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Figures

1 Map of the south-west of Western Australia showing location of study area.

2 Map of study area showing location of Boyicup trapping area, vegetation site locations and woylie
distdbution

3 Distribution of 236 sample plots within component space derived by P.C.A., varimax loadings, 64
vegetation species, Components I and 2. Letters refer to sites, see Appendix I

4 Distribution of 103 sample plots within component space derived by P.C.A., varimax loadings, 64
vegetation species, Components 3 and 4. Letters refer to sites, see Appendix I

5 Distribution of woylie nests on 236 plots within component space derived by P.C.A., varimax
loadings. 64 vegetation species (see Fig. 3). Componenls I and 2 .

6 Distribution of diggings on 236 plots within component space derived by P.C.A., varimax loadings,
64 vegetation species (see Fig. 3), Components 1 and 2
Distribution of woylie nests on 236 plots within component space derived by P.C.A., varimax
loadings, 64 vegetation species Gee Fig. 4), Components 3 and 4. The component framework has been
divided into segments of one unit each. The numbers in each represent the mean number of nests per
plot for the plots within each segment.
Distribution of diggings on 236 plots within component space derived by P.C.A., varimax loadings,
64 vegetation species (see Fig. 4), Components 3 and 4. The component framework has been divided
into segments of one unit each. The numbers in each represent the mean number of diggings per plot for
the plots within each segment

Distribution of tammar on 236 plots within component
64 vegetation species (see Fig. 3), Components I and 2

space der ived  by  P.C.A. .  r  a r imax load ings .

l0 Distribution of tammar on 236 plots within component space derived by P.C.A., varirnax loadings, 64
vegetation species (see Fig. 4), Components 3 and 4

li Distribution of 64 individual plant species within component space derived by P.C.A., Components

PaEe
4

l 0

1 0

I and 2
12 Distribution of 64 individual plant species (see Fig. 1l) within component space derived by P.C.A.,

Components 3 and 4
13 Distribution ol percentage fine sand on 48 plots within component space derived by P.C.A., vadmax

loadings, 64 vegetation species (see Fig. 3), Components 1 and 2 .

14 Distribution of total phosphates (p.p.m.) on 48 plots within component space derived by P.C.A.,
varimar loadings, 64 vegetation species (see Fig. 3), Components I and 2

15 Ground cover density : on 236 plots within component space derived by

P.C.A., varimax loadings, 64 vegetation species (see Fig. 3), Components I and 2
.  Dercen lage dens i tv  120+ cm

rb 5cruo  oensr rv  -  E ,  ,  
"  

on  236 p lo ls  w i lh in  componen l  :pace der ived  by  P.C.A. ." percenlage Dare grouncl

varimax loadings, 64 vegetation species (see Fig. 3), Components 1 and 2

17 Laboratory seed germination trials (50 seeds per treatment) showing the effects of various heat

t rea l  men ls  on  germina l ion  .

18 Boyicup trapping area-distribution of major understorey scrub communities

19 Boyicup trapping area-burn age map, showing the number of years since the understorey scrub was
last burnt
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Bolcup trapping area-trap layout, 1975 burn area

Boyicup trapping area-trap layout, 1976 burn area
The woylie-comparison of total male and female captures and recaptures

The woylie-comparison of adult and non-adult captures and recaptures

The woylie-adults, a comparison of tagged animals and new captures (untagged)

The woylie-non-adults, a comparison of tagged animals and new captures (untagged).

The woylie-monthly totals: (a) females with and without joeys; (b) joey births

The woylie-mean monthly weights: (a) males; (b) females ,

1975 burn-woylie radio-tracking locations
(a) 1976 burn-day time radio locations of woylies before and during burn.
(D) 1976 burn*night time radio locations and captures of woylies before burn

scrub density 0 to 60 cm
percentage bare ground
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The first hypothesis formed the basis of a vegetation
and site study dealing with the distribution of the
study species. It was an indirect approach to see
whether vegetation or edaphic factors influence distri-
bution and whether fire is implicated either directly
or indirectly.

The second and third hypotheses formed the basis
of a population study concentrating particularly on
aspects relating to movement during and after fire
and to re-establishment of the population.

Hypothesis I
Both woylie and tammar populations are centred

around certain site types which may be defined by
distinctive plant associations. Each plant association
is indicative of certain site characteristics, some or all
of which are identifiable.

Hypothesis 2
Woylies and tammars will survive within the burn,

but they will fall prey to predators during the first
weeks alter fire. Re-population of the area will be
effected by young animals from the unburnt sur-
rounds and large unburnt patches within the burn
area itself.

Hypoth€sis 3
Woylies reniain within thel home range area after

fire, not because they are excluded from the unburnt
surrounds by other home range owners, but because
of an innate fidelity to their home range area.

Hypothesis I was based on personal observations
made on woylie and tammar distribution obtained
during spotlight surveys and from trapping results.
Also, Havel (1975a) showed that plant associations
are indicative of site characteristics. Hypothesis 2 was
based on the results of an earlier study of the effects
of fire on the southern bush rat (Raflrs fuscipes)
(Christensen and Kimber, 1975), which indicated that
there was no emigration of resident R. fttscipes after
fire had destroyed all vegetative cover on their home
range areas. Hypothesis 3 was developed during the
testing of the second.

The first hypothesis was tested by means of
principal component analysis. Hypotheses 2 and 3
were tested using capture-recapture techniques and
radio telemetry to track marked animals before and
after two experimental areas were burnt. A study of
the animals' food, in particular that of the woylie,
was included at a later stage because of its relevance
to the species' survival in relation to the fire cycle.
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animals; for example, zooplankton (Miracle, 1974),
ants (Majer, 1976) and birds (James, 1971).

A rnajor consideration in choosing P.C.A. was the
facl that site vegetation types similar to those in the
study area have been dellned and mapped successfully
r'n the region immcdiately to the nofth (Havel 1975a
and 1975b). It thus seemed cerlain that a P.C.A. of
site and vegetation faclors would be successful in the
study area. It remained to establish whether woylie
and tammar distribution could be successfully inte-
grated into the sitc-vegetation framework and whelher
some of the underlying factors influencing their
distribution could be identif ied.

In case other nethods may have provided more
valuable information a hierarchical l inkage analysis
(McQuitty, 1964) was also tried.

