differences in rainfall (see Section 4.3). Both grids were burnt in
May 1998. No data were available for Grids 4a and 4b prior to 1991. Not
shown are trapping sessions when no honey possums were caught at Grid 4a
in June 1998 and May 2001, and at Grid 4b in August and October 2001. The
symbol ↓ indicates when a fire occurred on the trapping grid during the course
of the study.
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Figure 4.9 Annual averages for capture rates of honey possums, separately
for each of eight trapping grids, from 1984 to 2002 inclusive. Values are the
total number of different individuals caught in 100 pitfall traps during three
consecutive nights, corrected for differences in seasonality of capture effort and
annual differences in rainfall (see Section 4.3), and averaged for all trapping
sessions at a grid during a year (December to November). Presented from top
to bottom are Grids 1a, 1b, 2, 3a, 3b, 3c, 4a and 4b. Grids 1a and 1b were long
unburnt, Grid 2 was last burnt in March 1980, Grids 3a, 3b and 3c were burnt in
December 1989, and Grids 4a and 4b were burnt in May 1998. No data were
available for Grids 3b, 4a and 4b prior to 1991, nor for Grid 3c prior to 1992.
No honey possums were caught in Grid 4a during trapping in June 1998. The
symbol ↓ indicates when a fire occurred on the trapping grid during the course
of the study.
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Figure 4.10 The age and gender profiles of honey possums caught during
summer. From top to bottom the figures are Grids 1a, 1b (both long unburnt
throughout), 2 (burnt in March 1980), 3a (long unburnt until December 1989),
3b and 3c (both burnt in December 1989), and 4a and 4b (both long unburnt
until May 1998). The percentage frequency distributions of individuals captured
(juvenile females juvenile males adult females and adult males ) are
presented for three time blocks (separated by the two fires), namely February
1984 to December 1989 (left), January 1990 to May 1998 (centre), and June
1998 to September 2002 (right). The number of trapping sessions and the
number of individuals (given in parenthesis) from which the relative proportions
were derived for each block of time are presented below the corresponding
data. No data were available for Grids 3b, 3c, 4a or 4b for the 1984 to 1989
block, and sample sizes for 1998 to 2002 were inadequate at all grids to support
profiles of captures. The symbol ↓ indicates when a fire occurred on the
trapping grid during the course of the study.
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Figure 4.11 The age and gender profiles of honey possums caught during
autumn. From top to bottom the figures are Grids 1a, 1b (both long unburnt
throughout), 2 (burnt in March 1980), 3a (long unburnt until December 1989),
3b and 3c (both burnt in December 1989), and 4a and 4b (both long unburnt
until May 1998). The percentage frequency distributions of individuals captured
(juvenile females juvenile males adult females and adult males ) are
presented for three time blocks (separated by the two fires), namely February
1984 to December 1989 (left), January 1990 to May 1998 (centre), and June
1998 to September 2002 (right). The number of trapping sessions and the
number of individuals (given in parenthesis) from which the relative proportions
were derived for each block of time are presented below the corresponding
data. No data were available for Grids 3b, 3c, 4a or 4b for the 1984 to 1989
block, and sample sizes for 1998 to 2002 were inadequate at Grid 3c to support
a profile of captures. The symbol ↓ indicates when a fire occurred on the
trapping grid during the course of the study.
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Figure 4.12 The age and gender profiles of honey possums caught during
winter. From top to bottom the figures are Grids 1a, 1b (both long unburnt
throughout), 2 (burnt in March 1980), 3a (long unburnt until December 1989),
3b and 3c (both burnt in December 1989), and 4a and 4b (both long unburnt
until May 1998). The percentage frequency distributions of individuals captured
(juvenile females juvenile males adult females and adult males ) are
presented for three time blocks (separated by the two fires), namely February
1984 to December 1989 (left), January 1990 to May 1998 (centre), and June
1998 to September 2002 (right). The number of trapping sessions and the
number of individuals (given in parenthesis) from which the relative proportions
were derived for each block of time are presented below the corresponding
data. No data were available for Grids 3b, 3c, 4a or 4b for the 1984 to 1989
block. The symbol ↓ indicates when a fire occurred on the trapping grid during
the course of the study.
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Figure 4.13 The age and gender profiles of honey possums caught during
spring. From top to bottom the figures are Grids 1a, 1b (both long unburnt
throughout), 2 (burnt in March 1980), 3a (long unburnt until December 1989),
3b and 3c (both burnt in December 1989), and 4a and 4b (both long unburnt
until May 1998). The percentage frequency distributions of individuals captured
(juvenile females juvenile males adult females and adult males ) are
presented for three time blocks (separated by the two fires), namely February
1984 to December 1989 (left), January 1990 to May 1998 (centre), and June
1998 to September 2002 (right). The number of trapping sessions and the
number of individuals (given in parenthesis) from which the relative proportions
were derived for each block of time are presented below the corresponding
data. No data were available for Grids 3b, 3c, 4a or 4b for the 1984 to 1989
block. The symbol ↓ indicates when a fire occurred on the trapping grid during
the course of the study.
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Figure 4.14 The age and gender profiles of honey possums caught in each of
the four trapping areas during summer. Figures from top to bottom are Area 1
(Grids 1a and 1b pooled, long unburnt throughout), Area 2 (burnt in March
1980), Area 3 (Grids 3a, 3b and 3c pooled, long unburnt until December 1989),
and Area 4 (Grids 4a and 4b pooled, long unburnt until May 1998). Presented
for each area is the percentage frequency distribution of individuals captured
(juvenile females juvenile males adult females and adult males ) for
three time blocks (separated by the two fires), namely February 1984 to
December 1989 (left), January 1990 to May 1998 (centre), and June 1998 to
September 2002 (right). The number of trapping sessions and the number of
individuals (given in parenthesis) from which the relative proportions were
derived for each block of time are presented below the corresponding data.
No data were available for Area 4 for the 1984 to 1989 block, and sample sizes
for 1998 to 2002 were inadequate at Area 2 to support a profile of captures.
The symbol ↓ indicates when a fire occurred in the trapping area during the
course of the study.
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Figure 4.15 The age and gender profiles of honey possums caught in each of
the four trapping areas during autumn. Figures from top to bottom are Area 1
(Grids 1a and 1b pooled, long unburnt throughout), Area 2 (burnt in March
1980), Area 3 (Grids 3a, 3b and 3c pooled, long unburnt until December 1989),
and Area 4 (Grids 4a and 4b pooled, long unburnt until May 1998). Presented
for each area is the percentage frequency distribution of individuals captured
(juvenile females juvenile males adult females and adult males ) for
three time blocks (separated by the two fires), namely February 1984 to
December 1989 (left), January 1990 to May 1998 (centre), and June 1998 to
September 2002 (right). The number of trapping sessions and the number of
individuals (given in parenthesis) from which the relative proportions were
derived for each block of time are presented below the corresponding data.
No data were available for Area 4 for the 1984 to 1989 block. The symbol ↓
indicates when a fire occurred in the trapping area during the course of the
study.
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Figure 4.16 The age and gender profiles of honey possums caught in each of
the four trapping areas during winter. Figures from top to bottom are Area 1
(Grids 1a and 1b pooled, long unburnt throughout), Area 2 (burnt in March
1980), Area 3 (Grids 3a, 3b and 3c pooled, long unburnt until December 1989),
and Area 4 (Grids 4a and 4b pooled, long unburnt until May 1998). Presented
for each area is the percentage frequency distribution of individuals captured
(juvenile females juvenile males adult females and adult males ) for
three time blocks (separated by the two fires), namely February 1984 to
December 1989 (left), January 1990 to May 1998 (centre), and June 1998 to
September 2002 (right). The number of trapping sessions and the number of
individuals (given in parenthesis) from which the relative proportions were
derived for each block of time are presented below the corresponding data.
No data were available for Area 4 for the 1984 to 1989 block. The symbol ↓
indicates when a fire occurred in the trapping area during the course of the
study.
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Figure 4.17 The age and gender profiles of honey possums caught in each of
the four trapping areas during spring. Figures from top to bottom are Area 1
(Grids 1a and 1b pooled, long unburnt throughout), Area 2 (burnt in March
1980), Area 3 (Grids 3a, 3b and 3c pooled, long unburnt until December 1989),
and Area 4 (Grids 4a and 4b pooled, long unburnt until May 1998). Presented
for each area is the percentage frequency distribution of individuals captured
(juvenile females juvenile males adult females and adult males ) for
three time blocks (separated by the two fires), namely February 1984 to
December 1989 (left), January 1990 to May 1998 (centre), and June 1998 to
September 2002 (right). The number of trapping sessions and the number of
individuals (given in parenthesis) from which the relative proportions were
derived for each block of time are presented below the corresponding data.
No data were available for Area 4 for the 1984 to 1989 block. The symbol ↓
indicates when a fire occurred in the trapping area during the course of the
study.
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Figure 4.18 The number of different trapping sessions during which individuals
that were captured on at least two occasions, were caught between May 2000
and September 2002. Data are for individuals from all trapping grids (Grids 1a,
1b, 2, 3a, 3b, 3c, 4a and 4b), and both males and females combined.
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Figure 4.19 The number of different grids at which individuals first caught in
Areas 3 or 4, were recaptured between May 2000 and September 2003. Data
for males and females have been combined. There was a maximum of five
different grids at which an individual could be caught (Grids 3a, 3b, 3c, 4a and
4b).
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Figure 4.21 The time between the first and last capture during which
individuals, that were caught during at least two different trapping sessions,
were caught between March 2000 and September 2002. Data are pooled from
all trapping grids (Grids 1a, 1b, 2, 3a, 3b, 3c, 4a and 4b), and males and
females are combined.
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Figure 4.20 The time between the first and last capture during which
individuals, that were caught during at least two different trapping sessions,
were caught between March 2000 and September 2002. Data are presented
separately by trapping area - Area 1 (Grids 1a and 1b) (top), Area 2 (Grid 2),
Area 3 (Grids 3a, 3b and 3c) and Area 4 (Grids 4a and 4b) (bottom). Data for
males and females are combined.
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Chapter 5. Pollen loads carried by honey possums

5.1

Introduction

Honey possums are highly specialised, non-flying mammals that feed solely
upon both nectar and pollen; these flower products meet all of their nutritional
requirements (Wooller et al. 1999). Although more than 1700 species of plants
are found in the Fitzgerald River National Park (Newbey 1995), only a much
more limited suite of flowering plants are sufficiently rich in nectar and pollen
that they can be harvested cost-effectively by honey possums. The protracted
flowering seasons of these plants overlap so that except in areas recently burnt,
there are always some foodplants available throughout the year. A fire can
destroy all of the staple foodplants of honey possums in an area, either by
killing the plants or removing all of the above-ground vegetation. Further, most
of the banksias and dryandras that figure prominently as foodplants of honey
possums (see also Saffer 1998, Wooller et al. 2000) regenerate only from seed
and take up to 5 - 10 years before they begin to flower again. Nonetheless,
some known foodplants, such as Calothamnus gracilis and Eucalyptus
buprestium regenerate from lignotubers as well as seed and may flower only a
year after fire.

In order to investigate whether honey possums altered their feeding strategies
in recently burnt areas where many of their important, staple foodplants had yet
to start flowering, pollen loads were sampled from the head and snout of
animals captured in areas where the age of vegetation differed. These areas
ranged from a site where the vegetation had grown for only 2 - 4 years following
139

a fire to an area long unburnt for > 50 years. This study of pollen loads was
intended to allow the number of different plant species visited, and their relative
importance, to be assessed. Pollen was also used as an indication of the use
for feeding of unburnt areas by honey possums that were pitfall trapped in
recently burnt areas. These pollen loads, a product of flower visitation by honey
possums, are believed to be a reliable measure of foodplant use (Saffer 1998).

5.2

Methods

The pollen carried on honey possums was sampled between May 2000 and
September 2003 using the technique of Wooller et al. (1983a). This uses a
sticky small block of glycerine jelly impregnated with basic fuchsin, a stain for
pollen, to pick up the pollen. Fresh glycerine jelly was prepared shortly before
each fieldtrip using a recipe similar to that used by Wooller et al. (1983a). Once
the jelly had set, and been cut, each small block of about 3 mm3 was placed in
an individual vial and sealed to minimise contamination in the field. When
necessary, the jelly was kept cool to prevent melting, particularly when in the
field.

Upon removal from their clean holding bag and before they were measured
(see Section 4.2.2), most honey possums were sampled for any pollen on the
fur of their head and snout, using one small block of glycerine jelly held in clean
forceps. The block was rubbed from the base of the head to the tip of the
snout, using gentle pressure, a standard number of times. Although an effort
was made to use the same pressure on each animal, as well as the same
number of motions, slight variations undoubtedly occurred within and between
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sessions. Once a sample had been taken, it was returned to the vial, which
was then sealed and labelled with the date, identification and trap number of the
animal, and stored on cool icebricks to prevent melting. The forceps were
cleaned between samples to reduce the chance of contamination.

During the evening of the day on which samples had been taken, each sample
was fixed permanently onto a clean, labelled microscope slide. Each sample
was placed on a slide using clean forceps, and warmed gently over a butane
burner. A coverslip was then placed on top to cover the sample. Care was
taken not to boil the jelly as this rendered the sample unusable, by deforming
the pollen grains. Each slide was labelled with the date, identification and trap
number of the animal from which the sample had been taken. These prepared
slides were permanent and free from further contamination (Wooller et al.
1983a).

Between field-trips, the prepared slides were examined under an Olympus BH-2
light microscope, usually with a magnification of x 100, but sometimes with a
magnification of x 400, to distinguish different pollen types. The entire area
under the coverslip was examined, starting at one end, and recording all of the
different pollen types encountered, and the number of grains of each type, until
the whole area had been surveyed. The pollen types sampled were identified
using a reference collection that I compiled using samples taken from plants in
flower at each trapping grid, with an emphasis on banksias and dryandras.
Thus, most of the different plants in flower at each of the trapping grids were
sampled, with reference samples collected on many trips, over each season,
until each of the most likely flowering foodplants had been sampled.
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Nevertheless, some pollen types were encountered on slides, albeit in very low
numbers, which were not in the reference collection. These few grains were
recorded as unidentified.

Due to time constraints, the great number of samples collected, and the
considerable time required to analyse each slide completely, not all prepared
slides were analysed. Instead, a structured sample of slides from each season
within a year was examined. This ensured that at least ten slides from each
trapping grid were analysed, for each of the four seasons. The only exception
to this protocol was when less than ten slides existed for a season at a grid. In
such cases, all slides available were analysed. Furthermore, a greater number
of slides from Area 4 were examined, overall, than for other areas, because the
pollen loads carried on honey possums in this recently burnt area were of
particular interest.

5.3

Statistical analyses

Data are presented for Areas 1 (Grids 1a and 1b), 3 (Grids 3a and 3b) and 4
(Grids 4a and 4b). Although 36 samples taken from honey possums at Area 2
were analysed, these data have not been presented. This is because only
three samples were obtained during summer months and, with only one
trapping grid at this area, reasonable comparisons could not be made with the
other areas. Data presented are from samples taken during the summers of
2000/01 and 2001/02, and from autumn, winter and spring of 2000, 2001 and
2002.
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To ensure adequate sample sizes for analysis, data were pooled for the three
trapping areas, and all comparisons made were between these areas. Areas
were compared on the basis of the ranking of the percentage frequency of
occurrence of each pollen type using a Spearman rank correlation. The basis
for inclusion of a pollen type in each comparison was the presence of a pollen
type in more than one sample, in at least one of the two areas being compared;
the number of grains was not considered.

5.4

Results

In total, more than 20 different plant species were recorded in the pollen loads
taken from honey possums. Of these, 20 could be identified (16 to species and
four to genus); ten were banksias, four were dryandras, three were other
proteaceous species, two were myrtaceous species, and one was from the
family Mimosaceae (Table 5.1). The life forms of these 20 species ranged from
small prostrate plants less than 30 cm in height (e.g. Banksia repens, Dryandra
nivea) to trees more than 2 m in height at maturity (e.g. Banksia baxteri,
Eucalyptus buprestium). Those species that regenerate only from seed tend to
have a long time to first flowering after fire, at more than five years. In contrast,
those species that also regenerate from lignotuber are capable of flowering
within two years of a fire.

Tables 5.2 to 5.5 present the percentage frequency of occurrence of the
different pollen types recorded in samples of pollen taken from the fur on the
head and snout of honey possums. Data are presented separately for each
trapping area, and for each season, with 271 samples analysed overall.
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Number of pollen loads analysed
Area

Summer

Autumn

Winter

Spring

Total

1

21

20

23

21

85

3

25

20

22

21

88

4

22

22

32

22

98

Total

68

62

77

64

271

From samples taken during summer, it is clear that honey possums visited
Banksia nutans frequently at this time. It is rich in both pollen and nectar (Saffer
1998) and was represented in 97 % of the samples taken. The other pollen
type that featured prominently, albeit at a lower rate of occurrence, was
Eucalyptus buprestium (Table 5.2). During autumn, the three species that
occurred most often in the samples were Dryandra plumosa, Calothamnus
gracilis, and E. buprestium; no banksia species occurred in more than 25 % of
samples at this time (Table 5.3). Interestingly, such prominent foodplants are
considered to be more associated with the provision of pollen, than either
nectar, or pollen and nectar (ibid) (Table 5.1). Over winter, B. baueri occurred
in at least 75 % of samples from each of the trapping areas, and C. gracilis
appeared to be another important food source over the winter months (Table
5.4).

In contrast to samples taken during summer and winter, when one banksia
species (B. nutans and B. baueri respectively) was present in more than 75 %
of the samples analysed at each area, no one species dominated during the
spring months. Nonetheless, the pollen of B. repens, D. plumosa and
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C. gracilis was present in more than 40 % of the samples taken from honey
possums at each area. Dryandra falcata was recorded in more than 55 % of
samples taken from individuals at Areas 1 and 3, but occurred less frequently at
Area 4 (23 %) where it had yet to flower following a fire there some 2 - 4 years
earlier (Table 5.5).