METHOI)
The study area

An area of approximately 6000 km', including all
known woylie and tammar populations within the

State forest area east of Manjimup, was selected for
the study (Figs. I and 2). The area is in the south
coast drainage syslem within the mature to old
drainage lines on lhe upper reaches of the Warren
River (Betteray and Mulcahy, 1972). Although it is
further to the east, much of the eastern sector of the
arca is similar to the Perup association (McArthur
and Clifton, 1975) of broad, f lat, seasonally swampy
drainage lines separated by low ridges. Yellow podsolic
soils occur along the drainage lines while the ridges
are sandy gravels with occasional boulders and sheets
of laterite pavement. Open woodland of jarrah
(Eucalyptus narginata) and wandoo (E. wandoo) with
an understorey of low xeric scrub typically dominates
the ridges. The broad flat drainage lines support
occasioral trees of paper bark (Melaleuca preissiona)
and a tall open or closed xeric scrub layer.

The extreme south-western corner is occupied by
the Nyamup association representing dissected laterite
country with younger, more ferti le soils (McArthur
and Clifton, 1975). The valleys have steep sides with
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homogeneous throughout. Woylies occur uniformly
throughout the area with the exception of the denser
parts of the heartleaf (Gdstrolobium bilobum)
thickets occupied by the tammar in the valleys' These
results strengthen the hypothesis that woylies occur
on certain site types.

Accordingly, the main results are not presented,
but some of the data showing correlations between
woylie nests and scrub structure are presented later.

Similarly, results of McQuitty's (1964) analysis
carded out on the wide-scale study data are not
presented. The analysis was quite successful and
achieved a reasonable hierarchical assemblage.
However, some "unnatural" groupings occurred; for
example, species recorded infrequently tended to be
grouped together regardless of the lack of any
ecological affinity. Further, the method does not
allow interpretation of the underlying factors
responsible for the observed groupings. Apart from
confirming some of the affinities between the species
it contributed nothing new to the analysis.

The results presented below are the results of
P.C.A. of the wide-scale study area.

Distdbution of plots within the component space

Distribution of the sample plots

Ordination of the plots was accomplished using the
programme FACVA (Havel, 19754). This programme

combines the loadings of the vegetation species on the
component axes with their cover values on individual
plots to obtain scores which can be used as plot
co-ordinates. The plot co-ordinate (score) on any
component axis is the sum, for all species, of the
products of their loadings on that component and the
deviation of their cover value on that plot from their
mean cover value in the study as a whole. Varimax
rotation was used to obtain the best alignment of the
component axes.

Good separation of both plots and sites has been
achieved on both Components 1 and 2 (Fig. 3). These
two components represent 14'0 and 8'9 per cent of
the variance respectively. The plots on any particular
site tend to fall within the same general area of
component space. Exceptions to this occur on
heterogeneous sites which cover a range of site-
vegetation types, for example, the Moopinup (H) site.

Component I (Cl) separates the well drained sites,
concentrated towards the negative end of the axis,
from the wet and seasonally wet sites which occur
towards the positive end. Component 2 (C2) separates
sites in the western deeply dissected, high-rainfall
country (negative end) frorn those in the eastern
lower-rainfall area lpositive end).

Components 3 (C3) and 4 (C4) account for only 7'3
and 5'4 per cent of the total variance respectively.
Hence separation is not as good, and plots tend to be
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Figure 5

Distribution of woylie nests on 236 plots within component space de ved byP.C.A., varimax loadings,64 vegetation species
(see Fig. 3), components 1 and 2.
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Dist bution of tammars on 236 plots within component space derived by P.C.A., varimax loadings, 64 vegetation
species (see Fig. 4), Components 3 and 4.

Dist bution of tammars on 236 plots within component space dedved by P.C.A., varimax loadings, 64 vegetation
species (see Fig. 3), Components I atrd 2.
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Figure 1l

Dist bution of 64 individual piant species within component space derived by p.c.A., components l and 2.
l. Acscia saligna
2. Acacia sp.
3. Agonis pdn,iceps
4. As to ftea .fascicu laris
5. Astroloma pallidum
6. Astroloma ciliatum'7. Baeckeo camphorosmae
8. Banksia grcndis
9. Banksia littorulis

10. Banksia sphaencarya
ll. Bossiael eriocarpa
12. Bossioea linophJtta
13. Bossiaea otnata
14. Casua no humilis
15. Clematis pubescens
16. Conostllb setigera

17. Dariesia prcissii
18. Pultenoea eficiJolia
19. Drcsero bulbosa
20. D/),a dru armata
21. Drya dtu nivea
22. Euca llp t us ca lo phy lla
23. Euc a llp tus d ecipiens
24. EucalJptus maryinsta
25. EucaD,plus rudis
26, Euca b'p tus \ta nclo o
27. Gastrolobium bilobum
28. Gastrclobium spinosum
29. I{akea incrassata
30. Hakea lissocaryha
31. Hakea prcstrata
32. Hakea undulata

33. Hibberlia cuneiformis
34, Hibbeftia Lltnninghamii
35. Hibbeftia glabe ima
36. Hibbertia quadticolor
3'7 . Horea eltiptica
38. Hlpocalymma angustifolium
39. Leptomefia cunninghamii
40. Leptospemum ellipticum
41. Leucopogon oustralis
42. Leucopogo n cap i te / la tus
43. Leucopogo n p rop i nquus
44. Leucopogo n pu lc he IIus
45. Leucopogon yerticillalus
46. Macro?pmia fiedlei
4'7 . Melaleuca viminea
48. Melaleuca preissiana

49. Pe$oonia longdolia
50. Petrcphile serruriae
51. Phyllanthus callcinus
52. Pimelea suareolens
53. Podocarpus droulniarus
54. Ranuncultts lappaceus
55. SJnaphea petiolaris
56. Thomasia grandiloru
57. Trynalium ledifolium
58. Xanthorrhoeo grucilis
59. Xanthoffhoeat preissii
60. Xanthosia atkinsoniana
61. Xanthosia candida
62. E, ma ryinata-regrowth
63. Acdcia pulchella
64. P te id ium es cu lentum

-C2 Pteridium esculentum, Clematispubescens,
Hoyes ellipticq, Ranunculus loppaceus,
Bossiaeo linophylla, Persoonia longi"folia-
species associated with well drained, fertile
upper slopes in the high rainfall western
sector (Plate 4).

+C2 Xanthorrhoea preissii, Acacia pulchello,
Pimeleq suayeolens, Dryondrs nives,
Trymalium ledifolium, Leucopogon pul-

chellus, Thomasia grondiflora-speci.es
more common in the eastern sector, often
on poor, infertile sites supporting low_
quality forest (plate 5).

-C3 Eucolyptus msrginsta, Macrozamia riedlei,
Leucopogon propinquus, Hakea lisso_
carpha, Leucopogon verticillotus_species
commonly occurring on deep soils, very
similar to -Cl.
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Site-vegetation types representatiye of the extremities of the p.C.A. axis

{ ptate z
Extremity -Cl axis; deep sandy gravels on
well drained upper slope.

pl.te 3
Exuemity + Cl axis; broad flat seasonally wer

plste 5
Eitremity +C2 axis; poor infetile site in the

plate ?
Extremity C4 a{is; moist wet site in a

Plst€ 4
Extremity -C2 a-{is; well drained fertile upper
slopes in high rainfall western sector.

Plrte 6
Extremity + C3 axis; soils too shallow for tree
growth overlying massive granite.

Plale E
Extremity + C4 axis; dry upland site in easlcrn
sector subject to drought.

drainage line.

low rainfall €astern sector.

depression.

1 4
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massive lateritic ridges and of seasonally wet gullies
and depressions with coarse sandy soils respectively.

There is no correlation with time since fire. or with
either diggings or nest numbers.

The tammar
The scrub density at 120 cm+ (mean of 120 to

240 cm and 240 cm+) plotted with percentage bare
area within the component space on Cl and, C2
(Fig. 16) shows a correlation with tammar distribution
(see Fig. 9). Tammar distribution is limited to those
areas with 21 to 50 per cent overhead scrub cover and
with 80 to 100 per cent bare ground beneath. In the
study area, such thickets are forrned by only three
species, Gastrolobium bilobum (heartleaf), Melaleuca
viminea and, to a lesser extent, Casuarina humilis.

CHARACTERISTICS OF WOIT,IE AND
TAMMAR SITES

The woylie

Woylies occur on quite distinct site types charac-
terised by specific plant species and centred on a
specific area within the component space (see plate l).

WANDOO SITES

Specific identification of the principal components
has not been possible owing to the limitations of the
experimental technique and the extreme complexity of
the site-vegetation complex, However, a broad
description of woylie sites is possible.

Woylies occupy well drained sites wirh deep soils in
areas tending very marginally towards the more deeply
dissected topography of the Nyamup association of
McArthur and Clifton (1975). Good woylie sites, such
as the Boyicup study area, are more deeply dissected
than the more typical Perup association with low
ridges and broad shallow valleys. Hence, the soils
appear to be marginally more fertile than those of the
Perup association and other localities in the area. It is
of note that what was once the woylies' main habitat,
an area to the east of State forest, is today a fertile
farming area.

They appear to prefer the sandier soils, avoiding
areas. of massive laterite and the heavier soils of the
Nyamup association in the western sector. The broad,
shallow valleys typical of the Perup association are
also avoided.
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Figuft 14

Distribution of rotal phosphates (p.p.m.) on 48 plots within component space derived by p.c.A., varimax loadings,
64 vegetation species (see Fig. 3), Coftponents I and 2.
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Plat€ 9
Typical woylie nesting area. Fairly dense
understorey of B. ornata \NiLh 20 to 40 per cent
bare ground.

Plate 10
Typical heartleaf "tammar thicket", a closed

canopy but open at ground level. Note the
well grazed grassy understorey.

Plate 11
Vigorous heartleaf seedlings forming a dense
lhicket on ashbed created following a ho1 fire.

Plate 12
Within minutes of ignition under hot dry

condirions. flames leap ftom Melaleuca viminea
thicket fanned by strong winds.

Plale 13
Heartleaf thicket fifteen to twenty years old in
early stages of "degeneration". Note the large
numbers of dead and collapsing bushes.

Plste 14 >
Funnel lrap. The hanging \ ire rrip mechanilm

is barely visible at the rear end ol the enclosure.

1 8
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Gee Fig. 17). A hot fire is also essential for optimum
growth and survival (Table 2 and Plate I l). Similarly,
like some species of eucalypts (Christensen, 19?1)
M. viminea requires a hot fire to release the seed
from the capsules and create the clean ashbed
necessary for the germination of these tiny seeds.

Stem sectioning shows that, despite regular burning
ofthe surrounding ridges, thickets ofboth species often
reach the age of twenty to twenty-five years. The high
percentage of bare ground underneath, contdbuted to
by the tammar's own activities, reduces the fire risk
to almost negligible proportions. Only under
exceptional conditions of extreme winds and high
temperature will they bum (Plate 12). After the age
of about twenty years they start to degenerate and
collapse (Plate 13), and the tammars leave the area

(personal observation). Only another fire will
rejuvenate them.

Grasses grow best after fires of moderate intensitv.
and germinate in patches on the mosr favourable sitei
after a hot fire in the thickets (see Table 2). Frequent
cool grass fires would eliminate the thicket-formins
species and encourage lhe grasses. Grazing by
tammars and kangaroos (Macropus fuliginosLs) helps
reduce the grass fire hazard during the first few
critical years after fire (see Plate 31).

Tammar distribution may be seriously influenced
by the effect of fire on its cover and food species. The
balance between the tammar, tammar thickets,
grasses and fire is therefore extremely delicate and
could easily be upset.
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Figure 17
Laboratory seed germination trials (50 seeds per treatment) showing the effects of various heat treatments on germination.
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SECTION NI

Population Studies

INTRODUCTION

There have been relatively few detailed studies of
the effects of fire on mammals (Kozlowski and
Ahlgren, 1974; Recher and Christensen, in press)'
Most workers have concentrated on small mammals,
and in only a few cases have population parameters
been studied in any detail (for example, Christensen
and Kimber, 19?5: Lawrence, 1966i Leonard, 1972:,
Neal. 1967; Recher et al.,19'74).

One important characteristic of mammalian popu-
lations which has received little or no attention in
relation to fire is the phenomenon of territoriality and
home range attachment. This is a characteristic unique
to animals because it is based on mobility, and it may
therefore be expected to be an important factor in
mammalian fire ecology,

Several investigators have found that many small
mammals survive fire. Christensen and Kimber (1975)
recorded no exodus of Rattus:fuscipes lrom the
trapping area after a hot fire. The rats stayed in the
burnt area, showing a remarkable attachment or
fidelity to their devastated home range areas.