Although only two or three plant species tended to dominate the samples during
any season, individuals were recorded as carrying up to seven different pollen
types (Figure 5.1). During summer, about half of the individuals sampled at
Areas 1 and 3 carried less than four different pollen types (48 % and 52 % of
individuals respectively), in contrast to 95 % of those sampled at Area 4. Over
autumn, more than half of all individuals sampled were recorded with less than
four different pollen types (55 % at Area 1 to 80 % at Area 3). For winter
samples, 45 % of individuals from Area 3 carried less than four different pollen
types, 52 % at Area 1 and 69 % at Area 4. Similar values were recorded for
spring (52 % at Area 3 to 64 % at Area 4), when variation in the number of
pollen types carried by individuals appeared greatest (Figure 5.1).

Although the percentage frequency of occurrence values (Tables 5.2 to 5.5)
indicated that, in general, the same foodplants were used by honey possums at
each of the different trapping areas, this measure did not take into account any
differences in the numbers of grains carried. Therefore, the proportions of light
(1 - 60 grains per sample) and heavy (> 60 grains per sample) loads carried by
individuals were compared between areas, separately for each season.
Overall, there were no significant differences between the different areas in the
proportions of light and heavy loads carried by honey possums during either
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winter or spring. During summer, however, significantly more individuals at
Areas 1 (א12 = 14.96, p < 0.001) and 3 (א12 = 4.37, p < 0.05) had heavier loads
than individuals at Area 4. It should also be noted that the proportion of
individuals carrying heavier loads at Area 1 was greater than at Area 3,
although this difference only approached significance (א12 = 3.37, p < 0.1).
During autumn, significantly more individuals sampled at Area 1 had heavier
loads than the honey possums sampled at either Area 3 (א12 = 10.03, p < 0.01)
or Area 4 (א12 = 6.20, p < 0.05). The underlying reasons for these differences in
pollen loads will be explored in the discussion.

Despite the few differences in the relative loads of pollen grains carried noted
between some areas during some seasons, the ranking of the foodplants that
these honey possums visited did not differ significantly, in any season, between
the areas with vegetation of different ages. Indeed, there was a strong positive
correlation between the rankings of foodplants at all three areas, during each of
the four seasons. For summer, Spearman rank coefficients (rs) ranged from
0.62 to 0.90, from 0.82 to 0.89 for autumn, from 0.71 to 0.87 for winter, and
from 0.83 to 0.92 for spring; all these values were highly significant.

It is particularly interesting to note that individuals trapped in vegetation burnt
only 2 - 4 years earlier (Area 4), an area characterised by young plants and so
devoid of many of the flowers known to be visited frequently by honey possums
(e.g. B. nutans and B. baueri), still consistently carried the pollen of these
species. Indeed, 95 % of the honey possums sampled at Area 4 during the
summer of 2000/01, when no B. nutans had yet flowered following the fire,
carried this pollen. Furthermore, 74 % of the samples taken at Area 4 during
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the winters of 2000 and 2001, when no B. baueri plants had yet flowered, had
B. baueri pollen. This strongly suggests that the individuals sampled had been
feeding in other, more mature, areas of vegetation where these foodplants were
in flower, and so were not permanently resident in the recently burnt area.

5.5

Discussion

The honey possum is a highly specialised nectarivore dependent on the
availability of foodplants to provide the pollen and nectar upon which it feeds
exclusively (Wooller et al. 1993). Many of the foodplants visited most frequently
by honey possums (see also Wiens et al. 1979, Wooller et al. 1983b, Anthony
1996, Saffer 1998, Wooller et al. 2000) regenerate only from seed and may take
more than five years before they even begin to flower after fire (George 1984,
Wooller et al. 2002). In order to explore the impact of fire on the foodplant
selection of honey possums, pollen loads were used as a measure of plant
visitation by honey possums caught at both recently (2 - 4 years after fire) and
long unburnt (> 50 years after fire) areas, as well as at an area burnt some 12
years earlier.

The pollen of more than 20 different plant species was present in the pollen
loads taken from the fur of honey possums. Most of these species were from
the Proteaceae and Myrtaceae families, indicating that plants from these
families were the most important source of foodplants for honey possums in the
Fitzgerald River National Park, as they were in earlier studies in the Park
(Anthony 1996, Saffer 1998), and in a different heathland west of the Fitzgerald
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(Wooller et al. 1983b). It was, however, a much smaller suite of these plants
that were visited on a seasonal basis.

During summer, Banksia nutans, rich in both pollen and nectar (Saffer 1998),
was visited by nearly all of the honey possums sampled, irrespective of the
successional age of the vegetation within which they were caught. Whilst
during winter, B. baueri, also rich in both pollen and nectar (ibid), was visited
more than any other plant species, by the honey possums sampled, in that
season. Both of these banksias are small bushes within which their
inflorescences are often well hidden. It is not surprising that these small nonflying mammals favour such plants, which are both low to the ground, and rich
in pollen and nectar. The availability of both pollen and nectar on the same
foodplant means that these resources can be harvested most cost-effectively in
order to satisfy their high metabolic rate (Withers et al. 1990).

Interestingly, most honey possums caught at an area burnt just a few years
earlier had visited, and presumably fed upon, these plants, although they were
not yet in flower at that area. This strongly suggests that these individuals were
not resident in the burnt area and had travelled a considerable distance (at least
150 m). This was, however, not unexpected given that an area recently burnt
does not provide all the foodplant and cover requirements of the highly
specialised honey possum. An earlier study by Anthony (1996), who conducted
a flower removal experiment for B. baueri, also found, as in the present study,
that honey possums moved outside the grids when their frequently visited
foodplants were removed, presumably in search of its preferred foodplants.
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Nonetheless, these frequently visited banksias were often supplemented with
Eucalyptus buprestium during summer and Calothamnus gracilis during winter.

In contrast to summer and winter, no single foodplant appeared to dominate
plant visitation by honey possums during autumn or spring, although many
individuals visited Dryandra plumosa and C. gracilis. These two plants have
longer flowering periods than most of the banksias and dryandras, and clearly
help meet honey possums’ nutritional requirements until more preferred
foodplants come into flower. Indeed, individuals at all three of the areas studied
visited these two foodplants. This suggests that those foodplants which
regenerate from lignotuber, as well as from seed, and can flower within two
years of a fire, are fed upon at areas long unburnt, not just by individuals in
recently burnt areas. So whilst it does not seem that these plants are a
complete substitute for the slow growing banksias that appear to be so
important, they can probably still be harvested very cost-effectively by honey
possums, given that they continue to be fed upon even in the long unburnt area.

Despite differences in the availability of foodplants at each of the areas where
honey possums were trapped, there was no significant difference in the suite of
foodplants visited by individuals captured in recently burnt and longer unburnt
areas. However, honey possums sampled at Area 4 (some 3 years after fire),
during summer, carried lighter loads of pollen than animals sampled in the
longer unburnt Areas 1 and 3. Similarly, during autumn, honey possums at
Areas 3 and 4 carried lighter loads of pollen than those at the long unburnt
Area 1.
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Presumably the lighter loads carried by individuals at Area 4 (and at Area 3
during autumn) were an artefact of greater travel by those honey possums.
Individuals caught at Area 4, where the availability of foodplants was greatly
reduced and the distribution of resources more patchy than in areas longer
unburnt, would have had to undertake greater travel to find sufficient foodplants
upon which they could feed. During these longer distances, there may have
been a greater opportunity for some of the pollen to be removed by the low
vegetation as honey possums ran along the ground, but this was not tested.
Furthermore, the amount of time they spent in the pitfall trap, and whether they
had groomed themselves, may also have been factors that impacted on pollen
loads (see Saffer 1998).

As noted earlier, in general, individuals in both recently burnt and long-unburnt
areas visited the same suite of foodplants. In addition, the ranking of those
foodplants that were visited did not differ significantly in any season or between
any of the areas with different successional vegetation stages. This seems to
indicate that the honey possum is not as opportunistic within an area as has
been implied elsewhere (Wooller et al. 1983b), but rather has significant
nutritional requirements which must be met by a rather limited suite of
foodplants, alone or in combination. Consequently, although the suite of
foodplants fed upon may differ between heathlands, the preference for
particular foodplants within a heathland may be quite marked.
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Table 5.1 List of plants recorded in pollen loads taken from honey possums and other small mammals, in the
Fitzgerald River National Park. Those plant species recorded in pollen loads, but not recorded at any of the trapping
grids, are marked with an asterisk.

Plant

Main reward
for small
mammals

Life form
at maturity

Regeneration

Time to first flowering
after fire (years)

pollen + nectar
pollen + nectar
pollen+nectar
pollen
pollen
pollen + nectar
pollen + nectar
-

bush
shrub/tree
bush
prostrate plant
prostrate plant
shrub
shrub/tree
-

seed
seed
seed
seed + lignotuber
seed + lignotuber
seed
seed
-

4-5
>5
4-5
<2
<2
>5
>5
-

Family Proteaceae
Banksia nutans
Banksia baxteri
Banksia baueri
Banksia gardneri
Banksia repens
Banksia coccinea
Banksia media*
Banksia sp.1*
Banksia sp.2*
Banksia sp.3*

Plant

Dryandra plumosa
Dryandra nivea
Dryandra falcata
Dryandra sp.1*
Calothamnus gracilis
Adenanthos cuneatus
Lambertia inermis

Main reward
for small
mammals

Life form
at maturity

Regeneration

Time to flowering
after fire (years)

pollen
pollen + nectar
pollen
-

bush
procumbent plant
shrub
-

seed + lignotuber
seed + lignotuber
seed
-

<5
<5
>5
-

pollen
nectar
nectar

shrub
shrub
tree

seed + lignotuber
seed + lignotuber
seed

<5
<5
>5

pollen
pollen

tree
bush

seed + lignotuber
seed + lignotuber

<5
<5

pollen

shrub

seed + lignotuber

<5

Family Myrtaceae
Eucalyptus buprestium
Beaufortia spp.
Family Mimosaceae
Acacia spp.

Data from George (1984), Saffer (1998), and Wooller et al. ( 2002).

Table 5.5 Percentage frequency of occurrence of pollen types taken from the head and snout of honey possums trapped during
spring (September to November) in 2000, 2001 and 2002 combined. Data are the proportion of samples (n) in which at least one
pollen grain of a plant species was recorded. Data are for Areas 1 (Grids 1a and 1b), 3 (Grids 3a and 3b) and 4 (Grids 4a and 4b)
All unidentified pollen types were pooled into one category. Values in bold are for plant species that had yet to flower at Area 4
following a fire there some three years earlier (see Section 8.3).

5

64

5

5

67

38

41

23

23

Unidentified

22

43

Lambertia

4

5

Beaufortia

5

14

Eucalyptus

43

57

Calothamnus

21

52

Other species

sp.1

3

nivea

10

falcata

5

plumosa

52

sp.3

coccinea

21

Dryandra species

sp.1

media

1

baxteri

n

baueri

Area

repens

Banksia species

10

52

33

14

29

33

62

29

24

55

9

5

24

5

41

Figure 5.1 The frequency distributions of the number of different pollen types
present in samples taken from honey possums in the Fitzgerald River National
Park. Data are presented separately by season (left and right) and by trapping
area (top to bottom). Area 1 had been unburnt more than 50 years, Area 3 had
been burnt about 12 years earlier and Area 4 had been burnt about three years
earlier.
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Summer
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4

5

6

7

12

8
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0

6

6

4

4

2

2
2

3

4

5

6

7

12

8

Area 4
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0

6

6

4

4

2

2

2

3

4

5

6

Number of pollen types per sample

7

8

4

5

6

7

0

8
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4
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6

7

8
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8

1

3

12

8

0

2
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8

1

1

12

8

0
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8

0

Number of samples

12

1

2

3

4

5

6

7

8

Winter

Spring

12

Area 1

10

8

6

6

4

4

2

2
1

2

3

4

5

6

7

12

8
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0

6

6

4

4

2

2
2

3

4

5

6

7

12

8
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6

4

4

2

2

2

3

4

5

6
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7

0
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8
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7
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Chapter 6. Mark-recapture study of small mammals other than
honey possums
6.1

Introduction

The focus of this study was at all times the honey possum. Nonetheless, it was
also possible to compare the capture rates of the other small mammal species
recorded in the study areas. Since not all the small mammal species believed
to be present were thought likely to be caught in pitfall traps (Saffer 1998), a
number of box traps were used at most of the trapping grids after March 2000.
The primary intent was to examine whether there were any clear preferences
for a particular vegetation type (successional age) for any of the other small
mammals present, in the same way that this was examined for the honey
possum (see Section 4.5.1).

6.2

Methods

6.2.1 Trapping effort

Small mammals other than honey possums were also captured at the eight
grids of 100 pitfall traps. All small mammal species were recorded during 396
of the 487 trapping sessions that occurred over a period of 19 years (Table 6.1).
In addition, aluminium Elliot box traps (33 cm x 10 cm x 10 cm high, Elliot
Scientific Company, Victoria) were used at all grids, except Grid 3c, during 65
trapping sessions between May 2000 and September 2002 (Table 6.2). When
box trapping, 16 box traps were placed at each pitfall grid, on each of three
successive nights, resulting in 48 trap-nights per trapping session.
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6.2.2 Field protocol

The field protocol for trapping sessions was as follows. On arrival at the Park,
in the afternoon, pitfall traps at one or more grids were opened, as described in
Section 4.2.2. In addition, 16 box traps were set out at each open trapping grid
in a standard configuration, with traps spaced 15 m apart (see Figure 6.1).
Within this configuration, an effort was made to place box traps along potential
runways that could be used by small mammals and with cover from
overhanging vegetation or dead wood, to minimise temperature extremes within
the trap. Thus, box traps were not operated at the same sites during
successive trapping sessions, nor were the trap entrances always facing the
same direction. Each box trap was baited with pieces of walnuts. Walnuts
were used as bait in preference to some more traditional baits (e.g. peanut
butter and rolled oats) as it was thought that walnuts were less likely to attract
ants. This was an important consideration given the problems with ants at
some of the trapping grids, particularly during warmer weather. A small amount
of cotton wool was placed inside each box trap to minimise “cold-shock” and to
absorb any urine.

All traps open were checked soon after daylight on each of the following three
mornings. All pitfall traps were closed securely with lids, and box traps
removed, after the third morning of trapping. As each trap was checked, any
animal captured was placed in a separate, clean calico bag that was labelled
with the grid and trap number. Once all open grids had been cleared, captured
animals were identified to species, measured and marked. In general,
recaptures within a session were weighed again, but never re-marked. Each
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animal caught was weighed to ± 0.1 g on an electronic top-pan balance. Next,
a sample of pollen was collected from the head of each animal (see Section 5.2
for sampling procedure). Whenever possible, animals were sexed and
assigned to one of two age classes, juvenile or adult, based on body mass.

The ability to identify rodents, and in particular, correctly distinguish adult ashgrey mice from juvenile bush rats, varied between researchers and with
experience. There is a possibility that some, or all, of the rodents recorded as
ash-grey mice prior to the end of 1985, were in fact juvenile bush rats. After this
time, with more experience of animals in the hand, and expert identification of a
number of voucher specimens, correct identification of the different species has
been assumed. Also, prior to March 2000, many captures were neither sexed
nor assigned to an age class. Some animals, mostly juveniles, could not be
accurately sexed in the field due to a lack of expertise.

Each animal was then marked with a unique, identifiable ear notch requiring
one or more small notches along the margins of one, or both, ears (see Section
4.2.2). The binary marking system used provided over 200 different ear notch
combinations. However, combinations requiring more than three holes in each
ear did not need to be used, and only rarely were more than two holes needed,
given the limited number of captures and the ability to re-use the same notch
combinations on different species. In addition, due to the distance between
Areas 1 and 2, and Areas 3 and 4, it was felt that the same notch combinations
could be repeated at these two locations, which were sufficiently separated that
movements between them were unlikely.
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Immediately following the processing of the day’s captures, each animal was
released within 1 m of the trap in which it was captured. At the same time, any
box trap that had captured an animal that day was replaced with a clean, baited
trap.

6.3

Statistical analyses

The captures of small mammals during all trapping sessions prior to 2000 have
been presented as total capture values (i.e. including recaptures within a
trapping session) because during most sessions insufficient details were
recorded to identify individual animals. In addition, the relatively few captures of
bush rats that were recorded prior to box trapping in 2000 have not been
presented on the figures depicting total captures between 1984 and 2002
(i.e. Figures 6.2 to 6.5). This was because these captures were considered to
be biased by a seasonal influx of juvenile animals when box traps were not
used to capture the adults bush rats at the same areas. For this reason, bush
rat capture data has only been presented for small mammal captures between
2000 and 2002, the years when pitfall trapping was supplemented with box
trapping.

Small mammal captures during trapping sessions between March 2000 and
September 2002 have also been presented either as new individuals (i.e. only
unmarked animals) or as different individuals (i.e. unmarked animals plus those
individuals marked during an earlier trapping session that were then recaptured
during a subsequent trapping session). Recaptures within a trapping session
were not included in these results. It should also be noted that, in order to allow
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the relative capture rates of each species to be compared, pitfall and box
trapping data collected between March 2000 and September 2002 have
sometimes been presented together. There are clearly concerns about
comparing pitfall and box trapping data, given the inherent bias associated with
these different trapping methods, the difference in trapping effort, and any
differences in the trappability of species. Comparisons of capture rates at the
different trapping grids were considered to be meaningful nonetheless because
a standard protocol was used at each grid. No detailed statistical analyses
were appropriate in view of the limited data.