The attachment to home range is so strong that
destruction of most of the physical charactedstics of
the site fails to induce the animal to leave This
behaviour may have far-reaching consequences,
particularly on primary population parameters.
Natality, mortality, immigration and emigration
(factors which affect re-population of burnt areas)
would be profoundly influenced by such behaviour.
Fire adaptations may be related to these aspects of
the species' biology.

This study uses an expetimental approach, com-
paring population parameters of pre- and post-fire
populations with those of an unburnt control area. It
is specifically designed to test Hypotheses 2 and 3
proposed in the Introduction.

DESCRIPTION OF THE STUDY AREA

The Boyicup study area is located approximately
50 km due east of Manjimup in the south-east corner
of  the genera l  s ludy area (see Fig.  2) .  The area is
within the headwaters of a number of small seasonal
tributaries of the Tone River. It is not readily assigned
to any of the associations of McArthur and Clifton
(1975). The ridges are well defined and the valleys are
moderately incised, the former represented by site F
(see Plate 9) and the latter by site R (see Plate l0) in
the wide-scale survey (Appendix I). The major under-
storey communities are shown in Fig. 18.

There is no permanent surface water in the area,

and streams flow for only a brief period towards the

end of winter. Selective logging has occurred over

most of the area and there are numerous tracks. As a
part of State forest the area has been subject to

regular prescribed burning (Peet, 1967) on a five- to

seven-year basis since 1955. This has resulted in a
mosaic pattern of different ages of understorey scrub
(Fig. l9). Such a pattern is a natural consequence of

frequent fires, but the network of logging tracks has

accentuated it.

METHOD

Two separate experimental burns were carried out.
(1) The 1975 burn was designed to test Hypothesis

2, viz. woylies and tammars will survive within the

burn but will fall prey to predators during the first

weeks after fire. Repopulation of the area will be

effected by young animals from the unburnt sur-

rounds, and from large unburnt patches within the

burnt area itself.
(2) The 1916 burn was designed to test Hypothesis

3, viz. lhat woylies remain within thet home range

area after fire, not because they are excluded from

the unburnt surtounds by other home range owners
but because of an innate fidelity to their home range

area.
Trapping and radio-tracking of both species was

carried out before, during and after each burn. Cage
traps (Sampson, 1971) were used to trap the woylie,

and funnel traps (Plate 14) were used for the tammar.

The tammar traps initially had wire funnels, but
woylies which entered them escaped through them,

dug under the wire or climbed out using the corners.
After considerable experimentation a design incor-
porating a sliding door set off by a mechanism similar
to that of the cage traps, a wire bottom and wired-over

corners proved successful for both species.
A mixed bait based on peanut butter, raisins and

oatmeal (Giles, 1971) was used for the woylie. Wheat

bait was used for the tammar. All animals were

ear-tagged (Sampson, 1971) and weighed to the
nearest gram on a beam balance; measurements of

ears, head, pes and tail were also recorded. In

addition, all animals were aged (see Appendix III),

and joeys were weighed, measured and tagged when
possible.

In addition to the trapping, certain individuals were

tracked over a period before, during, and after each
burn, using radio telemetry. A twelve-channel AVM

Model LA12 portable receiver, operating on the

150.850 to 151.150 MHZ band, was used with a

22
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map. Animals were first located with the hand-held
yagi attachment used from the back of a vehicle. Two
observers were then used, one to accurately locate the
direction of the signal from a trap point, and the
second to take bearings along the main beam of the
yagi antenna. Location of the animals was established
by plotting the intersecting bearings on a grid map of
the area. Tests carried out in the study area showed
the average error of locations plotted in this way to
be approximately l5 to 20 m.

A Rustrak continuous drum recorder plugged into
the receiver using a ground plane antenna was used
for continuous recording of nocturnal activity.
Animal movement was recorded continously (Plate 17)
while the animal was within range of the recorder
(approximately 200 to 250 m).

Th€ 1975 burn

Permanent trap points for cage traps were located
at 100 m intervals along the existing network of
tracks which are spaced approximately 400 m apart.
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A central area of 225 ha (the area to be bumt) was

surrounded by an unburnt control perimeter 800 m
wide. To have as many animals tagged as possible,

the entire area was first trapped. One hundred and
twenty cage traps were used on a weekly rotation
requiring three weeks trapping to cover the entire
area. From the second month after the fire trapping
was confined to the central burn area and a portion

of the control area immediately to the south (see

Fie.20).
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tr'igure 19

Boyicup trapping area burn age map, showing the number of years sjnce the understorey scrub was last burnt.

Plate 17

Typical trace on Rustrak r€corder showing transmitter animal
within and out of range of the rccorder.
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Figure 21

Boyicup trapping area-trap layout, 19?6 burn area'

Data analysis and Presentation

Certain problems were experienced with the

analysis and presentation of the data'

( l l  The in i r ia l  t rapping gr id  was p lanned in  an

attempt to obtain the best possible data on movement

but was found to be too large. This resulted in

unequal trapping effort in different sectors during the

pre-burn period of 1975.

(2) Woylie captures in the funnel traps set for the

tammar were exceedingly high (Table 3)' This meant

dividing the woylie data according to trap types' or

using relative comparison where possible'

These 1\ o factors precluded the use o[ many con-

ventional techniques for estimation of population

parameters such as those of Leslie and Chitty (1953)

and Jolly (1963) as well as the compilation of life

rables {Gi les.  l97 l  ) .

(3) Wilh regard to written presentation, repetition

of experimental details as a result of two separate

burns, with pre- and post-burn populations of two

species, was a major difficulty. Added to this was the

nicessity of having to divide the woylie data according

9 290 ago meir€s
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to trap types. In the interests of a concise presenta-

tion it has therefore been found necessary to pool

data from the two burns, especially since, for the

purposes of lhis lhesis' there was no great adrantage

in keeping them separate.

THE PRE-BURN POPULATION_TIIE WOYLIE

A summary of trapping results over the three-year
period of the study is presented in Table 3'

Ag€ing the population

Details of the methods used are presented in

Appendi \  I I l .
For the purposes of this study, four age categorles

are recognised.
(1) Joeys-pouched joeys, from birth to approxr-

mately 90 to 100 days. Tooth eruptions: dp4 has

emerged and p3 emerges just before the next stage'
(2) Juveniles-between approximately 100 and

days old. Tooth eruption: M0.0 to M2'0'
(3) Sub-adults-from approximately 200 days to l0

or 12 months. Tooth eruption: M2.0 to M3'2 before
p4 has replaced P3 and dP4.
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Figur€ 27

The woylie-mean monthly weights.
(d) Males

Home range areas were also calculated using the

minimum area method (Stickel, 1954) on the radio

location maps for the 19?6 burn (see Table 7) The

minimum area method was used because it is not

Dossible to use the more accurate exclusive boundary

strin method on this type of data. As consequence,

comparisons of pre- and post-burn areas should be

madi separately with trapping data and radio data' It

is also considered that radio location data largely

rel]ect the feeding area. whereas lhe trap data may

often indicate agonistic behaviour on the boundaries

of the home range, hence tending to give a larger

area than that calculated from radio location data'

Home ranges calculated from trapping data (see

Table 7) were somewhar smaller than those reported

for the Tutanning woylie (Sampson' l97i)'

Animals caught three or more limes were used to

construct a table of movements (Table 8): a move was

interpreted as a shift of more than 400 m to an area

where the animal was recaptured at least twice' A

(n Females

move was considered successful if the animal remained

in the area for a period of four months (the time

needed to engage in successful reproduction)' No

such drifts in home range occuned in the control

area.
Mapping of the radio location data for the 1976

burn revealed two distinct parts to the home range: a

nest area shown by the day time locations and a

feeding area shown by nocturnal locations [Figs' 29

(a) and (b)1. The woylie has several nests in use at any

one time: animal transmitter Channel 4'35 illustrated

this particularly well (Fig. 29).

A cluster of localions on the map (Fig. 29) repre-

sents a nest; each location in a cluster should fall on

the same point, but tracking and mapping errors all

contribute towards inaccuracies. It can be seen that

three or four nests were used alternatively and in a

random mannet over a period of weeks' Nests

(clusters) are less obvious among the radio tracking

data for the 1975 burn because aerial interpretation
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Figure 29 (a)

tE RADIO LOCATIONS OF WOYLIES-
tE AND DURING BURN
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Figure 29 (r)

TIME RADIO LOCATIONS AND CAPTURES
WOYLIES-BEFORE BURN
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Data obtained using the Rustrak continuous
recorder, showing the mean number of hours per
night spent within its range, suggested that the woylie
moved and fed within a fairly restricted area on any
one night (Appendix IV). The greater part of most
nights was spent within the 200 to 250 m radius range
of the recorder.

Further indication of the woylies' limited range of
movement is provided by results from the transpo a-
tion expedment (Table 9). Forty-five woylies were
transported and only five returned; four of these
were animals transported distances of 3000 m or less
from their home range areas.

THE PRE-BURN POPULATION-THE TAMMAR

A summary of the trapping results over the three-
year period is presented in Table 3.

Ageing the population

Details of the method used are presented in
Appendix III. For the purpose of this study four age
categories are recognised.

(l) Joeys-pouched joeys from birth to approxi-
mately seven to eight months. Tooth eruption: M1.0
is just starting to rise.

(2) Juveniles-approximately between the ages of
seven to eight months and fifteen months. Tooth
eruption: Ml.0 to M2.0.

(3) Sub-adults-from approximately fifteen months
to two years. Tooth eruption: M2.0 to M3.0, before
p4 replaces p3 and dp4.

(4) Adults-from approximately two years. Tooth
eruption: animals with p4 present.

These age classes appoximate those of Jones et a/.
(1966\.

As with the woylie, a non-adult category including
juveniles and sub-adults was used in most of the
analyses.

Population analysis

Population structure

Almost all data refer to the 1975 burn. However-
where applicable, data from incidental tammar

captures made during the 1976 burn for woylie studies
were used.

Trapping in the unburnt control block was not
properly organised until just before burning. Con-
sequently, capture percentages before burning were
largely provided from the burn area @ig. 30). Pre-
burn trapping had not proceeded for long enough,
eyen in the burn block, to enable the numbers of new
captures to reach a steady level (Fig. 31).

As with the woylie, male captures were significantly
higher (chi-square test) than female captures, but the
difference in the actual numbers of males and lemales
caught was not significant. Non-adults comprised
16 67 per cent of the population.

Survival

A table of known survival, similar to that con-
structed for the woylie, was made up for the tammar
(Table 10). No significant differences in known
survival between sexes of adults and non-adults were
observed in the unburnt control.

Reliable figures for the suwival of pouched young
are not available because too few recaptures of
tammars were made during the winter.

Reproduction

Birth dates of tammar joeys were estimated using
head and pes length (Appendix III). Data from three
years of trapping were combined (Table 11).

The breeding season commences in mid-December
and finishes in early February, although occasional
births may occur during March. The season is almost
one month earlier than that of the tammar on Garden
Island (Jones et al., 1966). Females have their first
joeys.at the age of approximately one year (tooth
eruption stage M1.8 to M2.0).

Weights

The tammar exhibits sexual dimorphism; the mean
weight of adult males is 4746'5 g and of adult females
is 3657'4 g (significant difference at 0'001 level,
Students I test). Only the data for males were
sufficient for analysis, and these showed considerable
seasonal variation. As with the woylie, weights taken
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Trble 9
FATE OF WOYLIES TRANSPORTED FROM THEIR HOME RANCE AREAS

Sex Matuity
Distonce rcleosed lrom home runge arco (ml

2000 to 2 500 2600 to 3000 3100 to 3 500 3 600 to 4 000 4100 to 4 500 46N to 5 000

Males

Females

Non-adult

Adult

Non-adult

Adult

I

I  ( l )

1

I

5 (2)
3 0 )

t

I

I

I

2
I

6 0 )
3

I

2

I

6

3
2
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Figures in parentheses are number of animals that returned to their home range areas.