Almost all pitfall trapping sessions were carried out over three consecutive
nights using a grid of 100 pitfall traps (i.e. 300 trap-nights per session), and box
traps using 16 traps at each grid, but occasionally there were minor variations to
this protocol. In order to establish a basis for comparisons, captures during a
session were corrected pro rata, when required, so that all values of captures
presented have been standardised to 300 trap-nights and all box trapping
sessions have been standardised to 48 trap-nights.

Also, on the rare occasions when trapping sessions lasted for two, rather than
three, consecutive nights, the data were not included in the analysis, because
captures were too few for reliable extrapolation to three-night totals. Finally,
capture data presented on the figures are cumulative values; this was due to
the generally low rates of capture of small mammals, other than honey
possums, on a per session basis.
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6.4

Results

It is important to note that, except where stated otherwise, the results detailed in
this section only compare captures of small mammals other than the honey
possum. The results of the mark-recapture study of the honey possum have
already been detailed in Section 4.5.1.

Figures 6.2 to 6.5 present the total captures of the grey-bellied dunnart, the
house mouse and the ash-grey mouse during pitfall trapping sessions between
1984 and 2002. In the area long unburnt, there were very few captures of the
house mouse until the large-scale fire in 1989, even though the vegetation at
the trapping grids in this area was not itself burnt (Figure 6.2). However, a
similar increase in the number of house mice caught was not recorded following
a more localised fire in 1998 at Area 4, although this could also be a reflection
of reduced trapping effort between 1998 and 2000. In general, the number of
dunnarts caught appeared to increase steadily throughout the study, although
total captures did not exceed 25 over the 19 years (Figure 6.2). After some
initial captures of ash-grey mice during the first 18 months of the study, no
further captures were recorded (Figure 6.2). It should also be noted that there
is some uncertainty regarding the identification of these early captures, of which
some, or all, may have been juvenile bush rats.

At Grid 2, burnt in 1980, the total captures of house mice increased throughout
much of the study, with more than 60 captures in all (Figure 6.3). A similar
increase was recorded for dunnarts, albeit at a lower rate. No ash-grey mice
were trapped at this grid (Figure 6.3).
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At Grid 3a, low captures of all three species were recorded while the grid
remained long unburnt (Figure 6.4). Following the 1989 fire which removed
most of the above-ground vegetation at the grids in this area, there was an
immediate increase in the number of house mice recorded, and captures
increased for the next four years, before they reached a plateau. However, it
was not until two years after the fire, that captures of dunnarts increased;
captures continued to increase thereafter, and were still increasing when this
study concluded at the end of 2002 (Figure 6.4). Similar trends in captures of
house mice and dunnarts were recorded at both Grids 3b and 3c, although no
data were available for these two grids before the fire (Figure 6.4). Post-fire
trends in small mammal captures at Grids 4a and 4b following the 1998 fire in
that area (Figure 6.5) paralleled the earlier patterns at the trapping grids in
Area 3 (see Figure 6.4).

As noted earlier in Section 6.2, during the trapping sessions between March
2000 and September 2002 animals captured were marked individually, and the
pitfall trapping study was supplemented by box trapping. The addition of box
trapping data allowed the captures of bush rats to be compared with the other
species. This was not possible when only pitfall trapping was used as adult
bush rats only rarely fall into, and can escape from, the pitfall traps used.
Honey possums, dunnarts, ash-grey mice, and juvenile (i.e. < 40 g) bush rats
(except for one 39 g animal caught in a box trap) were only caught in pitfall
traps, adult (i.e. ≥ 40 g) bush rats (except for one individual caught in a pitfall
trap) were only caught in box traps, and house mice were caught in both pitfall
and box traps (Table 6.3). Table 6.3 also indicates the percentage of trapping
sessions during which at least one individual of a species was caught. Honey
180

possums were captured during nearly every trapping session, dunnarts were
caught during most trapping sessions at Areas 3 and 4, but in less than half of
sessions at Areas 1 and 2. House mice were represented in more sessions at
Areas 2 and 4, than at the other areas, and adult bush rats were caught during
more sessions at Areas 1 and 3 than at either Areas 2 or 4. Few sessions
recorded either ash-grey mice or juvenile bush rats (Table 6.3), and captures of
the latter were highly seasonal, with more than 80 % of captures over summer
and autumn.

Despite the often high percentage of trapping sessions during which at least
one individual of a species was captured (Table 6.3), trap success was
invariably low for all species except honey possums (Table 6.4). For pitfall
trapping sessions between March 2000 and September 2002, honey possums
were caught on average on 4.5 % of all trap-nights, although trap success
varied considerably between grids, from 1.7 % at Grid 4a to 7.4 % at Grid 3c.
In contrast, trap success averaged 0.3 % or less for all other species recorded
(Table 6.4). It is not surprising, therefore, that honey possums represented, on
average, 88 % of all different individuals captured in pitfall traps, followed by
dunnarts which averaged 7 % and house mice at 4 % (Table 6.5).

As mentioned earlier, only adult bush rats and house mice were caught in box
traps. A breakdown of trap success, for these two species, at each grid, is
presented in Table 6.6, but the average trap success rate was 2.8 % for bush
rats and 0.4 % for the house mouse. Overall, bush rats accounted for 88 % of
the different individuals captured in box traps and were caught at all of the
trapping grids where box traps were placed. In contrast, house mice were only
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caught in box traps at Grid 2 (one individual), Grid 3a (one individual), and Grids
4a and 4b (six and four individuals respectively) (Table 6.6).

Figures 6.2 to 6.5 show the total captures (i.e. values that include recaptures of
individuals within sessions) of dunnarts, house mice and ash-grey mice, for all
three-night sessions between 1984 and 2002. In addition, the number of new
animals (i.e. only individuals caught for the first time) that were captured has
been plotted for all sessions (pitfall and box trapping data combined) between
March 2000 and September 2002. For the house mouse and the bush rat,
captures in both pitfall and box traps have been combined and are presented as
a single value (Figures 6.6 to 6.9).

At Grids 1a and 1b, bush rats predominated among captures, with their
numbers increasing slowly over the period of study. Very few dunnarts were
caught and the number of new individuals reached a plateau before the final
trapping session. No house mice or ash-grey mice were recorded at Grid 1a,
and only four house mice were recorded at Grid 1b; all four were caught in the
last six months of the study (Figure 6.6). Interestingly, house mice dominated
Grid 2 captures of new individuals, with numbers increasing over the period of
the study. In contrast, no bush rats were caught until January 2002, after which
time numbers increased, albeit only by a few individuals, over the next three
sessions. Only one dunnart was caught, in April 2002, and no ash-grey mice
were recorded (Figure 6.7).

All four species were recorded at Grid 3a. Dunnarts dominated the captures of
new individuals and their numbers continued to increase up to, and including,
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the final trapping session. The number of bush rats also increased, although no
new individuals were caught between March 2001 and March 2002. There was
an influx of house mice in April 2002, with a further few individuals caught in
July 2002. One ash-grey mouse was recorded in May 2000, as well as single
individuals in April, July and September of 2002 (Figure 6.8). Similar patterns
were shown for small mammals at Grid 3b, although no ash-grey mice were
caught (Figure 6.8). At Grid 4a, house mice dominated captures of new
individuals and, although the other three species were recorded, no clear trends
were evident (Figure 6.9). At Grid 4b, a similar increase in house mice was
shown, albeit fewer individuals were captured. Dunnarts also increased steadily
throughout the study to reach levels similar to the house mouse. In contrast to
Grid 4a, however, a number of bush rats were recorded at Grid 4b, and their
numbers increased up to, and including, the final trapping session. No ash-grey
mice were recorded at this grid (Figure 6.9).

Summarising these data, the relative percentages of new individuals of each
species caught between March 2000 and September 2002 have been
presented in Figure 6.10. It is clear that house mice dominated captures of new
individuals at Grids 4a and 4b, which had been burnt 2 - 4 years earlier, in
1998. Dunnarts dominated captures at Grids 3a and 3b, 11 - 13 years after a
fire there in 1989, whereas bush rats dominated captures at Grids 1a and 1b,
both of which were long unburnt (Figure 6.10).

In order to compare any differences in the presence of small mammal species
at trapping grids before and after fire, the percentage of trapping sessions
during which at least one individual of a species was recorded has been
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presented for the five years preceding and following both the 1989 and 1998
fires (Table 6.7). Following the 1989 fire at Grid 3a where the above-ground
vegetation was removed by the fire, honey possums were caught less often,
whilst the frequency with which dunnarts and house mice were caught rose
considerably (from 23 to 43 %, and from 8 to 83 % respectively).

At Grids 1a and 1b, however, which were not burnt in the fire and remained
unburnt throughout the study, the percentage of sessions that recorded honey
possums remained at 100 %. The capture frequency of dunnarts also remained
stable, declining only marginally. In contrast, house mice were caught much
more often at both grids after the fire (from 4 to 41 % at Grid 1a, and from 11 to
28 % at Grid 1b), despite the grids themselves not being burnt. Values for the
ash-grey mouse were low overall, and none were recorded at any of these three
grids in the five years following the fire (Table 6.7).

After the fire at Area 4 in 1998, the percentage of sessions during which honey
possums were caught fell by almost 20 % at both of the grids at that area.
There were, however, increases in the frequency with which dunnarts and
house mice were represented in captures. At Grid 4a, the percentage of
sessions during which dunnarts were recorded rose from 38 % before the fire to
67 % after the fire, and from 29 to 82 % at Grid 4b, while house mice rose from
25 to 58 % at Grid 4a and 14 to 45 % at Grid 4b. A single ash-grey mouse was
recorded in Grid 4a after the fire (Table 6.7). Over the same period, at the long
unburnt Grid 1a, the capture frequency of honey possums and dunnarts
remained quite stable; honey possums were still recorded in 100 % of sessions
following the fire, while dunnarts increased slightly, from 29 to 40 % of sessions
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after the fire. No house mice were recorded at Grid 1a after the fire. However,
at Grid 1b, the frequency of capture of honey possums declined by 10 % after
the fire, dunnarts were recorded during 20 % of sessions after the fire, a slight
increase. No house mice were recorded in the five years before the fire, but
they were recorded in 30 % of sessions after the fire (Table 6.7).

The turnover rates of bush rats and dunnarts at Areas 1, 3 and 4 were also
examined. As mentioned earlier, during trapping sessions between March 2000
and September 2002, individuals were marked with a unique, identifiable ear
notch number (see Section 6.2.2) making it possible to examine the turnover
rate of individuals between trapping sessions. For this purpose, the turnover
rate was defined as the percentage of all different individuals caught (i.e. not all
captures) during a trapping session, that were unmarked. Given the low
number of captures, data were pooled for Grids 1a and 1b (Area 1), for Grids 3a
and 3b (Area 3), and for Grids 4a and 4b (Area 4).

Average turnover rate (%)
Bush rats

Dunnarts

Area 1
Number of different individuals

57 %
(35)

100 %
(11)

Area 3
Number of different individuals

55 %
(38)

66 %
(47)

Area 4
Number of different individuals

69 %
(16)

57 %
(30)
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From the above table, it is clear that a similar turnover rate of bush rats was
recorded for Areas 1 and 3, with almost half of all different individuals caught in
these two areas being recaptures from previous trapping sessions. The
turnover rate of bush rats in the most recently burnt area, Area 4, was
somewhat higher, although the total number of different individuals caught was
more than half that at both Areas 1 and 3. The turnover rates of dunnarts were
quite different. There was a total turnover of dunnarts in the long unburnt Area
1, compared to lower rates at Areas 3 and 4.

The limited nature of these data made detailed statistical analyses
inappropriate. Instead, the data have been presented visually, separately for
bush rats (Figure 6.11) and dunnarts (Figure 6.12), but only for those grids that
recorded recaptures between trapping sessions. In addition, some
observations of interest have been noted below.

-

Of the 12 bush rats caught during at least two different trapping
sessions between 2000 and 2002, 67 % were female, 17 % were male,
and 17 % were not sexed. Eighty-three per cent of these individuals
were last caught less than 13 months after their initial capture, but two
were caught over periods exceeding 15 months. These two cases were
a female, first caught as an adult at Grid 3a in May 2000, then caught
during a further eight sessions, and finally captured at Grid 3a in January
2002, some 20 months after her initial capture. During this time it
appears that she was quite sedentary with seven of the nine captures of
this individual along one of two nearby trap lines at Grid 3a. The other
two captures were at the nearby Grid 3b in July and September 2001.
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The other case was also an adult female, first caught at Grid 1a in April
2001. She was subsequently caught in July and September 2001, and
was last caught 12 months later, some 17 months after she was first caught,
in September 2002, still at Grid 1a. Three of four captures of this female
were along the same trap line, and one capture, in July 2001, was along a
different, but nearby, trap line.

-

Of the 15 dunnarts caught during at least two different trapping sessions
between 2000 and 2002, 60 % were male and 40 % were female. Sixty per
cent of these individuals were last caught less than seven months after their
initial capture, 20 % less than 16 months, but the other 20 % (3 individuals)
were caught over periods exceeding 15 months. These exceptional cases
comprised a large juvenile male first caught at Grid 3a in October 2000,
again in May 2001 (still at Grid 3a and still of juvenile body mass), next
caught some 11 months later at the nearby Grid 3b in April 2002, as an
adult, and lastly caught in July 2002, some 21 months after his initial
capture, again at Grid 3b. A juvenile female first caught in March 2000 at
Grid 3a, was recaptured only once, some 19 months later at Grid 4b, at
which time she was a large adult. The final case was a male first caught on
the cusp of adult size, at Grid 3b in May 2001. He was subsequently caught
as an adult the following month, again at Grid 3b, and then recaptured some
15 months later, and 16 months after his initial capture, as a large adult at
the nearby Grid 3a in September 2002.
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-

It is also worth noting that all six female dunnarts captured between 1984
and 2002 with young on the belly were caught in October (spring). Three
females were caught in vegetation burnt just 3 - 4 years earlier, one was
caught in vegetation burnt some 11 years earlier, and two were caught in
vegetation unburnt for > 30 years. Of the four females for which the number
of young was recorded, litter size ranged from 6 to 8 young.

-

Most of the house mice that were caught were not recaptured in later
trapping sessions. However, two individuals were caught on multiple
trapping sessions. These included an adult female, first caught at Grid 4a in
May 2000, who was subsequently caught some 11 months later at the
nearby Grid 4b, in April 2001. Another adult, not sexed, who was first
caught in May 2000 at Grid 4b, was caught some five months later at Grid
4a.

-

There were no recaptures between trapping sessions for any of the ashgrey mice caught between 2000 and 2002. Only single individuals were
captured within a trapping session, although some recaptures of the same
individual within a session were recorded.

6.5

Discussion

The response patterns of most small mammal species after fire are related to
their shelter, food and breeding requirements (Friend and Wayne 2003). In the
Fitzgerald River National Park, the honey possum was by far the most abundant
small mammal, trapped in pitfall traps, within all successional vegetation ages.
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Honey possums accounted for between 69 % (Area 4) and 93 % (Area 1) of all
the individual small mammals caught between March 2000 and September
2002. Species richness differed little between the four areas studied during this
period. Honey possums, grey-bellied dunnarts, house mice and bush rats were
captured at all areas, albeit at different abundances. In contrast, the ash-grey
mouse was only captured at the area burnt in 1989 and another area burnt in
1998, but very few individuals were caught. Even fewer western pygmy
possums were caught, although enough to establish that they were sometimes
present at the sites studied.

Of those small mammals that were recorded more often at the study sites, the
abundance of each species differed between long unburnt and more recently
burnt areas. House mice were trapped in low numbers, on occasion, even
within vegetation long unburnt (> 40 years since last burnt). More surprisingly,
following the 1989 fire, the number of house mice increased at Areas 1 and 4,
even though these areas remained long unburnt, but they were at a lower
abundance than at Area 3 where the above-ground vegetation had been
removed by the fire. The 1989 fire was on a large scale (123,000 ha) and very
intense (McCaw et al. 1992), and it is thought that the house mice caught in the
long unburnt area were transients moving towards the burnt areas to feed on
the rich seed release and rapid growth of vegetation that follows fire. Following
the 1998 fire, however, no such increase in house mice was recorded in the
area that was still long unburnt (Area 1), presumably because of the smaller
scale of the more recent fire, and a lower trapping effort in the two years after
this fire than following the 1989 fire.
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House mice appeared quickly and increased rapidly at areas recently burnt, as
has long been noted by other authors (e.g. Newsome et al. 1975, Fox 1982,
Attiwill and Wilson 2003). At Area 3, burnt in December 1989, house mice were
first caught in March 1990, the second post-fire trapping session. At Grid 3a,
the only grid in this area that was trapped intensively following the fire; house
mice were captured during every trapping session up to and including April
1992. At Area 4, burnt in May 1998, the first house mouse was recorded during
the first trapping session after the fire, in June 1998. Although low numbers of
house mice were recorded in the areas long unburnt prior to the fire, their
immediate appearance and rapid increase in abundance suggests that many of
the early colonists had come from the farmland surrounding the western end of
the Park; this would also explain their increased presence in the long unburnt
areas following the fire. Once established, the house mouse can increase
breeding in response to the copious seeds and regenerating vegetation upon
which they feed (Attiwill and Wilson 2003). The rapid increase in house mice,
post-disturbance opportunists, is a common occurrence following fire (Friend
and Wayne 2003).