42



EN

00.t

sz.0

z8.l
z8.l

I

0z
€s

8I

II

II

98.t

LO.t

6S.9

SL

LS

I8

t9I

9t
tI

LZ

LI.E
tt.t

r6.z
9t.v

8€

8S

zl
ZI

II

€I

IINPV

llnp€-uoN

0leurod

.phl

, 
(sqluoa\

DAN

\s1ltuou1)

IDIOJ
Io

(stltuou)

uDalN

Gllluou)

IDJOJ

EouluDlsqtuoul)

uoaw

lslttuoul )

IDIOJ

urnga8pa urng

'u,t\ou{ lou s! pasuduloJ slstulue
esaql sdnor8 el"pdas ,(u€lll,t\oH sslelsoq flloJ ^luo

Jo eale lelJrql e ,{dncJo ,{etu sjeuruel ,{uoJ 01 ,{uql

flalEurrxoJdd€ alls pooa 3 uo l€ql palEJlput ult?p
?uldderJ 'Jeruluel 

Jo sJequrnu aStel flSulslJdjns ,{q
pe-rdncao ero,r le{rlql Jo s€eJe IIBUIS f,le^tl€JeduloC
'slelrrql uea,4 leq saSpu eql uo lq8nt?J sl€npl^-Ipul ele,{\
^ euors€cJo fluo 'sle{rlql 

Jeelupaq Jo a8pa aqt 'ol

asolJ [re^ Jo 'ur lq8npJ s,{e,{\le ]sourle 3J3,t\ s.r€tuu€J
'eere ejrlua aql ra^o peppu8 ere,$ sdeJl IsuunJ ueq,,(
'urnq 

9L6I eqt ur peurrJuoo sE,t\ sJqI 'spunotlns

rv-^.r^uns NA.oN)-uvh[{vr aH"l
OI EIqBI

umq S/6I 
'sorntdBr o8etlle .d-ftrutuBl eqJ

0C atn8rtr

lunldvS ro H].Nov!

elsrpelulur rraql pue sla{31q1 JeellJ€eq eql 01 peulJuol
ere,r sreuruel Jrlt leql pat€Jrpur iL6I ur Surdd?rl

sluaua^ol l

'erT,{o,r aqt Jo 1€rll ueql
raq?rq leq,roruos 'luer Jed 9.rI Jo tq8re,r ur ssol e
'lsngnv Suunp 3 0. I9g? Jo ,rol B ot req[re^oN Suunp
I V.Z6ZS Jo {eed z uro{ IIaJ salpru tlnpe Jo lI{8Ie,lA
ueelu aqJ '(Z€ '8lC) lsn8nv ol qrmtrN pouad eql
Suunp slqara,r tuo{ ,{ltumlJru8rs pereJJrp (frEnrqeC
01 reqolco) lser^Eeq eJ€ ,{oql uaq.{ aurl aql tuo{

u:
el

.I

sa
u

q
1r
u
11

I
l

e
3

J

I

J

I
S

916t
1,9.

.l cl

=l



tn

00.t
sz.0

z8.I
z8.n

ZL
I

oz
€s

8I

t

II

II

98.t

L0.l

zs.t
69.5

SLT

LS

I8

I9I

9e
tl

Lt.t
tt.t

16.z
9t.v

8€

8S

zl
zl

II

€I

IINPV

llnp€-uoN

slPured

oph{

lt1lluou )

uDati[

\sutuour )

IDIOJ

slDLuluD

{o
\stltuou)

uoaw

(s1lluou)

IDIOJ

qDuluD

uDaw

lsltluou)

IDIOJ

lo

uJngaBpa urngluluoJ

'u,t\ou{ lou sl posudllloc slstulue
asaql sdnor8 ele.redas ̂u€ur ,{\oH 'solPlJoq ,{ltoJ ^luo

Jo sare la)Jrql " ,{dnJJo ̂€lu slpu.IurEl ,{lloJ 01 ,{ulql

,{IaleurxoJdde alls poo8 e uo 13ql palstlput €l€p
SulddprJ r€rurrrBt Jo sJaqurnu aar€l dlSurslrdrns fq
pardncJo era,u le{Jrql Jo s€are IIEIxs ,{13^IlsleduoC
'sle{crql uee.{\teq seSpu or{l uo lqSn€J sl€npr^lpul 3r3,\\
,(l[€uors€c.o .(1ug 's1a1crq1 

JeeJueaq Jo e8pa eqt 'ol

esolJ fra^ Jo 'ur lq8npc s,{"^\p tsourle JJo,,!\ sr€urur€J
'€eJE eJrlua aql ra^o pappu8 er3,$ sde.rl IsuunJ ual{,,'\
'u.rnq 

9461 eqt ur paurlJuoJ se,,r\ sIqI 'spunotlns

rv^r^uns N/d.oNt-{vhu{vr fHl
OI AI$I

umq SL6I 
'serntdBr oBellle sd-ftruluB] eql

0€ etn8rI

lUn-LdVO lO Hl.NOl,"l

slerpsrurur Ieql pu€ sl3{3rq1J€el ueq eql 01 peulJuoJ
ere,u sr?Illrupt or{t teqt peleJrpur il6I ur Surdd€rl

sluauro^oJ I

'arTdo^\ aql Jo l€ql u?ql
raq8rq l€q,reruos 'tuer Jad 9.rI Jo tqBJe,r ur ssol E
'lsn8nv Suunp a 0. I9€t Jo ,r\ol p ol raqute^oN Suunp
B V.Z6ZS Jo {Ead E ruo.rJ IIaJ selelu tlnpe Jo lqSlo^\
u?elu aqJ '(Z€ AIC) tsn8nv 01 qr.re1,X por:ad eql
Suunp slrl8ra,r ruo{ ,{ltuBJIJru8rs peJaJJrp (,{r€nrqaC
ol reqolco) lser^eaq eJE ,{3ql uaq.,[ e[uB eql (uo{

ui
3l

.I

sa
u

q
lr
u
11

Ir
J

e
fr

.E

o
^-z

o
m
o

I
c
m

J

l

I

I
i



T.ble 11
THE TAMMAR-JOEY BIRTHS '974 TO 1976 COMBINED DATA

A table Af movements, similar to that constructed
for the woylie; was made up for the tammar (Table
12). Unlike the woylie, there was considerable move-
ment of tammars in the control area. Most of the
animals that emigrated were mature males.

Radio-tracking data on the tammax were limited to
those obtained from five individuals and hence are
not as comprehensive as the woylie data (Fig. 33).