The grey-bellied dunnart was the only dasyurid recorded in the study areas,
where it was trapped within vegetation last burnt some 3, 12, 22 and > 50 years
earlier, but most often within the vegetation burnt 3 and 12 years earlier. A
study by Chapman (1985), also in the Fitzgerald River National Park, trapped
dunnarts in vegetation last burnt 5, 26 and > 27 years earlier, but not in
vegetation burnt 15 years earlier. He found them to be most abundant in
vegetation last burnt 5 years earlier. The greater frequency with which dunnarts
were trapped in the more recently burnt areas was most probably a response to
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the availability of insects, many of which feed on the regenerating vegetation.
An increase in insect prey can presumably support a greater abundance of
dunnarts in these areas, although the abundance of insects was not
documented. In the present study, dunnarts did not reappear in areas that had
been burnt until almost two years after fire. At Area 3, the first dunnart trapped
after the 1989 fire was in October 1991, some 22 months after the fire.
Similarly, at Area 4, the first dunnart trapped after the 1998 fire was also some
22 months after fire, in March 2000. The later return of dunnarts to areas
recently burnt has been attributed to their synchronous, monoestrous
reproductive pattern, which may benefit from a more stable environment
(Bamford 1986).

Bush rats were trapped more frequently within vegetation burnt 12 and > 50
years earlier, than within vegetation burnt 3 or 22 years earlier. Curiously, only
three bush rats were caught during eight trapping sessions at the area burnt 22
years earlier. This is anomalous given the maturity of the vegetation at this grid
and the density of the vegetation it provides. Presumably the lack of bush rats
at this area is due to factors other than those examined in the present study,
such as an increased presence of predators. It is worth noting that more tiger
snakes were sighted and caught at this area than in any other area used in the
study (R. Wooller, personal communication).

Juvenile bush rats appeared quickly following the 1989 fire, but box trapping did
not commence until some ten years after this fire, so that the re-establishment
of adult bush rats could not be accurately determined. Nonetheless, at Area 3,
the first bush rat captured after fire was a juvenile, caught in January 1990, less
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than one month after the fire. At Area 4, the first bush rat captured after the
1998 fire was a large juvenile, caught in May 2000 some 24 months after the
fire, and the first adult bush rat, captured in a box trap, was in October 2000.
It has been reported elsewhere that juvenile bush rats disperse from unburnt
areas into burnt areas (Lunney 1998), but in the present study, no juveniles
caught in the recently burnt area were recaptured there between trapping
sessions. This may imply that recently burnt areas do not provide sufficient
resources to support bush rats without the use of longer unburnt patches of
vegetation nearby.

Previous studies have suggested that native mice are disturbance opportunists
and, thus, early colonisers, with abundance highest in the first few years after
fire (e.g. Fox 1982, Friend 1993, Friend and Wayne 2003). Too few captures of
the ash-grey mouse were recorded in the present study to determine any
preference they may have for a particular post-fire successional vegetation age
in the Park. However, individuals were trapped in areas burnt some 4 - 5, 7 - 8,
10 - 11, 11 - 12 and 12 - 13 years earlier. Both Chapman (1985) and Friend
and Wayne (2003) reported similar preferences in successional ages.
Chapman (1985) trapped them in vegetation burnt 5 and > 27 years earlier, but
not in vegetation burnt 15 or 26 years earlier, although he recorded greatest
abundance in the area burnt just 5 years earlier. Friend (unpublished in Friend
and Wayne 2003) trapped more ash-grey mice in vegetation burnt just 8 years
earlier, than in vegetation unburnt for 50 years. In the present study, it is
possible that some individuals of this species were also trapped in vegetation
unburnt for > 30 years, but correct species identification of these captures was
not confirmed.
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The trends in captures presented above are in accord with earlier studies of the
impact of fire on small mammals in forest throughout south-eastern Australia
(e.g. Fox 1990) and in mallee heathland throughout Australia (see review by
Friend 1993). Fox (1982) proposed a “habitat accommodation” model, whereby
the succession of small mammals occurs in response to changes in the
vegetation. Species enter the succession when their specific requirements are
met and decline in abundance as the conditions become sub-optimal. In the
present study, patterns of succession appeared to be temporally and spatially
similar following both the fire in December 1989 (Area 3) and that in May 1998
(Area 4). Vegetation at both these areas was long unburnt before the fires.
The general trend observed at both times and areas was for the early and rapid
establishment of the introduced house mouse (between 1 and 24 months after
fire), followed by a transitional period when the increase in house mice slowed
and the first dunnarts were captured (between 24 and 48 months after fire).
Between 60 and 96 months after fire, house mice were no longer trapped
(except for intermittent low captures) and dunnarts continued to increase in
abundance.

The placement of bush rats in this succession could not be accurately
determined from the data collected, as no box traps were used prior to 2000.
However, based on the data collected between 2000 and 2002, it seems likely
that, within this heathland, adult bush rats are a mid-to-late successional
species, preferring vegetation unburnt for at least ten years. At this age, the
vegetation would provide the dense vegetation cover below 50 cm that bush
rats prefer (Lunney et al. 1987). Nonetheless, some adults were captured in
vegetation as early as 29 months after fire. Not surprisingly, given their
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specialised dietary requirements (Wooller et al. 1993), honey possums are
another late successional species, reaching greatest abundance in vegetation
unburnt for about 30 years. However, as just noted for bush rats, some honey
possums were captured in recently burnt areas, although their abundance
remained low during the first 4 - 5 years after fire.

Trends of captures between 2000 and 2002 were similar for dunnarts, house
mice and bush rats at the two grids with the same successional age at Area 1
and also at Area 3. At Area 4, however, trends of capture differed between the
two grids there. This area had more captures of house mice, and fewer
captures of both dunnarts and bush rats at Grid 4a, than at Grid 4b. Although
not explored further, it is likely that these differences may be attributable to
spatial differences between the grids in the availability of food resources, such
as seeds and insects.

In general, if honey possums are exempted, house mice dominated the
remaining captures of small mammals within vegetation burnt some 2 - 4 years
earlier, dunnarts dominated within vegetation burnt 11 - 13 years earlier, and
bush rats dominated within vegetation unburnt for > 50 years. Not surprisingly,
the turnover rate of bush rats was greatest at the area most recently burnt and
similar at the area burnt 11 - 13 years earlier, as well as at the area long
unburnt. The number of different bush rats captured was also similar at these
two areas, with far fewer individuals captured in the recently burnt area. In
contrast, the turnover of dunnarts was greatest at the long unburnt area, lowest
at the recently burnt area, and intermediate at the area burnt 11 - 13 years
earlier. The number of different dunnarts captured was lowest at the long
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unburnt area, highest at the area burnt 11 - 13 years earlier, with somewhat
fewer individuals in the most recently burnt area. Indeed, Chapman (1995a)
has suggested that dunnarts appear to adapt well to relatively frequent burning
in the Fitzgerald River National Park.

Overall, the data on the small mammal assemblage considered in the present
study, in one south-western Australian coastal heathland, appears to be
congruent with the “habitat accommodation” model first proposed by Fox
(1982), with temporal changes recorded in the relative abundances of the small
mammal species during the recovery of the vegetation after fire.
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Table 6.2 Summary of box trapping effort for small mammals in the Fitzgerald River National Park from
May 2000 to September 2002. A summary of total trap-nights is shown in brackets.

Total trapping sessions

Area

Grid

First
trapping
session

1

1a
1b

Jul 2000
Jul 2000

1
1

2
2

2
2

3
3

8 (384)
8 (384)

2

2

Oct 2000

1

2

2

3

8 (384)

3

3a
3b

May 2000
Jul 2000

2
1

4
3

1
2

3
3

10 (480)
9 (432)

4

4a
4b

May 2000
May 2000

2
2

4
4

2
2

3
3

11 (528)
11 (528)

10 (480)

21 (1,008)

13 (624)

21 (1,008)

65 (3,120)

Summer
1 Dec - 28 Feb

Autumn
1 Mar - 31 May

Winter
1Jun - 31 Aug

Spring
1 Sep - 30 Nov

Total

Table 6.3 The percentage of pitfall and box trapping sessions during which at least one honey possum, grey-bellied
dunnart, house mouse, ash-grey mouse and bush rat, was captured. Data are presented for trapping sessions
between March 2000 and September 2002. No box trapping data were available for Grid 3c.

Pitfall traps

Grid

Box traps

1a

1b

2

3a

3b

3c

4a

4b

1a

1b

2

3a

3b

4a

4b

Honey possum

100

90

100

100

100

100

91

82

0

0

0

0

0

0

0

Dunnart

40

20

11

83

57

55

73

82

0

0

0

0

0

0

0

House mouse

0

30

56

17

14

18

45

36

0

0

13

10

0

45

18

Ash-grey mouse

0

0

0

33

0

9

9

0

0

0

0

0

0

0

0

Bush rat

10

10

11

0

14

0

9

0

75

63

38

100

56

27

64

Total sessions

10

10

9

12

14

11

11

11

8

8

8

10

9

11

11

Table 6.5 The percentage frequency distributions by species of all small
mammals caught in pitfall traps at each grid. Values are derived from the
number of different individuals (i.e. all individuals caught for the first time
during a trapping session, either as an unmarked animal or an animal
marked during an earlier session; recaptures within a trapping session
were not included), of each species caught during pitfall trapping sessions
between March 2000 and September 2002.

Grid

Honey
possum

Grey-bellied
dunnart

House
mouse

Ash-grey
mouse

Juvenile
bush rat

Adult
bush rat

1a

95

5

0

0

<1

0

1b

91

4

4

0

2

0

2

93

<1

6

0

<1

0

3a

85

9

4

2

0

0

3b

91

8

<1

0

< 0.5

< 0.5

3c

95

4

<1

< 0.5

0

0

4a

62

17

20

1

1

0

4b

76

17

7

0

0

0

Average

88

7

4

< 0.5

< 0.5

< 0.5

Table 6.6 Summary of trap success for two small mammal species,
the bush rat (top) and the house mouse (bottom), that were caught
in box traps. Data presented are the number of different individuals
caught (i.e. all individuals caught for the first time during a trapping
session, either as an unmarked animal or an animal marked during an
earlier session; recaptures within a trapping session were not included),
and the trap success (%), for box trapping sessions between May 2000
and September 2002. All trapping sessions were standardised to 48
trap-nights. No box trapping data were available for Grid 3c.

Grid

Number
of
sessions

Bush rat
Number of different
individuals caught

Trap success

1a
1b

8
8

21
11

5.5
2.9

2

8

3

0.8

3a
3b

10
9

25
12

5.2
2.8

4a
4b

11
11

3
11

0.6
2.1

Grid

Number
of
sessions

House mouse
Number of different
individuals caught

Trap success

1a
1b

8
8

0
0

0
0

2

8

1

0.3

3a
3b

10
9

1
0

0.2
0

4a
4b

11
11

6
4

1.1
0.8

Table 6.7 The percentage of sessions during which at least one honey possum, grey-bellied dunnart, house
mouse and ash-grey mouse was caught in the five years before, and five years after fire. Data shown are for
Grid 3a before and after the 1989 fire (top) and for Grids 4a and 4b before and after the 1998 fire (bottom).
Grids 1a and 1b were long unburnt throughout, and had not been burnt for > 40 years.

Percentage of sessions during which at least one individual was caught
during the five years before a fire (January 1985 to December 1989) and
during the five years after the same fire (January 1990 to December 1994)

Grid

Number of sessions
before fire/after fire

Honey possum

Dunnart

House mouse

Ash-grey mouse

Before

After

Before

After

Before

After

Before

After

3a

26/23

100

87

23

43

8

83

4

0

1a

25/29

100

100

16

14

4

41

4

0

1b

27/29

100

100

22

21

11

28

7

0

Percentage of sessions during which at least one individual was caught
during the five years before a fire (June 1993 to May 1998) and during
the five years after the same fire (June 1998 to September 2002)

Grid

Number of sessions
before fire/after fire

Honey possum

Dunnart

House mouse

Ash-grey mouse

Before

After

Before

After

Before

After

Before

After

4a

8/12

100

83

38

67

25

58

0

8

4b

7/11

100

82

29

82

14

45

0

0

1a

7/10

100

100

29

40

29

0

0

0

1b

7/10

100

90

14

20

0

30

0

0
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Figure 6.1 Layout of trapping grid. Each pitfall trap was labelled with a
letter and number (as shown), and all traps were 5 m apart. When used,
box traps were placed within 1 m of every third pitfall trap (i.e. 15 m apart),
indicated above by a shaded trap number.
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Figure 6.2 The cumulative total of all captures (i.e. new individuals plus
recaptures within each trapping session) of grey-bellied dunnarts house
mice and ash-grey mice . Data are for all three-night (i.e. 300 trapnights) pitfall trapping sessions between 1984 and 2002. A small ↓ symbol
indicates that there was a fire in one of the other trapping areas, but not
within the trapping area for which the data are presented (i.e. there was no
removal of above-ground vegetation at the trapping grids).

160

↓

Grid 2

60

↓

50
40
30
20

Dec-01

Dec-00

Dec-99

Dec-98

Dec-97

Dec-96

Dec-95

Dec-94

Dec-93

Dec-92

Dec-91

Dec-90

Dec-89

Dec-88

Dec-87

Dec-86

Dec-85

0

Dec-84

10
Dec-83

Cumulative total of all captures

70

Date
Figure 6.3 The cumulative total of all captures (i.e. new individuals plus
recaptures within each trapping session) of grey-bellied dunnarts and
house mice . No ash-grey mice were caught at this grid. Data are for all
three-night (i.e. 300 trap-nights) pitfall trapping sessions between 1984 and
2002. A small ↓ symbol indicates that there was a fire in one of the other
trapping areas, but not within the trapping area for which the data are
presented (i.e. there was no removal of above-ground vegetation at the
trapping grids).
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Figure 6.4 The cumulative total of all captures (i.e. new individuals plus
recaptures within each trapping session) of grey-bellied dunnarts house
mice and ash-grey mice . Data are for all three-night (i.e. 300 trapnights) pitfall trapping sessions between 1984 and 2002. A small ↓ symbol
indicates that there was a fire in one of the other trapping areas, but not
within the trapping area for which the data are presented (i.e. there was no
removal of above-ground vegetation at the trapping grids). A large ↓ symbol
indicates a fire within the trapping area for which the data are presented (i.e.
there was substantial removal of above-ground vegetation at the trapping
grids). No data were available for Grids 3b prior to 1991, nor for Grid 3c
prior to 1992.
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Figure 6.5 The cumulative total of all captures (i.e. new individuals plus
recaptures within each trapping session) of grey-bellied dunnarts house
mice and ash-grey mice . Data are for all three-night (i.e. 300 trapnights) pitfall trapping sessions between 1984 and 2002. A small ↓ symbol
indicates that there was a fire in one of the other trapping areas, but not
within the trapping area for which the data are presented (i.e. there was no
removal of above-ground vegetation at the trapping grids). A large ↓ symbol
indicates a fire within the trapping area for which the data are presented (i.e.
there was substantial removal of above-ground vegetation at the trapping
grids). No data were available for Grids 4a or 4b prior to 1991.
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Figure 6.6 The cumulative total of new individuals (i.e. only animals caught
for the first time) of grey-bellied dunnarts house mice and bush rats .
No ash-grey mice were caught. Data are presented collectively for all threenight pitfall (i.e. 300 trap-nights) and box (i.e. 48 trap-nights) trapping
sessions between March 2000 and September 2002.
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Figure 6.7 The cumulative total of new individuals (i.e. only animals caught
for the first time) of grey-bellied dunnarts house mice and bush rats .
No ash-grey mice were caught. Data are presented collectively for all threenight pitfall (i.e. 300 trap-nights) and box (i.e. 48 trap-nights) trapping
sessions between March 2000 and September 2002.
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Figure 6.8 The cumulative total of new individuals (i.e. only animals caught
for the first time) of grey-bellied dunnarts house mice ash-grey mice
and bush rats . Data are presented collectively for all three-night pitfall
(i.e. 300 trap-nights) and box (i.e. 48 trap-nights) trapping sessions between
March 2000 and September 2002.
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Figure 6.9 The cumulative total of new individuals (i.e. only animals caught
for the first time) of grey-bellied dunnarts house mice ash-grey mice
and bush rats . Data are presented collectively for all three-night pitfall
(i.e. 300 trap-nights) and box (i.e. 48 trap-nights) trapping sessions between
March 2000 and September 2002.
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Figure 6.10 The percentage of captures of new individuals (i.e. only
individuals caught for the first time) of the grey-bellied dunnart
house
mouse
ash-grey mouse
and bush rat , but excluding the honey
possum, caught in both pitfall and box traps between March 2000 and
September 2002. Data are presented for captures at Grids 4a and 4b (top)
which had been burnt two to four years earlier in May 1998, Grids 3a and 3b
(centre) which had been burnt ten to 12 years earlier in December 1989 and
Grids 1a and 1b (bottom) which had not been burnt for well over 50 years.
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Figure 6.11 The cumulative total of new bush rats captured per session
(i.e. only individuals caught for the first time) plotted against the cumulative total
of different individuals captured per session (i.e. all individuals caught for the
first time during a trapping session, either as an unmarked animal or as an
animal marked during an earlier session). Data are presented for trapping
sessions between March 2000 and September 2002, but only for trapping grids
at which there were recaptures between sessions of bush rats, irrespective of
the grid at which they were first caught and marked.
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Figure 6.12 The cumulative total of new grey-bellied dunnarts captured per
session (i.e. only individuals caught for the first time) plotted against the
cumulative total of different individuals captured per session (i.e. all individuals
caught for the first time during a trapping session, either as an unmarked animal
or as an animal marked during an earlier session). Data are presented for
trapping sessions between March 2000 and September 2002, but only for
trapping grids at which there were recaptures between sessions of dunnarts,
irrespective of the grid at which they were first caught and marked.
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Chapter 7. Pollen loads carried by small mammals other than
honey possums
7.1

Introduction

Pollen loads were studied as a guide to the feeding preferences of honey
possums. However, they also provided the opportunity to investigate whether
the grey-bellied dunnart (insectivorous/carnivorous), house mouse or bush rat
(both omnivorous) also visited plants and, if so, whether they were the same
plant species known to be visited by the nectarivorous honey possum (see
Section 5.4).

7.2

Methods

The pollen carried on the heads and snouts of small mammals was sampled
between May 2000 and September 2002 using the technique of Wooller et al.
(1983a). The procedure has been described more fully earlier, in Section 5.2.

Samples were taken from most of the small mammals caught during the markrecapture study, and at least ten samples were analysed for each of the four
seasons, for each species. The only exception to this protocol was when less
than ten slides (samples) existed for a season, for a species. In such cases, all
slides available were analysed. Furthermore, considerably fewer slides were
analysed for house mice, than for either grey-bellied dunnarts or bush rats.
This reflected fewer captures of house mice than of the other two species.
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7.3

Statistical analyses

Data are presented for grey-bellied dunnarts, house mice and bush rats,
separately by each of the four seasons. Although three samples taken from
ash-grey mice were analysed, these data have not been presented. Due to low
sample sizes, data have not been presented by trapping grid or by trapping
area. Instead, all samples for each species have been pooled so that interspecies comparisons could be made. In addition, small samples sizes meant
that loads taken from juveniles and adults were pooled. No samples were taken
from individuals caught at Grid 3c because samples came from two other grids
at this area. Data presented are from samples taken during the summers of
2000/01 and 2001/02, and from autumn, winter and spring of 2000, 2001 and
2002. Species were compared on the basis of the percentage frequency of
occurrence of pollen types, and the number of different pollen types, recorded in
samples.

7.4

Results

In total, more than 12 different plant species were recorded in pollen loads
taken from grey-bellied dunnarts and house mice, and more than 13 species in
loads taken from bush rats. The scientific names, and life forms, of these plant
species have been listed earlier in Table 5.1, but most were bushes or shrubs
less than 1 - 2 m in height.

Tables 7.1 to 7.4 present the percentage frequency of occurrence of the
different pollen types recorded in samples of pollen taken from the fur on the
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head and snout of the small mammals. Data are presented separately for each
season, with 171 samples analysed overall.

Number of pollen loads analysed
Species

Summer

Autumn

Winter

Spring

Total

Dunnarts

8

20

24

15

67

House mice

0

11

7

8

26

Bush rats

17

21

14

26

78

Total

25

52

45

49

171

From samples taken during summer, there was some indication that Banksia
nutans was visited by some bush rats and dunnarts, with B. nutans grains
present in 65 % of samples taken from bush rats, and 38 % of samples taken
from dunnarts. No other pollen type featured in more than 35 % of samples
from either species, although 50 % of the dunnarts sampled during summer
carried unidentified pollen grains (Table 7.1). It is worth noting that three of
seven samples taken from bush rats, and two of five samples taken from
dunnarts at an area burnt 2 - 4 years earlier (Area 4), carried B. nutans pollen,
despite this species not yet flowering in that area.

There were no prominent pollen types represented in samples taken from any
of the three species of small mammals during autumn, although a small number
of samples taken from all three small mammals included Calothamnus gracilis
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(14 - 25 %), Eucalyptus buprestium (9 - 35 %) and Beaufortia spp. (9 - 10 %)
(Table 7.2).

From samples taken during winter, there was some indication that Banksia
baueri was visited by some bush rats and dunnarts, with these grains present in
57 % of samples taken from bush rats and 46 % of samples taken from
dunnarts, over the winter months. Calothamnus gracilis was also recorded in
46 % of samples taken from dunnarts. No one pollen type was represented in
more than 29 % of samples taken from house mice over the winter months,
although 43 % of the mice sampled carried unidentified pollen grains (Table
7.3).

During the spring months of September to November, the prostrate Banksia
repens was the only banksia species represented in pollen loads, but no more
than 27% of samples taken from each small mammal species carried this
pollen. However, 50 % of house mice and bush rats carried grains from
Dryandra falcata, as did 27 % of dunnarts. Calothamnus gracilis also figured
prominently in spring samples, being represented in 50 % of samples taken
from house mice, 40 % of samples taken from dunnarts, and in 38 % of
samples taken from bush rats. The only other pollen type present in more than
35 % of samples was D. nivea, a nectar-rich prostrate plant, recorded in 38 % of
the samples taken from bush rats (Table 7.4). It is worth noting, that two of six
samples taken from house mice, and two of nine samples taken from bush rats,
at Area 4, carried D. falcata pollen, and two of nine samples from bush rats
carried D. nivea pollen, despite neither of these two plants yet flowering in this
recently burnt area.
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As noted above, only one or two plant species tended to dominate the pollen
samples during any season, although up to seven different pollen types were
recorded in a sample (Figure 7.1). During summer, up to four different pollen
types were recorded in samples taken from dunnarts and bush rats, but about
half of the individuals sampled carried less than two different pollen types (50 %
and 53 % respectively). During autumn, the number of samples containing less
than two different pollen types was even higher, with more than 80 % of dunnart
samples, and more than 70 % of house mice and bush rat samples comprising
less than two different pollen types (Figure 7.1).

Similar numbers of samples taken over winter and spring months carried less
than two different pollen types, values similar to those recorded for summer
samples (Figure 7.1). For dunnarts, 54 % of samples taken during winter, and
53 % of those taken during spring, comprised less than two pollen types; the
values for house mice samples were slightly lower at 43 % and 50 %
respectively. For bush rats, the values were 57 % of samples taken during
winter and 46 % of samples taken during spring (Figure 7.1).
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7.5

Discussion

The pollen loads carried by grey-bellied dunnarts, house mice and bush rats,
were used as a measure of plant visitation. Unlike the nectarivorous honey
possum, all other non-flying mammals, even pygmy possums, derive a
substantial part of their nutrition from sources other than flower products
(Goldingay and Carthew 1997). Indeed, the insectivorous dunnart, and
omnivorous house mouse and bush rat, consume invertebrates and plant
matter (e.g. seeds) as the bulk of their respective diets. Nonetheless, it has
been widely reported that many small mammal species, both flying (e.g.
Carthew 1994, Goldingay and Carthew 1997, Jackson 2001, Law 2001) and
non-flying (e.g. Turner 1984, Carthew 1994, Barrett 1995, Goldingay and
Carthew 1997, Saffer 1998, Evans and Bunce 2000, Goldingay 2000) will visit
inflorescences for pollen and/or nectar to supplement their main diet.

Although pollen on small mammals other than honey possums came from 13
different plant species, most of these plants were poorly represented in the
pollen loads, as also found by Barrett (1995). Interestingly, the pollen types
sampled most often on dunnarts, house mice and bush rats in the present study
were from the same plant species frequently visited by honey possums. Some
consumption of pollen and/or nectar is not uncommon for many small
mammals, whose diets are influenced by the seasonal availability of different
dietary resources. Pollen can supply the protein that may be limiting when the
abundance of insects is low, whilst nectar can provide energy (Turner 1984,
Jackson 2001). The difficulty with pollen loads taken from mammals that have
a omnivorous and/or generalised diet, however, is distinguishing incidental
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contact with pollen when foraging for other food items, from purposeful contact
resulting from pollen and/or nectar intake.

One method often used to distinguish pollen contact from pollen ingestion is to
examine faecal samples collected from small mammals. A study of faecal
samples collected by Saffer (1998) indicated that pollen was present in 11 of 19
samples from dunnarts in the Fitzgerald River National Park. None of the 10
samples collected from bush rats contained pollen and one of just two samples
collected from house mice contained pollen (ibid). However, the loads of pollen
expelled in the faeces were very low, particularly compared to loads in the
faeces of honey possums in the same area (ibid). In contrast, 84 % of the
dunnart samples and 70 % of the bush rat samples contained invertebrate
remains; the two samples taken from house mice were void of invertebrate
remains (ibid). The common occurrence of insects and their larvae on flowering
Banksia inflorescences (Scott 1982) may be what attracts, in at least some
cases, these other small mammals to the flowering inflorescences, rather than
them visiting these plants solely for pollen or nectar. In this manner, it would be
possible for them incidentally to accumulate pollen (Barrett 1995). In any case,
the generally small pollen loads indicate that these other small mammals do not
pose serious competition to honey possums, a small mammal that does rely
upon pollen and nectar for survival.
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Chapter 8. The impact of fire upon the availability of foodplants

8.1

Introduction

Fire abruptly, and often severely, modifies small mammal habitat by reducing
food supply and removing cover (Bowland and Perrin 1988), and the responses
to fire of many animals are mediated by the changes to these critical resources
(Driessen et al. 1991). It is not surprising, therefore, that the honey possum, a
highly specialised, non-flying small mammal that is dependent on a limited suite
of nectar- and/or pollen-rich plants to meet all of its nutritional requirements, is
severely impacted by fire (see Section 4.5.1).

The regeneration of vegetation not only provides cover and shelter (see Section
9.3), but also those proteaceaeous and myrtaceaeous plant species upon
whose flowers the honey possum most often feeds. Both are likely to be of
great importance to the honey possum following a fire. Thus, the availability or
absence of flowering foodplants might contribute to the observed reduction in
the capture rates of honey possums following fire, as detailed in Section 4.5.1.
This chapter reports information on the heights and flowering phenology of
some potential foodplants of honey possums in relation to the time since the
vegetation was last burnt.
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8.2

Methods

8.2.1 Size-class distributions of three potential foodplants

The height of 50 plants each of Banksia baueri, B. nutans, and Dryandra
plumosa at each of Grids 1a, 1b, 2, 3a, 3b, 4a and 4b were measured in March
2003. At this time, the age of the vegetation at the grids ranged from nearly five
years old (Grids 4a and 4b) to > 50 years old (Grids 1a and 1b). These three
foodplants featured prominently in the study of pollen loads (see Section 5.4)
and were present in samples taken from individuals caught in the most recently
burnt Area 4, as well as from animals caught in areas longer unburnt. The two
banksia species regenerate only from seed, and grow only slowly, whilst
D. plumosa can regenerate from an underground lignotuber, as well as from
seed (George 1984). Together, these three species were thought to be
reasonably representative of the potential foodplants of honey possums.

The heights of the first 50 plants of each of these species encountered at each
grid were measured to ± 1 cm. The only exception to this protocol was at Grids
1a and 1b, dense and long unburnt, where only 30 plants of B. baueri and
B. nutans were measured, and then only plants which could be accessed
without undue trampling of the vegetation; this minimised the risk of vegetation
damage and disturbance to fauna. In addition, only 19 D. plumosa plants were
visible from the tracks at Grid 1a, and only 4 plants at Grid 1b; thus, only these
23 plants were measured at this area.
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8.2.2 Flowering indices of three potential foodplants

A flowering index was recorded for each of the species whose heights were
measured (see Section 8.2.1). This flowering index was the minimal number of
inflorescences, both developing, fresh, and those from previous seasons, on
each plant measured. Those plants that had yet to flower were recorded as
such. Developing, fresh and older inflorescences were recorded because the
study was completed at the beginning of autumn when at least two of the three
plant species were not in their normal flowering period; Banksia baueri is a
winter flowering plant and B. nutans a summer flowering plant, whereas
Dryandra plumosa flowers for much of the year. Only some indication of
whether plants had flowered was sought, so that no detailed statistical analyses
were performed.

8.2.3 Flowering phenology of potential foodplants

The potential foodplants that were in flower on one day of one field-trip during
summer 2000/01, autumn 2001, winter 2001, spring 2001 and summer 2001/02,
were recorded for at least one of the grids at each of the three trapping areas.
To comprehensively list those plants in flower, I walked up every trap-line and
made a record of each different plant species in flower within 2.5 m of the trapline. In total, the entire trapping grid was surveyed. Only plants that were in
flower on the day of the survey were recorded (i.e. developing and old flowers
were not included). No attempt was made to record the density of each
species, nor the intensity of flowering at a grid. In addition, no record of
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Dryandra plumosa flowering was made due to the difficulty in distinguishing
fresh flowers from older ones in this species.

It is important to reiterate that only the potential foodplants that were in flower at
the time of each survey have been reported and, therefore, the results
presented do not represent a complete portrayal of all foodplants that flowered
at a grid during a whole season.

8.3

Results

8.3.1 Size-class distributions of three potential foodplants

Table 8.1 shows the median and mean (± 1 S.E.) height for the Banksia baueri,
B. nutans and Dryandra plumosa plants measured at each of the seven
trapping grids. In general, the median and mean heights of all three species
were similar at trapping grids in the same area (Table 8.1). All three species
were taller in areas longer unburnt and, even in the area unburnt for some 23
years (Area 2), may still have been increasing in size (Table 8.1)

Figure 8.1 shows the percentage frequency distributions of seven height
categories for each of the foodplant species measured. Almost all plants
sampled at Grids 4a and 4b, and also at Grids 3a and 3b, were less than 76 cm
in height, and all were less than 101 cm (Figure 8.1). In contrast, at Grids 1a
and 1b, 80 % or more of the B. baueri plants and more than 90 % of B. nutans
plants sampled were taller than 75 cm, and all of the D. plumosa plants were

222

taller than 50 cm (Figure 8.1). Plants at Grid 2 were, on average, similar in
height to those at Grids 1a and 1b (Figure 8.1).

8.3.2 Flowering indices of three potential foodplants

Shown in Figure 8.2 are the percentage frequency distributions of the indices of
flowering for the Banksia baueri, B. nutans and Dryandra plumosa plants
sampled. At Area 4, most recently burnt in May 1998, none of the
B. baueri plants sampled in March 2003 showed any evidence of flowering
(Figure 8.2), even though the first post-fire record of flowering by B. baueri at
this area was in July 2002. Of the B. baueri plants sampled at Area 3, most
(95 %) had less than three inflorescences, and many (44 %) had still not
flowered (Figure 8.2). In contrast, all B. baueri plants at Area 2 had at least one
inflorescence, and many (68 %) had three or more (Figure 8.2). At Area 1, all
had at least two inflorescences and most (87 %) had more than three (Figure
8.2).

Of the B. nutans plants sampled at Area 4, only 1 % showed any evidence of
flowering (Figure 8.2). It is also worth noting, however, that another eight plants
within the boundaries of Grids 4a and 4b had shown evidence of flowering since
the fire in 1998. The first post-fire record of flowering was in January 2002,
when only a single, small, inflorescence was recorded on each of the plants
involved, all of which were less than 40 cm in height. Of the B. nutans plants
sampled at Area 3, most (98 %) had less than six inflorescences and some
(21 %) had never flowered (Figure 8.2). In contrast, all of the B. nutans plants
sampled at Area 1, and many (72%) of the plants at Area 2, had more than ten
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inflorescences each. Moreover, 73 % of the plants sampled at Area 1 had more
than 20 inflorescences (Figure 8.2).

Figure 8.2 also shows the flowering index for D. plumosa, a species that can
regenerate from both lignotuber and seed. As for both B. baueri and
B. nutans plants sampled at Area 4, most (77 %) of the D. plumosa plants
sampled at this area had yet to show any evidence of flowering, and 95 % of
plants had less than six flowers (Figure 8.2). In comparison, 79 % of the
D. plumosa plants sampled at Area 3 each had six or more flowers, and only
2 % of plants had yet to flower (Figure 8.2). Although only 23 plants were
sampled at Area 1, all had more than 20 flowers each. A similarly high value
was recorded at Area 2, where most (94 %) of the D. plumosa plants sampled
had more than 20 flowers each, and the rest had 11 - 20 flowers each (Figure
8.2).

Figure 8.3 shows the height of a plant in relation to the minimal number of
inflorescences it carried, a significant relationship for B. baueri (r308 = +0.793,
p < 0.001) and B. nutans (r308 = +0.902, p < 0.001), as well as for D. plumosa
(r271 = +0.865, p < 0.001). These relationships clearly indicate that despite
substantial variation between plants at an area, those areas unburnt for longer
had taller plants bearing more inflorescences (Figure 8.3).

8.3.3 Flowering phenology of potential foodplants

Listed in Table 8.2 are the potential foodplants known to have flowered at Areas
1, 3 and 4. At all three areas, the flowering of the banksia species appeared to
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be highly seasonal. In contrast, Eucalyptus buprestium, Lambertia inermis and
Calothamnus gracilis seem to have extended flowering periods, with recent
flowers recorded during most, if not all, seasons (Table 8.2).

In general, Areas 1 and 3 were most similar in their patterns of flowering, with
several species in flower in each season. In contrast, fewer plant species were
recorded with recent flowers at Area 4 and two species, Banksia nutans and
L. inermis, were recorded with a single flower only (Table 8.2). The only other
two banksia species recorded with flowers at this area, burnt some three years
earlier, were B. repens and B. gardneri, both species that can regenerate from
lignotuber as well as from seed (see Table 5.1).

8.4

Discussion

The response patterns of small mammals after fire are closely tied to their food,
shelter and breeding requirements (Friend 1993), and one of the greatest
impacts of fire on the honey possum would appear to be the removal of those
foodplants upon which they depend for their survival. Many of these foodplants
are slow growing and have a substantial time period, often exceeding five
years, before they start flowering again after fire (Wooller et al. 2002). Thus,
although those foodplants that regenerate only from seed are quick to establish
seedlings in the aftermath of fire, these seedlings provide very little cover and
no food (flowers) for honey possums.

The three foodplants selected for study, Banksia baueri, B. nutans and
Dryandra plumosa, were those visited frequently by honey possums, whilst the
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two banksia species were also visited quite regularly by the other small
mammals studied. As discussed earlier (Section 5.5), it seems likely that honey
possums depend upon specific seasonal foodplants, in particular B. baueri and
B. nutans, in both recently burnt and long unburnt areas. Their foodplant
preferences changed little despite spatial differences in availability, and it
appears that they will travel a considerable distance to satisfy these
preferences. Unlike the two banksia species, use of D. plumosa was not highly
seasonal, but the frequency with which its pollen was carried by honey possums
seemed to suggest that it was an important foodplant during most seasons (see
also Saffer 1998).