Tammars live in groups, individuals having no
defined home range or territory. They appear to be
group-territorial (Jones el al., 1966). No reliable
information was obtained on the size of groups.
However, it appears that they may comprise a dozen
or more individuals. Family units comprising a male,
a female and a sub-adult joey were occasionally caught

together in the traps. Observations of tammars at
feeding station suggested that there is a strict
hierarchy. Agonistic behayiour was
observed, although physical encounters were rare.

Animals with transmitters which moved
neighbouring thickets after the 1975 burn
"fringe areas" in what appeared to be sub-optimum
habitat, close to other groups. This may indicate a
degree of hostility between members of different
groups. Certain individuals, usually males, appeared
to be able to move freely between adjacent groups in
neighbouring thickets. One of these animals with a
transmitter, Channel 7, appeared to be equally at
home in two adjacent groups occupying thickets
1 km aDart,
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Plate 20

Tree canopy scorch. Note the blackened trunks and dead leaves of
the overstorey trees, The ground vegetation has been completely

removed by rhe f i re.

Plate 21

Understorey burnt. Note green leaves on the overstorey trees,
( lump< ol dead under)rorey remain.

Pl^te 22

Understorey burnt, Areas of ground vegetation remain unburnt
in some piaces.

Animal behaviour during the fires-woylie and
tammar

Animals with radio transmitters, both woylies and
tammars, were monitored during the fires. Results are
given in Table 13. In no instance did any of the
animals leave their known home range areas during
the burn [see Figs. 28, 29 (d) and (D) and 33]. Only
one animal, radio transmitter Channel 8'3, died as a
direct result of fire. This individual sought refuge in a
hollo',v log which subsequently caught fire, and the
animal was choked to death.

One animal's movements during the fire, a woylie
(animal transmitter Channel 615), were recorded in

Table 13
BEHAVIOUR OF ANIMALS WITH TRANSMITTERS DURING FIRE

Plate 23

Regeneration of forest in area of canopy scorch eight months
after the fire.

detail (Fig.35). This animal's behaviour was fairly
typical of that exhibited by other individuals of both
species. Woylies remained in their nests, and tammars
in their resting places, until the very last minute when
they yacated them to move in front of the flames
until an unburnt patch became evident. Such unburnt
patches are common in most f ires (see Fig. 34) and
eren a  smal l  one u iJ l  p rov ide  su f f i c ien t  re fuge.

The tammar with transmitter Channel 7 sheltered
underneath a log in an unburnt patch of no more
than 20 m'? while the fire raged all about it, scorching
the leaves on trees 40 m high.

In cases where no suitable unburnt patches remained
before the fire had pushed the animal to the limits of

Species

Number of individuals

Unbumt* co4trol Doubled bock through Found in unb rnt Hid in log

Woylie

Tammar

6 9 6

4

* Control animals in unburnt habitats remained in th€ir nests.

46

t One individual died from suffocation.
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UNBUBNT CONTBOL

- - - - - - - - T n A C K S

THE FIRE WAS LIT ALONG THE TWO TRACKS BETWEEN 1230 h
AND 13OO h AND BUBNT OUT THE AREA BETWEEN THE TRACKS
aY 1430 h

Figure 35

Woylie, tnnsmitter animal Channel 6.15, movements during the
1975 burn.

No changes in the relative proportion of males to
females were observed in the 1976 burn. However,
the last trap session appeared to have a relatively
higher proportion of male captures, so it may be too
soon yet to make an assessment on this burn.

The most obvious change after the 1975 fire was
the increasing proportion of non-adult captures
relative to adult captures Gee Fig. 23). Again, this
difference was a real one in terms of the number of
animals caught per session. Before the fire the
numbers of adults caught per session were very
significantly higher than non-adult nunbers, whereas
after the fire this difference was only just significant.
Among the new untagged animals the ratio changed
from significantly more adults before the burn to
significantly more non-adults after the burn (Table
l5). Some of this difference was undoubtedly owing
to the fact that at the start of the study all animals,
including adults, were new and untagged. However,
since the difference in the control was much smaller it
seems that there was a significant increase in the
proportion of non-adults on the burn.

Exactly the same pattern may be observed after the
1976 burn [see Fig. 23 (c) and (d), and Table 15].
Note tha't the pattern in the control, where re-
population was taking place after removals, was
similar to that of the burnt area.

Not enough animals were captured for detai.led
analysis, but a broad comparison of the total number
of non-adults compared with the numbers of adult
females caught each year provides further evidence of
an increase in non-adults on the burn Oable 16). The
population of non-adults increased three times as
much as the adult female population over the three
years of the study. No increase was evident in the
control area.

Re-population of both burns and the 1976 removal
(control) area was effected almost exclusively by new
untagged non-adults. This was similar to the
"normal" pattern of replacement in the unburnt
control (see Fig. 24). After all trappable animals in
the area had been captured, any new untagged woylies
must all have been non-adult Gee Fig. 24).

The pattern of re-population in the 1976 burn
removal area was similar to that on the burnt areas,

FIRE FRONT
AT r 300 h

Table 14

TOTALS OF ANIMALS CAUGHT PER SESSION, COMPARISON OF SEXES

IN NEST AT 1O3O h
NEST AT ]305 h

Total number ofdnimols

d I o ?

1975 Burn

1976 Bum

Pre-burn

Post-bum

Pre-burn

Post-bum

c
B

c
B

B

c
B

98

88
lt4

49
96

l0
46

NS

NS

NS

69

4

45

l4

40

l 5

20

19

22

7

NS

NS

NS

NS

NS

NS

NS

26

9
7

l )

l l

2
2

C : Control

50

B = B u m
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Irble lE

THE WOYLIE-PERCENTAGE OF ANIMALS PER CAPTURE CLASS DURING THREE PERIODS OF FOUR TRAP
SESSIONS EACH, 1975 BURN

Trup period

CONTROL
Percentage of animah per capture class

BURN
Pelcentage oj animols per copture class

I
caPture

2
captufes

3
coptules

4
coptufes

I
caPture

2
captures

3
coptufes

4
calrfires

Prc-bun1
Sept. l9?4 to
March 1975

Post-burn
March 1975 to
August 1975

Post-bu
Oct. 1975 to
Dec,19'76

75.0
Q4\

71 .0
(22)

41.7
(15)

18.7
(6)

25.0
(8)

4 t . 7
05)

6 3
Q)

4.0
( l )

13 .9
(5)

2 1
(1)

q'7
(u')

66'1
Q4)

60'0
(30)

35 .6
(2t)

19.4
(7)

20.0
00)

16 .9
(10)

1 1  . l
(4)

14.0
(7)

6.8
(4)

2.8
o)

6'0
(3)

Figures in parentheses are actual numbers of animals.