All three species of foodplants were recorded at all four areas, last burnt some
5, 13, 23 and > 50 years earlier. As expected, the height of foodplants
increased with time since the vegetation was last burnt. In the most recently
burnt area, however, the plants were young and the two banksia species were
devoid of any flowers for the first four years. Not surprisingly, some of the
D. plumosa plants, which can regenerate from lignotuber as well as from seed,
flowered within a few years of the fire. The first post-fire flowering by B. baueri,
after the May 1998 fire, was in July 2002, more than four years since the fire.
However, the number of plants that flowered was so low compared to the
number of seedlings within the area, that none of the 100 plants measured at
this area had yet flowered. A similar interval to first post-fire flowering was
recorded in B. nutans, with the first inflorescences recorded almost four years
after the fire, all of them very small. So few B. nutans inflorescences were
recorded that just 1 % of B. nutans plants measured had an inflorescence.
Wooller et al. (2002) recorded similar intervals to time of first flowering in
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B. baueri and B. nutans for the same heathland after an earlier fire.

For the two obligate re-seeders, B. baueri and B. nutans, it was 13 years before
more than half of the plants had flowered, and 23 years before all plants had
flowered. The time to first flowering for the re-sprouting D. plumosa was more
rapid. Within five years of fire, 23 % of plants had flowered and nearly all (98
%) had flowered within 13 years. The general trend, however, for each of the
species of foodplants was that, despite the substantial variation reported within
a species at an area, those areas unburnt for longer had taller plants bearing
more inflorescences.

The availability of both obligate re-seeders and re-sprouters within the
heathland vegetation of the Fitzgerald River National Park would seem to be of
value to the completely nectarivorous honey possum. Whilst it appears that
honey possums prefer many foodplants that do not flower for many years
following fire, the availability of plants such as D. plumosa, C. gracilis and
E. buprestium, capable of flowering within a few years after fire, may provide
the sustenance that they require as they search for their preferred foodplants
which only flower in areas longer unburnt.
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Table 8.1 The median and mean (± 1 S.E.) heights of the Banksia baueri
(top), B. nutans (centre) and Dryandra plumosa (bottom) plants measured
in March 2003.
Banksia baueri
Grid

Years since
last burnt

Median
height (cm)

Mean (± 1 S.E.)
height (cm)

1a
1b

> 50
> 50

98.0
87.0

97.4 ± 3.1
86.9 ± 2.1

2

23

84.0

83.2 ± 1.9

3a
3b

13
13

55.5
49.0

54.8 ± 1.3
50.9 ± 1.7

4a
4b

5
5

38.0
42.0

38.4 ± 1.1
41.9 ± 1.1

Banksia nutans
1a
1b

> 50
> 50

119.5
110.5

123.6 ± 4.3
112.0 ± 4.0

2

23

83.0

84.9 ± 2.1

3a
3b

13
13

50.0
45.0

51.3 ± 1.7
47.2 ± 1.3

4a
4b

5
5

27.5
27.0

28.6 ± 0.7
27.1 ± 0.7

Dryandra plumosa
1a
1b

> 50
> 50

70.0
78.0

78.0 ± 5.4
84.3 ± 14.0

2

23

70.5

70.5 ± 2.4

3a
3b

13
13

45.5
42.5

48.3 ± 1.9
42.6 ± 1.5

4a
4b

5
5

30.0
25.0

31.0 ± 1.0
27.6 ± 1.3
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Area 1
Summer Autumn
2000/2001

Banksia nutans
Banksia baxteri
Banksia baueri
Banksia coccinea
Banksia repens*
Banksia gardneri*
Dryandra falcata
Eucalyptus buprestium*
Adenanthos cuneatus*
Lambertia inermis
Calothamnus gracilis*
Beaufortia spp.*
Acacia spp.*

Winter

Spring

2001

2001

2001

X

X
X

X

X

X
X

X
X

X
X
X

X
X

X
X
X

X
X
X
X
X

Area 3
Banksia nutans
Banksia baxteri
Banksia baueri
Banksia coccinea
Banksia repens*
Banksia gardneri*
Dryandra falcata
Eucalyptus buprestium*
Adenanthos cuneatus*
Lambertia inermis
Calothamnus gracilis*
Beaufortia spp.*
Acacia spp.*
Banksia nutans
Banksia baxteri
Banksia baueri
Banksia coccinea
Banksia repens*
Banksia gardneri*
Dryandra falcata
Eucalyptus buprestium*
Adenanthos cuneatus*
Lambertia inermis
Calothamnus gracilis*
Beaufortia spp.*
Acacia spp.*

X
X

X
X

X
X
X
X
X

X
X

X
X

X
X
X
X
Area 4

X
X
X
X

X
X

X
(X)

X

X

X

X
X

X
(X)
X
X

Summer
2001/2002

X
X

X
X
X
X
X

X
X

X
X
X
X
X

(X)

X

X

Table 8.2 The potential honey possum foodplants known to have flowered at
Areas 1 (top), 3 (centre) and 4 (bottom). A X symbol indicates that the plant
listed was in flower on at least one day during the season specified. A (X)
symbol indicates that only one flower of the plant species was recorded at that
area. Plants known to regenerate from lignotuber, as well as from seed, are
marked with an asterisk. It should also be noted that Beaufortia spp. comprise
at least two different species, but these were not distinguished to species level.
The time since the vegetation was last burnt decreases from top to bottom Area 1 had not been burnt for > 50 years, Area 3 was last burnt some 12 years
earlier in December 1989 and Area 4 was last burnt some three years earlier in
May 1998.
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Figure 8.1 The percentage frequency distributions of plant heights (see key
below) for three potential honey possum foodplants, Banksia baueri (top),
B. nutans (centre) and Dryandra plumosa (bottom). Data were collected in
March 2003, at which time the vegetation at Grids 4a and 4b was about five
years old, at Grids 3a and 3b it was about 13 years old, at Grid 2 it was about
23 years old and at Grids 1a and 1b it was at least 50 years old.
> 150 cm
126 – 150 cm
101 – 125 cm
76 – 100 cm
51 – 75 cm
25 – 50 cm
< 25 cm
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Figure 8.2 The percentage frequency distributions of the indices of flowering
(see keys below) for three potential honey possum foodplants, Banksia baueri
(top), B. nutans (centre) and Dryandra plumosa (bottom). The flowering index
was the minimal number of developing, fresh and old inflorescences on each
plant sampled. A zero count indicates that no evidence of flowering was
observed on a plant. Data were collected in March 2003, at which time the
vegetation at Grids 4a and 4b was about five years old, at Grids 3a and 3b it
was about 13 years old, at Grid 2 it was about 23 years old and at Grids 1a and
1b it was at least 50 years old.
Indices of flowering (number of inflorescences)
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Figure 8.3 The height of each Banksia baueri (top), B. nutans (centre) and
Dryandra plumosa (bottom) plant sampled in relation to the minimum number
of inflorescences on that plant. Each coloured square represents one plant and
the number of inflorescences includes developing, fresh and old inflorescences.
Data were collected in March 2003, at which time the vegetation at Area 4
was about five years old, at Area 3
it was about 13 years old, at Area 2
it was about 23 years old and at Area 1
it was at least 50 years old.
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Chapter 9. The impact of fire upon the availability of vegetation
as potential cover for small mammals
9.1

Introduction

Fire indirectly affects animal populations through changes in food supplies,
habitat, and the increased risk of predation due to the loss of vegetation cover
(Whelan 1995). The ability of the honey possum, or any other small mammal,
to recolonise a burnt area is likely to be determined by its capacity to meet its
food and cover requirements, as well as by its mobility. Lack of cover also
exposes animals to terrestrial and aerial predators, as well as more extreme
climatic variables such as strong winds, hot sun, and heavy rains, all of which
may impede their normal behaviour.

Both the vertical and the horizontal aspects of vegetation density are probably
critical components of the habitat of the honey possum. Cover in the vertical
dimension provides shelter from the sun and rain, as well as from aerial
predators such as the black-shouldered kite Elanus caesuleus and the barn owl
Tyto alba (Table 9.1). Cover in the horizontal plane provides shelter from
strong winds, as well as from terrestrial visual predators such as the fox and the
feral cat (Table 9.1). A suite of other terrestrial and aerial predators is active
around the areas studied, both by day and by night (Table 9.1).

A fire that burns through an area removes vegetation cover and may discourage
small mammals from re-establishing if they are dependent on cover as a means
to escape predators and as shelter from climatic variables (Bond and van
Wilgen 1996). Such mammals are unlikely to recolonise an area that has been
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burnt until their minimum requirements for cover are met. Indeed, the reduction
in cover following a fire is a factor that might help account for the low capture
rates of honey possums after a fire (see Section 4.5.1).

This chapter examines the availability of potential cover in both the vertical and
horizontal planes, measured as the foliage projective cover and the density of
the vegetation respectively. In addition, differences in wind speed, distances to
the nearest vertical and horizontal shelter spots, and the availability of leaf litter,
were also examined in relation to the age of the vegetation. The vegetation has
been considered solely as a habitat in which honey possums and other small
mammals would be able to seek cover and forage for food, with no attempt in
this chapter to examine other structural or floristic components of the
vegetation. The potential value of the plant community as a dietary resource for
honey possums has already been reported in the preceding Chapter 8.

9.2

Methods

9.2.1 Vertical vegetation density

In order to assess the availability of vegetation cover for small mammals,
measurements of vegetation densities, both vertical and horizontal, were made
at Areas 1, 2, 3 and 4, between October 2001 and April 2002. At this time, the
vegetation at Area 1 had not been burnt for more than 50 years, Area 2 had last
been burnt in March 1980, Area 3 had last been burnt in December 1989, and
Area 4 had last been burnt in May 1998. Measurements were made at the
trapping grids, each of which contained a 10 x 10 array of traps set 5 m apart.
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At each grid, 25 pitfall traps were randomly selected. At each of these 25
points, I walked halfway between it and the next trap along the track, always in
the same direction, and placed a 1 x 1 m quadrat frame 1 m off the track. This
avoided sampling the bare ground on the track.

The density of vegetation in the vertical plane was measured as a single foliage
projective cover value. I stood at the outside centre of the 1 m x 1 m quadrat,
and made a visual estimate to ± 10 % of the percentage of the ground surface
obscured by living plant matter or dead wood, including any overstorey, when
observed from directly above. In addition, estimates of overstorey foliage cover
were made using a convex spherical densiometer held in front of the body, at
elbow height, and the number of squares covered by either living plant matter or
dead wood calculated. The single densiometer value was taken from the same
position as the estimate of foliage projective cover, described above, so 25
values were recorded at each grid.

9.2.2 Horizontal vegetation density

Visual estimates of horizontal vegetation density were made at the same times
and locations as the estimates of vertical vegetation density (see Section 9.2.1).
Horizontal density was estimated using a 56 x 36 cm chequerboard, each
square 4 x 4 cm, with a total of 126 alternating black and white squares.
Values of cover were recorded at five fixed heights above the ground (0 - 4 cm,
0 - 36 cm, 37 - 72 cm, 73 - 108 cm and 109 - 144 cm). In total, 25
measurements were taken at each height, at each grid, representing the main
vegetation strata over the range of heights most likely to be used by the
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scansorial honey possum. The 0 - 4 cm stratum was included as a separate
subset of the 0 - 36 cm category in order to ensure adequate resolution of the
critical ground surface where the honey possum, and other small mammals,
spend much of their time.

The number of squares visible through the intervening vegetation, both live
plant material and dead wood, in each stratum, was estimated at a distance
from the chequerboard of 1 m. The observations were always made by the
same person and at the same height as the chequerboard (i.e. across the same
horizontal layer). This protocol is similar to that used by other workers (e.g.
Driessen et al. 1991, Fox et al. 1996, Monamy and Fox 2000).

9.2.3 Wind speed profiles

In order to explore the extent to which wind strength was affected by vegetation
density, measurements of wind speed were taken in July 2002 at Areas 1, 2, 3
and 4. Wind speed was measured using a Kestrel 1000 Pocket Wind Meter ™,
a small hand-held electronic unit. All readings were recorded in metres per
second (m.s-1).

To derive a representative value of wind speed at each grid, readings were
taken at each of the four corners of a grid and near its centre. At each of these
five sites, three readings of the three second average wind speed (hereafter
called average wind speed), and three readings of the three second maximal
wind speed (hereafter called maximum wind speed), were recorded at each of
five fixed heights; ground level, 30 cm, 50 cm, 1 m and 1.5 m. The hand-held
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unit was always positioned so that the wind was flowing through the device.
Thus, 15 readings for each of the two wind speed measurements were recorded
for each of the five heights at each grid. From these, a mean value was
calculated for both average and maximum wind speed.

9.2.4 Availability of vertical shelter spots

In order to assess the availability of potential shelter for small mammals,
measurements were made of the distances to the nearest shelter spots, both
vertical and horizontal, at the same times and locations as measurements of
vegetation density (see Section 9.2.1).

A vertical shelter spot was defined as an area no less than 4 x 4 cm, of live
plant matter or dead wood, under which a honey possum could seek cover from
aerial predators or from the direct impact of sun or rain. The horizontal stratum
in which this cover was provided (i.e. close to the ground, overstorey, etc) was
not considered. Measurements made were of the distance from the centre of
the quadrat (see Section 9.2.1) to the nearest vertical shelter spot in each
quarter of the quadrat, irrespective of whether the nearest spot was inside or
outside of the frame. Thus, in total, four distances to the nearest vertical shelter
spots were recorded (to ± 1 cm) at each of the 25 sampling sites, providing 100
values at each grid.
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9.2.5 Availability of horizontal shelter spots

The distances to the nearest horizontal shelter spots were made in a similar
manner to those for vertical shelter spots (see Section 9.2.4). A horizontal
shelter spot was defined as an area no less than 4 x 4 cm, of live plant matter or
dead wood, behind which a honey possum could seek cover from terrestrial
predators at ground level. Four values of distances to horizontal shelter spots
were recorded at each of the 25 sampling sites, providing 100 values at each
grid.

9.2.6 Leaf litter

To explore the availability of leaf litter as a substrate, which may influence some
small mammals as they forage for invertebrate prey or fungi, visual estimates of
the percentage of the ground covered by leaf litter were made. Estimates were
made at the same times and locations as measurements of vegetation density
(see Section 9.2.1). Leaf litter was defined as the percentage of the ground
surface obscured by leaves when observed from directly above. The volume
and depth of the leaf litter were not measured. The single cover value recorded
at each of the 25 randomly selected sites at each grid was estimated to the
nearest 10 % cover, giving 11 categories to which each estimate could be
assigned (i.e. no leaf litter, 1 - 10 %, 11 - 20 %, 21 - 30 %, et seq.).
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9.3

Results

9.3.1 Vertical vegetation density

Areas last burnt 4, 12, 22 and > 50 years earlier differed from each other much
more in the percentage of ground covered by vegetation when viewed from
above (vertical density) than they did when viewed horizontally (see Section
9.3.2). Nonetheless, grids with the same fire history were broadly similar to
each other in their availability of vertical density (Figure 9.1).

Grids 4a and 4b, burnt just four years earlier, had similarly low foliage projective
cover values, with more than 60 % of the sites sampled having less than 21 %
cover, and 92 % less than 31 % ground coverage (Figure 9.1). In comparison,
at Grid 3a, last burnt 12 years previously, 72 % of sites had 21 - 70 % cover
when viewed from above, and at the nearby Grid 3b, 96 % of sites sampled had
no more than 50 % cover (Figure 9.1). At Grid 2, burnt 22 years earlier, 64 % of
sites had more than 60 % cover when viewed from above (Figure 9.1). At Grids
1a and 1b, long unburnt, 60 % and 68 % of sites had more than 70 % cover
when viewed from above, and half had more than 80 % cover (Figure 9.1).

It should be noted, however, that whilst there was a close relationship between
the profiles of vertical foliage projective cover of the two grids long unburnt
(Grids 1a and 1b; r8 = +0.869, p < 0.01), and the two grids most recently burnt
(Grids 4a and 4b; r8 = +0.935, p < 0.01), there was no such relationship
between Grids 3a and 3b, both of which had last been burnt some 12 years
previously (r8 = +0.523, p > 0.05).
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The median values of foliage projective cover (vertical density) were used to
compare each of the four different trapping areas. These values ranged from
15.5 % cover at the most recently burnt Area 4 to 75.5 % at the long unburnt
Area 1. Overall, there was a clear increase in the median value for vertical
foliage projective cover with increasing time since fire, but the increase
appeared not to be linear (Figure 9.2).

Also measured, using a densiometer, were estimates of the overstorey foliage
cover at the trapping grids. It needs to be reiterated, however, that whilst the
visual estimates of foliage projective cover (vertical density) considered the sum
of available cover in the vertical plane provided by all layers of vegetation (e.g.
ground cover, shrub layer, overstorey layer), readings from the densiometer
only took into account the cover provided by any overstorey present.

Figure 9.3 shows the frequency distributions of the 25 readings taken at each
grid. From this, it is clear that Areas 3 and 4 were similar in their distributions of
cover values, but that Area 1 was quite different and had far fewer cases with
no overstorey cover (Figure 9.3).

9.3.2 Horizontal vegetation density

The means of the 25 measurements of horizontal vegetation density for each of
the five pre-determined vegetation strata are shown in Table 9.2. The density
of the vegetation, viewed horizontally, differed between the grids least at the
0 - 4 cm ground stratum, and to a lesser extent at the 110 - 145 cm stratum.
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Differences between grids were greatest along the intermediate strata (Table
9.2). In general, the amount of cover when viewed horizontally, decreased with
increasing height above ground at each of the grids (Table 9.2).

The suites of horizontal density measurements at grids with the same fire
history were closely related (Grids 1a and 1b; r3 = +0.996, p < 0.001, Grids 3a
and 3b; r3 = +0.982, p < 0.01, and Grids 4a and 4b; r3 = +0.990, p < 0.01).
Consequently, values for grids were pooled by area to give a mean value for
each stratum at each trapping area (Figure 9.4). From this, it is clear that the
area burnt most recently (Area 4) had the lowest density of vegetation in the
horizontal plane and was most similar to the other areas at the 0 - 4 cm stratum.
Area 3 had the greatest vegetation density between 0 - 72 cm, and the greatest
density in the 73 - 109 cm vegetation stratum was at Area 1. Areas 1, 2 and 3
all had 100 % cover at ground level. In contrast, at the highest stratum
(110 - 145 cm), Areas 1 and 2 both had 9 % cover, whereas Areas 3 and 4 had
only 1 % cover at this level (Figure 9.4).

The coefficient of variation (S.E. / Mean) in horizontal vegetation density was
calculated for each stratum, at each grid, and is presented as an indication of
the “patchiness” of the vegetation when viewed in the horizontal plane (Figure
9.5). In general, it appears that heterogeneity was greatest at the higher strata
of vegetation, especially at those grids most recently burnt (Figure 9.5).
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9.3.3 Wind speed profiles

The means of the 15 average and maximum wind speed measurements at each
of the seven grids were calculated for both average and maximum wind speed,
and these values are shown in Table 9.3. Both average and maximum wind
speeds were similar for trapping grids with the same fire history. In general,
speeds increased with increasing height, and were greatest at the most recently
burnt grids. Although maximum wind speed was always greater than the
equivalent average wind speed, the difference did not exceed 2.9 m.s-1 (Table
9.3). Interestingly, there was a strong relationship between both average and
maximum wind speed measurements and the density of the vegetation in the
horizontal plane (r33 = -0.708, p < 0.001 and r33 = -0.724, p < 0.001
respectively).

The suites of wind speed measurements at grids with the same fire history were
closely related, for both average wind speed (Grids 1a and 1b; r3 = +0.959,
p < 0.01, Grids 3a and 3b; r3 = +0.990, p < 0.01, and Grids 4a and 4b;
r3 = +0.996, p < 0.001) and maximum wind speed (Grids 1a and 1b; r3 = +0.978,
p < 0.01, Grids 3a and 3b; r3 = +0.995, p < 0.001, and Grids 4a and 4b;
r3 = +0.998, p < 0.001). Consequently, values for grids were pooled by area to
give a mean value of average and maximum wind speed for each height at
each trapping area (Figure 9.6). From this, it is clear that all areas were most
alike at ground level, but that Areas 1 and 2 were the most similar in the mean
wind speeds attained overall. Wind speed increased with height at all areas,
but was always greatest at Area 4, the area burnt most recently (Figure 9.6).
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9.3.4 Availability of vertical shelter spots

The distance to the nearest spot where a honey possum could seek cover from
an aerial predator or from unfavourable weather ranged from less than 2 cm to
1.85 m. Grids with the same fire histories were similar in their distributions of
distances to vertical shelter spots (Figure 9.7). Interestingly, the availability of
vertical shelter in vegetation burnt some 22 years earlier (Area 2) was very
similar to that at Area 1, an area even longer unburnt (Figure 9.7). In general,
however, such shelter was more likely to be further away in areas burnt most
recently than in areas long unburnt (Figure 9.7).

9.3.5 Availability of horizontal shelter spots

The distance to the nearest spot behind which a honey possum could seek
cover from a terrestrial predator or from unfavourable weather ranged from less
than 3 cm to 1.5 m. Grids with the same fire histories were again similar in their
frequency distributions of distances to cover along the ground (Figure 9.8). As
noted for the availability of vertical shelter spots, the availability of horizontal
shelter spots, along the ground, were similar between Areas 1 and 2 (Figure
9.8). On average, however, shelter tended to be further away in areas more
recently burnt, but the differences in relation to vegetation age were less
marked than for shelter in the vertical plane (see Figure 9.7).
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9.3.6 Leaf litter

At those trapping grids unburnt for more than 20 years (Areas 1 and 2) much of
the ground was covered by leaf litter. However, at the grids unburnt for less
than 13 years (Areas 3 and 4), there was very little leaf litter, and bare sand
dominated (Figure 9.9). Occasional high values at Areas 3 and 4 relate to leaf
litter under eucalyptus trees. Interestingly, the profile for leaf litter coverage at
Grid 2 was intermediate between Grids 1a and 1b, suggesting that this
substrate changes little beyond 22 years after a fire (Figure 9.9).

9.4

Discussion

The regeneration of vegetation after fire is one of the factors that influence the
rate of re-establishment of small mammals dependent on vegetation cover and
related habitat characteristics for survival. Although the responses of heathland
vertebrates are not well studied and appear to be highly variable, they seem to
be influenced by the interaction between animal characteristics, fire and habitat
characteristics (Keith et al. 2002a). The habitat characteristics examined in the
present study were the availability of vertical and horizontal cover (vegetation
density), wind speed, the availability of vertical and horizontal shelter spots, and
leaf litter.

Both vertical and horizontal densities of vegetation are likely to be important
components of the habitat of honey possums and other small mammals. This is
because threshold levels of vegetation density are needed to provide cover
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from both aerial and terrestrial predators, as well as shelter from unfavourable
weather, such as hot sun and heavy rains.

Not surprisingly, the amount of available cover, from a vertical perspective,
increased with time elapsed since fire. Trapping grids with the same fire history
were similar in the amount of vertical density and canopy cover available.
Interestingly, one exception to this pattern was the difference in the amount of
cover available at Grids 3a and 3b, both burnt 12 years earlier. Although these
two grids matched quite well in terms of their cover in the horizontal plane, Grid
3b clearly had less vertical cover than its “replicate”, Grid 3a. Both of these
grids were burnt in the same fire in December 1989, had a similar number of
preferred foodplants in flower (R. Wooller, unpublished data) and were within
150 m of each other. However, the greater substrate heterogeneity at Grid 3b
(see Table 3.1) may well account for the greater patchiness of the vegetation at
this grid, leading to the lower vertical cover value recorded.

Overall, the results indicate that 22 years after the last fire the amount of vertical
foliage projective cover had almost attained the maximal cover values typical of
mature heathland (Bell et al. 1984). However, in comparison to heathlands
north of Perth, where percentage cover values are comparable to long unburnt
areas within ten years after a fire (ibid), the south coastal heathland at the
Fitzgerald River National Park appears to reach maturity much more slowly.
This could be due to differences in soil nutrients, plant communities, rainfall, or
other variables, but such differences were not explored further in the present
study.
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Areas with a different post-fire successional age differed from each more in the
percentage of ground covered by vegetation viewed from above (vertical
density), than they did when viewed along the horizontal plane (see Figure
9.10). Nonetheless, as recorded for the density of vegetation in the vertical
plane, density along the horizontal plane indicated that the shelter available to
small mammals at the western end of the Park increased with time after fire,
although the increase appeared not to be linear.

Unsurprisingly, there was less shelter available at the area burnt four years
earlier, than at areas burnt more than 12 years ago. However, there was similar
shelter along the horizontal plane, particularly 0 - 36 cm above the surface of
the ground, between the area burnt 12 years earlier and the area not burnt for
> 50 years. This suggests that the heath vegetation in which the honey possum
resides is initially slow to regenerate following fire and that it may take in excess
of ten years to return to pre-fire levels of cover along the lower stratum of
vegetation (0 - 72 cm above ground), and at least 20 years along the higher
strata of vegetation (> 110 cm above ground), when viewed horizontally.

Despite this, cover at ground level (0 - 4 cm above the surface of the ground), at
an area burnt less than four years earlier (96 % cover) was almost the same as
in an area long unburnt (100 % cover). This is not unexpected, given that there
is usually an initial flush of seedlings following a fire, as well as a substantial
number of restioid plants which establish themselves in the aftermath of the fire.
Cover at this ground level could well be of great importance when the honey
possum, a tiny mammal, moves along the ground, as it would provide some
cover from terrestrial predators. However, if cover were lacking at the higher
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strata, from the vertical perspective its value would seem minimal. Indeed, a
lack of cover at higher levels indicates a lack of vegetation overall and,
importantly, a dearth of foodplants, so that such a habitat might be considered
marginal at best. Nonetheless, the suites of horizontal density measurements
at grids with the same fire history were well correlated, particularly in the long
unburnt vegetation. This, in turn, is not surprising, given that the vegetation in
the mature heathland had probably stabilised, with very little continuing growth
of the plants within the strata studied.

The method employed to observe horizontal density was effective in
differentiating the four areas studied, but did not explain such differences. The
density of the vegetation along a horizontal plane in the long unburnt area was
often lower than in the area burnt 12 years earlier. This may be explained
simply as a consequence of the difference in the age of the vegetation.
Vegetation at the long unburnt area was mature, with many Banksia,
Eucalyptus and Lambertia trees in excess of 3 m high, so that in many
instances only tree trunk or open space was encountered at the levels selected
for observation of horizontal density. Perhaps, if even higher strata of
vegetation (> 2 m above the ground) had been studied, the cover provided by
some of these mature plants would have been recorded. However, the
horizontal density of the canopy stratum in this mature vegetation was
considered of little value to the honey possum in terms of shelter from terrestrial
predators and unfavourable climate, as honey possums forage and shelter
mainly in the lower strata selected for study. Nonetheless, the cover provided
by these upper canopies is likely to be of importance in terms of vertical cover
and for that reason was included in the observations of vertical density.
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It can also be inferred from the results that two areas of vegetation burnt at the
same time regenerate, in terms of their density along the horizontal plane and
from the vertical perspective, at a similar rate. Such a finding has clear
implications for the honey possum and other small mammals that rely on
vegetation cover for shelter from predators and unfavourable climate. A hot,
intense fire may result in a large, continuous patch of habitat being burnt without
leaving substantial areas of vegetation largely unburnt. The honey possum,
normally considered a sedentary species (Garavanta et al. 2000), is likely to be
much slower to re-establish following such a disturbance, because its minimal
requirements would not be available in the burnt vegetation. Without
populations of the honey possum within nearby, unburnt patches of vegetation,
there would seem to be little opportunity for re-establishment within a large
burnt area until there had been substantial recovery of plants, providing crucial
cover and food.

It has been reported elsewhere (see Whelan 1995) that a lack of cover is one of
the factors that might cause and maintain a post-fire decline in a small mammal
population, due to a lack of shelter and increased predation losses (Christensen
and Kimber 1975, Bowland and Perrin 1988). The risk of predation increases
after fire due to the complete loss, or severe reduction, of cover in which small
mammals can seek refuge, as well as the associated reduction in food which
leads to an increase in foraging activity and, therefore, still greater exposure to
predators (Sutherland and Dickman 1999). Fire also increases the accessibility
of areas to terrestrial predators through the simplification of the vegetation
(ibid). In contrast, dense vegetation provides many terrestrial animals with
shelter, nesting opportunities and protection from predators (Monamy and
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Fox 2000) and the post-fire recovery of many small mammals is commonly
regarded as a direct response to vegetation regrowth. It is difficult, however, to
identify whether the animals are responding to the shelter, microclimate, food or
other associated factors that the vegetation is providing (Sutherland and
Dickman 1999) and, most probably, a combination of several of these factors
operate.

The study revealed a clear relationship between wind speed and the density of
the vegetation in the horizontal plane. Wind speed was initially measured
because it was thought that honey possums exposed to strong winds might be
subject to wind chill and their foraging impeded. Moreover, the movement of
the vegetation, and in particular the flowers, would be likely to reduce foraging
efficiency. The speed profiles attained were similar at grids with the same fire
history and, not surprisingly, speeds increased with increasing height,
presumably because the vegetation was less dense at the higher strata. As
expected, speeds were greatest at the most recently burnt area, and least at the
most mature area. The high wind speeds recorded above 30 cm at the recently
burnt area are probably not an issue for small mammals as there is only very
sparse vegetation at these upper levels. Moreover, there was little wind
recorded within the vegetation at the longer unburnt areas, even at upper levels,
so wind is unlikely to be an impediment to honey possums or other small
mammals. However, there may be other ecological consequences of high wind
speeds in recently burnt areas, including more rapid desiccation of plant parts
and soil, greater dispersal of some seeds, and greater potential for erosion
(Whelan 1995).
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The strong relationship between wind speed and vegetation density along the
horizontal plane was such that taking measurements of wind speed may be a
good surrogate for researchers seeking to measure the horizontal density of
vegetation within heathlands in a rapid, yet effective, manner. Light meters
have been used for many years to measure foliage projective cover (Fox 1979),
but the ready availability of cheap, pocket-sized electronic wind meters now
provides an analogue for the measurement of horizontal vegetation density.
However, wind speed profiles were such that meters would be most effective
and reliable for areas where wind speed is typically strong.

In addition to measurements of vegetation density, the distances to the nearest
shelter spots, under (vertical cover) and behind (horizontal cover) which a
Honey Possum could seek refuge, were also made. In general, shelter spots in
both planes were further away in areas burnt most recently, but as reported for
vegetation density, differences in distances to shelter spots, in relation to the
successional age of the vegetation, were less marked for shelter spots in the
horizontal plane, than in the vertical plane. Nonetheless, grids with the same
fire history were similar in their availability of shelter spots. Furthermore, there
was little difference in the availability of shelter spots between an area burnt
some 20 years earlier and one much longer unburnt.

The similarity in the trends recorded for both vegetation density and the
availability of shelter spots is not unexpected, and such similarities may not
justify the use of both measurements to indicate the availability of cover to small
mammals. However, the measurement of shelter spots provides more detailed
information about available cover at ground level and from above, which is
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directly relevant to mobile terrestrial species such as the honey possum. In
comparison, measurements of vegetation density provide a much broader
picture of available cover in the vertical and horizontal planes.

As noted by Sutherland and Dickman (1999) most declines in population
numbers after a fire are due to habitat alteration and reduced availability of
resources. Such critical resources surely include sufficient vegetation to
provide adequate cover from aerial and terrestrial predators, as well as from
unfavourable climate, as suggested in the present study. In general, the
abundances of small mammals in the heathland of the Fitzgerald River National
Park after fire showed clear links to the changes documented in the
physiognomy of the vegetation, and in particular to the availability of cover
(vegetation density).
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Table 9.1 Potential terrestrial and aerial predators of small mammals known to be present at the western end of the
Fitzgerald River National Park. The predators listed are known to be present around the study sites from direct observations by
researchers in the field and/or from Chapman and Newbey (1995). The period(s) of hunting activity is indicated by a + symbol.
A * symbol indicates small mammals are often only a small part of the diet, ** indicates small mammals are often a considerable
part of the diet and *** indicates small mammals are often the greatest part of the diet.
Hunting
activity

Species
diurnal

crepuscular

Proportion of small mammals in diet

References

*

2,3

*

3

nocturnal

Terrestrial:
Reptiles
Tiger snake Notechis scutatus occidentalis

+

Southern monitor Varanus rosenbergi

+

+

Mammals
Fox Vulpes vulpes

+

Feral cat Felis catus

+

+

**

4,7

+

+

**

4,7

Aerial:
Birds
Black-shouldered kite Elanus caeruleus

+

***

1,5,6

Square-tailed kite Lophoictinia isura

+

+

*

5,6

Australian kestrel Falco cenchroides

+

*

1,5,6

Brown falcon Falco berigora

+

*

1,5,6

+

***

1,5,6

+

***

1,5,6

+

Barn owl Tyto alba
Boobook owl Ninox novaeseelandiae
1
6

+

Barker and Vestjens (1989), 2 Bonnet et al. (2002); 3 Chapman (1995b), 4 Chapman (1995a), 5 Marchant and Higgins (1993),
Newbey and Chapman (1995b), and 7 Read and Bowen (2001).

Table 9.2 The mean (± 1 S.E.) percentage vegetation cover for five
fixed strata of vegetation, when viewed along the horizontal plane.
Mean values are derived from the 25 values recorded for each stratum
at each grid. Grids 1a and 1b were last burnt > 50 years earlier, Grid 2
some 22 years earlier, Grids 3a and 3b some 12 years earlier and Grids
4a and 4b some 4 years earlier.

Vegetation strata (cm above the surface of the ground)
Grid

0-4

0 - 36

37 - 72

73 - 109

110 - 145

1a

99.1 ± 0.6

81.2 ± 5.9

28.2 ± 6.6

14.9 ± 5.5

3.7 ± 1.0

1b

100.0 ± 0.0

92.8 ± 2.5

37.3 ± 6.1

21.6 ± 5.3

12.8 ± 5.1

2

100.0 ± 0.0

91.5 ± 2.2

23.0 ± 5.8

6.8 ± 2.4

8.5 ± 3.7

3a

98.9 ± 1.1

91.6 ± 2.3

28.6 ± 5.6

5.4 ± 2.4

0.2 ± 0.2

3b

100.0 ± 0.0

93.8 ± 1.6

50.5 ± 6.9

17.0 ± 5.0

1.3 ± 0.6

4a

97.1 ± 1.2

70.3 ± 4.5

12.3 ± 4.7

5.1 ± 3.9

0.5 ± 0.4

4b

94.0 ± 2.1

52.7 ± 5.2

4.7 ± 3.7

0.7 ± 0.6

0.2 ± 0.2
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Table 9.3 Mean (± 1 S.E.) average wind speed (top) and maximum wind speed
(bottom) (m.s-1) at each trapping grid in relation to height above the ground.

Height above the surface of the ground
Grid

Ground

30 cm

50 cm

1m

1.5 m

1a

0.11 ± 0.07

0.76 ± 0.19

0.70 ± 0.17

2.38 ± 0.25

3.11 ± 0.42

1b

0.27 ± 0.12

0.93 ± 0.31

1.59 ± 0.31

2.34 ± 0.44

3.63 ± 0.60

2

0.49 ± 0.12

1.03 ± 0.14

1.85 ± 0.15

3.67 ± 0.34

5.19 ± 0.40

3a

1.20 ± 0.26

2.34 ± 0.17

4.34 ± 0.39

8.59 ± 0.71

10.53 ± 0.71

3b

0.90 ± 0.21

2.55 ± 0.44

3.35 ± 0.57

6.27 ± 0.82

8.73 ± 0.82

4a

1.13 ± 0.13

4.21 ± 0.32

8.52 ± 0.38

12.89 ± 0.78

16.61 ± 0.86

4b

1.14 ± 0.12

3.29 ± 0.28

5.73 ± 0.63

9.97 ± 0.64

11.80 ± 0.63

Height above the surface of the ground
Grid

Ground

30 cm

50 cm

1m

1.5 m

1a

0.30 ± 0.18

1.09 ± 0.30

0.93 ± 0.22

2.83 ± 0.35

4.21 ± 0.55

1b

0.37 ± 0.15

1.41 ± 0.36

2.01 ± 0.42

3.33 ± 0.60

4.93 ± 0.75

2

0.83 ± 0.16

1.47 ± 0.19

2.61 ± 0.27

5.37 ± 0.60

7.31 ± 0.59

3a

1.71 ± 0.27

2.94 ± 0.21

4.91 ± 0.46

10.22 ± 0.75

12.08 ± 0.87

3b

1.38 ± 0.24

3.31 ± 0.57

4.27 ± 0.71

8.29 ± 1.29

9.99 ± 0.96

4a

1.56 ± 0.18

5.19 ± 0.40

10.38 ± 0.59

15.00 ± 1.00

19.50 ± 1.03

4b

1.67 ± 0.19

4.27 ± 0.38

7.39 ± 0.91

11.72 ± 0.69

14.60 ± 0.81
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Figure 9.1 Frequency distributions of the 25 foliage projective cover (vertical
density) values recorded at, from top to bottom, Grids 4a, 4b, 3a, 3b, 2, 1a
and 1b. The vegetation at Grids 4a and 4b was burnt some 4 years earlier,
Grids 3a and 3b some 12 years earlier, Grid 2 some 22 years earlier and
Grids 1a and 1b had been unburnt for at least 50 years.
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Figure 9.2 Median foliage projective cover values (vertical density) at areas
last burnt 4, 12, 22 and > 50 years earlier. The horizontal line indicates the
maximum cover values recorded for other sandplain heathland (kwongan)
vegetation long unburnt (Bell et al. 1984). Reference to this value will be made
in the discussion (Section 9.4).
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Figure 9.3 Frequency distributions of the 25 overstorey foliage cover values
(densiometer readings) recorded at, from top to bottom, Grids 4a, 4b, 3a, 3b,
2, 1a and 1b. Time since the vegetation was last burnt increases from top
(Grids 4a and 4b both burnt 4 years earlier) to bottom (Grids 1a and 1b both
long unburnt).
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Figure 9.4 The mean estimates of vegetation cover along five horizontal
planes of vegetation. At the time that the data was collected the
vegetation at Area 1 had been unburnt for > 50 years, Area 2 had
been unburnt for 22 years, Area 3 had been unburnt for 12 years and
Area 4 had been unburnt for four years.
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Figure 9.5 The coefficient of variation (1 S.E. / Mean) in horizontal vegetation density at each trapping grid. Time since the
vegetation was last burnt increases from left (Grids 1a and 1b both long unburnt) to right (Grids 4a and 4b both burnt four
years earlier).
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4 . The vegetation at Area 1 was long unburnt, at Area 2 it was last burnt
22 years earlier, at Area 3 it was last burnt 12 years earlier and at Area 4 it
was last burnt just four years earlier.
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Figure 9.7 Frequency distributions of the 100 measurements of the distance
to the nearest vertical shelter spot recorded at, from top to bottom, Grids 4a,
4b, 3a, 3b, 2, 1a and 1b. The time since the vegetation was last burnt
increases from top (Grids 4a and 4b both burnt four years earlier) to bottom
(Grids 1a and 1b both long unburnt).
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Figure 9.8 Frequency distributions of the 100 measurements of the distance
to the nearest horizontal shelter spot recorded at, from top to bottom, Grids
4a, 4b, 3a, 3b, 2, 1a and 1b. The time since the vegetation was last burnt
increases from top (Grids 4a and 4b both burnt four years earlier) to bottom
(Grids 1a and 1b both long unburnt).
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Figure 9.9 Frequency distributions of the 25 leaf litter values recorded at,
from top to bottom, Grids 4a, 4b, 3a, 3b, 2, 1a and 1b. The time since the
vegetation was last burnt increases from top (Grids 4a and 4b both burnt four
years earlier) to bottom (Grids 1a and 1b both long unburnt).
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Figure 9.10 Regeneration of heathland vegetation following fire. The
succession shown, from top to bottom, is 1 month after fire, 3 years after
fire (ca. 15.5 %), 12 years after fire (35.5 %), 22 years after fire (65.5 %)
and > 50 years after fire (75.5 %). Values in parenthesis are the median
vertical vegetation density. Values for horizontal density are presented in
Table 9.2.
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Figure 9.1 Frequency distributions of the 25 foliage projective cover (vertical
density) values recorded at, from top to bottom, Grids 4a, 4b, 3a, 3b, 2, 1a and
1b. The vegetation at Grids 4a and 4b was burnt some 4 years earlier, Grids 3a
and 3b some 12 years earlier, Grid 2 some 22 years earlier and Grids 1a and
1b had been unburnt for at least 50 years.
Figure 9.3 Frequency distributions of the 25 overstorey foliage cover values
(densiometer readings) recorded at, from top to bottom, Grids 4a, 4b, 3a, 3b, 2,
1a and 1b. Time since the vegetation was last burnt increases from top (Grids
4a and 4b both burnt 4 years earlier) to bottom (Grids 1a and 1b both long
unburnt).
Figure 9.7 Frequency distributions of the 100 measurements of the distance to
the nearest vertical shelter spot recorded at, from top to bottom, Grids 4a, 4b,
3a, 3b, 2, 1a and 1b. The time since the vegetation was last burnt increases
from top (Grids 4a and 4b both burnt four years earlier) to bottom (Grids 1a and
1b both long unburnt).
Figure 9.8 Frequency distributions of the 100 measurements of the distance to
the nearest horizontal shelter spot recorded at, from top to bottom, Grids 4a, 4b,
3a, 3b, 2, 1a and 1b. The time since the vegetation was last burnt increases
from top (Grids 4a and 4b both burnt four years earlier) to bottom (Grids 1a and
1b both long unburnt).
Figure 9.9 Frequency distributions of the 25 leaf litter values recorded at, from
top to bottom, Grids 4a, 4b, 3a, 3b, 2, 1a and 1b. The time since the vegetation
was last burnt increases from top (Grids 4a and 4b both burnt four years earlier)
to bottom (Grids 1a and 1b both long unburnt).
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Chapter 10. General discussion

Honey possums were captured over 19 years in heathland at the western end
of the Fitzgerald River National Park where they were the most abundant small
mammals, on average accounting for 88 % of small mammals captured.
Chapman (1995a) also found that the honey possum was the most abundant
and widespread mammal throughout the Park. Other small mammal species
captured during the present study were the grey-bellied dunnart, ash-grey
mouse, western pygmy possum, bush rat and the introduced house mouse.
Differences in the capture rates of these small mammal species were compared
to the number of years since the vegetation was last burnt. In addition, any
relationships between the capture rates of honey possums and the availability
of foodplants and cover were examined.

After fire honey possums disappeared from a burnt area, but within a few
months small numbers of transients were caught, intermittently, for about the
next three years. The presence of pollen from plants not yet in flower in
recently burnt areas, strongly suggested that these animals were not resident in
these burnt areas. About 3 - 10 years after fire, honey possum abundance
increased fairly rapidly, although the highest rate of capture was recorded in
vegetation unburnt for some 30 years. Interestingly, whilst honey possum
abundance was clearly affected by fire, the age and gender profiles of the
captured populations in burnt areas differed little from those in areas longer
unburnt. Presumably, this was because these early forays into the recently
burnt areas were by transient animals relying on nearby unburnt patches of
vegetation to meet many of their specialised food and cover requirements.
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In addition to the time elapsed since the vegetation was last burnt, three other
factors significantly affected the rates of capture of honey possums. Annual
rainfall in the preceding, but not the current, year was a significant variable.
Differences in capture rates with variation in rainfall have been attributed to
annual differences in the flowering intensity of foodplants (Rose 1995, Wooller
et al. 1998). Following years of above average rainfall, it has been suggested
that there is an increase in flowering by foodplants, allowing a greater number
of honey possums to be supported within an area (Wooller et al. 1998).
Conversely, numbers of honey possums declined after drought years, but the
decline was not prolonged beyond about one year (ibid), whereas after fire it
took many years until numbers of honey possums returned to the levels
recorded before the fire. The important impact of rainfall on the distribution and
abundance of other mammals has also been noted by others (e.g. Friend et al.
1988, Maguire 1999, Wilson and Friend 1999), and may be at least as important
as the impact of fire. Indeed, short-term climatic factors may obscure longerterm trends, such as the increasing abundance of a population after fire.

The season of the year was another significant factor, with the greatest
numbers of honey possums consistently caught in winter. This factor has been
noted by other researchers (Wooller et al. 1981, Garavanta 1997) who have
related the recorded seasonal differences in capture rates of honey possums to
differences in the seasonal availability of flowering foodplants. Clearly, there is
another linkage here with rainfall. The results of the present study support
these earlier interpretations.
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The other significant variable, and one of the more interesting results, was the
different rate of capture of honey possums at trapping grids within the same
successional vegetation and with the same fire history. These differences
indicate that, even within areas burnt in the same fire, there are spatial
differences that need to be considered when using chronosequences to
describe changes with time since fire. Spatial differences that may result in the
disparity observed may include edaphic factors, depth of the water table, or the
distribution and abundance of both aerial and terrestrial predators.

Interestingly, as noted earlier, there were few differences in the age and gender
profiles of honey possum captures in relation to fire, even though capture rates
were markedly affected. The age and gender composition of the few animals
captured in recently burnt areas did not differ from that in areas longer unburnt.
Indeed, adult males, and adult females with and without pouch young, were
recorded in recently burnt areas, and not just juvenile animals as one might
expect following disturbance. This suggests that increased breeding is not a
strategy used by honey possums to respond to fire within this heathland. It may
be that their short lifespan and inability to predict either rainfall or fire in advance
has not led to the selection of survival or fecundity strategies in this manner.

The turnover rate of the individuals captured in the recently burnt areas were
higher than in the nearby unburnt areas, but, in general, the turnover rate of
honey possums exceeded 70 % at all areas and in all seasons. Not
surprisingly, more honey possums moved away from the recently burnt area,
than from areas longer unburnt.
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The availability of foodplants and cover, in relation to the successional age of
the vegetation, was also examined. Honey possums depend on flowering
foodplants for the pollen and nectar they consume and which meet all of their
nutritional requirements. A high metabolic rate means that they need to feed
daily (Renfree et al. 1984). In the present study, there was a clear affinity
between the availability of foodplants and the capture rates of honey possums.
The increasing abundance of honey possums following fire, and maximal
captures in areas unburnt for some 30 years, corresponds well to the availability
of foodplants. At one burnt area, there were few flowering foodplants for at
least 4 - 5 years after the fire, more plants had flowered at an area burnt some
12 years earlier, and by 22 years after fire, most of their foodplants had
flowered.

Capture rates of the late successional honey possum also correspond well to
the availability of both vertical and horizontal vegetation density. In general, the
density of the vegetation along the horizontal plane increased with the time
since it was last burnt and cover at the lower strata was greatest at areas
unburnt for some 12 years. In comparison, vertical vegetation density was
slower to return. Even ten years after fire, foliage projective cover was less
than half that found in areas unburnt for > 50 years. Interestingly, by 22 years
after fire, a nearly maximal vertical density had been attained. Relating
maximal abundance of honey possums to the successional age of the
vegetation, it appears that honey possums may be more reliant on cover from
above, than in the horizontal aspect. This may be because the dangers posed
to them by aerial predators and unfavourable climate are potentially greater
than those posed by terrestrial predators. As discussed earlier, the availability
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of foodplants was also greater in areas unburnt for some 20 - 30 years, than in
areas burnt more recently.

No attempt was made in the present study to examine the impact of predators
on small mammals at any of the trapping areas studied. In the presence of
larger prey, it is possible that the tiny honey possum is more impacted by the
native aerial, and to a lesser extent, smaller terrestrial (e.g. snakes and
varanids) predators, than by foxes or cats. This view is supported by other
workers in the Park (Dr J. Kinnear, personal communication) who did not find
any difference in the abundance of small mammals between areas of the Park
baited for foxes and those areas not so treated. Nonetheless, the remains of
honey possums were recorded in the stomach contents of two of three dead
foxes (Chapman 1995a), as well as in fox scats analysed by Saffer (1998).
Both of these researchers worked in the Park. In addition to the remains of
honey possums, Saffer (1998) also recorded the fur of the dunnart, bush rat and
the house mouse in the scat samples she collected. It may be that whilst foxes
consume honey possums opportunistically, the density of foxes is at a level
where their impact is minimal.

The other species that complete the small mammal assemblage in this
heathland were also affected by fire, although in terms of their relative
abundance rather than in a sequence of species replacement. The first to reestablish in recently burnt areas were the house mice; they appeared quickly
and increased in abundance rapidly, but within 2 - 3 years their numbers had
reached a plateau and far fewer individuals were caught thereafter.
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Interestingly, a rapid increase in house mice was also recorded at areas that
remained long unburnt after the large-scale 1989 fire and it is suggested that
these were animals in transit caught on their way to the burnt areas. This
scenario is proposed because few house mice were caught in long unburnt
areas at times other than the first few years after fire. Furthermore, few house
mice were caught in long unburnt areas after the smaller-scale 1998 fire.

The dunnart was the next species to re-establish, first recorded some two years
after fire, with numbers increasing for the next 5 - 6 years. After this time,
numbers increased only slowly. Few ash-grey mice were recorded during the
study, but based on the location of their captures it is probable that they prefer
vegetation more recently burnt (< 15 years since last fire) than vegetation longer
unburnt.

Bush rats appeared to prefer vegetation unburnt for at least ten years, and were
most abundant at an area unburnt for some ten years, as well as an area
unburnt for > 50 years. Surprisingly, few bush rats were trapped in the area
unburnt for some 22 years; based on its available density of vegetation this
finding was anomalous. This was the only trapping grid not replicated and it is
likely that some factor was operational at this area that was not determined in
the present study. For instance, no effort was made to quantify the abundance
of aerial and terrestrial predators in the different areas, nor food availability,
other than foodplants used by honey possums.

Following fire, there is a natural regeneration of the vegetation that provides
small mammals with the food and cover they depend upon. The recovery of
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vegetation may well be particularly important for the late-successional species,
the bush rat and honey possum, which tend to have more specialised
requirements and less flexibility in their habits. In contrast to honey possums,
bush rats may be more dependent on cover in the horizontal strata, than from
above. Dense vegetation along the lower strata, where they spend most of their
time, would afford more protection to bush rats from terrestrial predators, which
may pose a greater threat to them than aerial predators. It seems likely that
these two late-successional small mammal species are responding to a
combination of factors.

In comparison, those small mammals that re-establish in relatively recently
burnt vegetation are probably affected more by the availability of food than by
cover. It has been suggested that the post-fire invader, the house mouse, is
attracted to the rich seed supply and new vegetation growth (Attiwill and Wilson
2003, Friend and Wayne 2003). The availability of such rewards may outweigh
the increased predation risk posed in these sparsely vegetated areas. The
dunnart, first seen a few years after the fire, may require more cover, or litter
layer, than is provided by the sparsely vegetated environment available in the
first few years after fire. Similar changes in the abundance of small mammal
species in relation to changes in the vegetation following fire have also been
reported for other small mammal assemblages (Friend 1993).

As well as the variables tested in the present study, another variable that may
have an impact on small mammals, and in particular the honey possum, is plant
disease. Such diseases include dieback Phytophthora spp. (Friend 1992,
Wilson et al. 1994, Rose 1995). Many of the honey possum’s foodplants are
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highly susceptible to these plant pathogens (Friend 1992) and more than 80 %
of those plants at risk could be killed at any area (ibid). At present, however,
most of the Park remains relatively free of plant disease (Moore et aI. 1991) and
measures to control the spread of plant disease are in place.

Based on the results of the present study there appear to be several
management implications, in relation to fire, which might be considered by land
managers responsible for the heathlands in which the highly specialised honey
possum resides. Important considerations include the scale, frequency and
intensity of prescribed burning, with season less important. Friend and Wayne
(2003) also considered fire scale and frequency to be the two most important
factors. Fires of lower intensity, that result in a more patchy burn, are
preferable to intense fires that remove most or all of the above-ground
vegetation. Fires on smaller scales are preferable to large-scale fires that can
reduce the opportunity for honey possums to re-establish themselves following
fire. The frequency with which an area is burnt should also be considered. Too
regular burning does not allow the obligate re-seeders, which include many of
the honey possums most important foodplants, to reach an age when they
produce and store seed.

Hassell and Dodson (2003) estimated that major fires in the Fitzgerald River
National Park, prior to human settlement, were about 29 - 58 years apart. This
estimate was based on the analysis of a core charcoal sample taken from an
estuary in the Park. This fire interval is entirely consistent with the life-history
and response to fire of the honey possum, the most abundant and widespread
mammal in the Park, as well as those common banksias that comprise its major
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foodplants. For the long-term survival of this unique small mammal, smallscale, patchy burns, at intervals of about 30 - 40, and no less than 20 years,
seem most appropriate in this system.
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