Reproduction

No effects of fire on reproduction were obserued.

Weights

There was an increase in the weights of adult
animals on the 1975 burn relative to those on the
unburnt control following the first spring after the

fire. Weights of animals on the burn were significantly
higher (0'001 level, Students I test) than those on the
control area between October and April [Fig. 36 (a)1.
The difference was still apparent in December 1976,
but the figures were not significant.

Woylies on the 1976 unburnt control area did not
show the same seasonal loss in weieht as those on the
1975 burn area [Fig. 36 (D)].

I
F
I

I

z
.", ,j tboo

2 , 3 ' 3 , 4 r 5 _ 6 r 7 ' 8 ' 9 ' 1 0
1975

MONTH OF CAPTURE

| "unr': fi corurnor

Figure 36

The woylie-mean weight per trap session,

1975 BURN

1976 BURN
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AREA CALCULATED USING THE EXCLUSIVE BOUNDARY STRIP METHOD {SEE TEXT)
GRAPHS COMMENCE AT THIRD CAPTUBE

Figure 38

The woylie home range areas calculated for successive captures,

locations (nests) gradually shifted further eastwards
into the empty area through time [see Fie. 37 (a)].
This behaviour typifies the general pattern of move-
ment observed after the burn, viz. there was no
immediate exodus from the burn but rather a gradual
change brought about by "probing" moves into new
and unfamiliar areas.

FIRE EFFECTS-THE TAMMAR

Population analysis

Populqtion structure

Despite considerable trap interference by brush-
tailed possums (Trichosurus vulpecula) and a bird,
the squeaker (Strepers vercicolor), large numbers of
which were trapped after the fire, the capture rate of
tammars increased dramatically (see Fig. 30). The
highest capture rate recorded during the study (42 per
cent) was recorded immediately after the 1975 fire. A
general weight loss at this time (see Weights, below)
although not significant, suggests that the high capture
percentage might have been the result of shortages of
food in the new burn,

Capture numbers decreased after this, and after
June they were consistently and significantly lower
than before the fire and lower than those on the
control. There was an inclease in captures on the

burn during the April 1976 session and this was
attributed to the animals' attraction to the new green
grass on the burn after autumn rain.

The structure of the population caught in the burnt
area also changed. During the four trapping sessions
between October 1975 and December 1976. nineteen
adults and no non-adults were captured on the bum
(difference significant at 0.01 level). During the same
period twenty-one adults and seven non-adults werc
captured on the control area (difference N.S.). Eleven
of nineteen animals on the burn were tagged anima.ls
coming in from the unburnt surrounds, three having
previously lived in the burnt area. The remaining
eight were all new untagged adults.

Unlike the woylie, there was no increase after the
fire in the number of tammars trapped only
(Table l9). This suggests that there was no increase
mortality on the burn area after the fire. This
because there had been no re-colonisation by
tammars on the burn. The animals caueht there
adult animals from the surroundins unburnt areas.

Survival

Survival of female compared with male, and
adult compared with adult tammars appeared to
considerably lower on the burn area than on the
and control areas (see Table l0). The diff
were, however, not significant.
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Table 20
MORTALITIES RECORDED DURING THE STUDY

(a) The $oylie

Probable cduse of dealh

European Wedgetailed
eogle

Starvation Olhers

Animals with transmitters

Recorded orl recent burn

Recorded elsewhere

Trap deaths

9

4

2

4

2

I

I

2 I

I

I

5

TOTALS 15 ,7 I 2 I 2 5

(b) The tammar

Prcbable cause oJ death

Eutopeon Wedgetailed
eogle

Stan,ation Paral!sk Olhers

Animals with transmitters

Recorded oD recent burn

Recorded elsewhere
Trap deaths

I

2
4 5

I

4

TOTALS ,7 5 24 4

of such animals were found dead with no marks on

them. A proportion of the deaths attributed to the
fox and the natiye cat after fire were undoubtedly

shocked animals which would fall easy prey to these
predators,

The tammar

The European fox again appeared to be the main
predator in the study area. The deaths attributed to
the wedge-tailed eagle are known from skulls collected
from underneath a nest in Dryandra forest. Most
s rud ies  on  eag les  suggest  a  la rge  "ca teng ing  com-
ponent, so their role as a predator is difficult to
determine precisely. One very thin emaciated animal
was found dying, apparently from starvation, shortly
after the 1976 burn.

The largest single cause of death during the study
was owing to trap mortality, usually attributable to
shock. When caught in the funnel traps, animals
would normally leap about wildly on human
approach.

On occasions an animal would collapse, paralysed

in the hind- or the fore-quarters, pupils dilated as in

shock, There were no cases of recovery from this
"shock syndrome" and injections with corticosteroids
were of no avail. A post mortem carried out on two

animals by the Veterinary Pathologist, Department of
Agriculture, Perth, revealed nothing specific which
could be related to the animals' condition.

The condition might be a form of the so-called
"over-straining disease" (Harthoorn and Van Der
Walt, 1974) or "fear shock" (Guthrie e/ a/., 1967).

Recent research (Oliver e/ al., 1977) indicates that
many species of animals in the south-west have a very
high resistance to the poison sodium fluoroacetate, a
compound occurring in certain species of native
legume. Heartleaf has a high sodium fluoroacetate
content, and it is possible that the animals eat the
seeds or vegetative parts. Animals with high poison
loadings subjected to excessive strain could suffer
some form of breakdown leading to the symptoms
observed.

DISCUSSION

The woylie

The pre-fire population is composed largely of
adults, seemingly with a higher proportion of males
than females. Mortality in the juvenile stage is very
high indeed; only l l4 to 15'4 per cent may be
expected to suryive to the non-adult stage, No evidence
was found for widespread dispersive movements; areas
are vacated through death of the resident and appear

-
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SECTION IV

Food Studies

INTRODUCTION

Detailed work on food seemed beyond the scope of
this study in the time available. Sampson (1971) was
unable to recognise anything substantial in the gut
contents of woylies obtained from the Western
Australian Museum. From the results of some cursory
scat analyses he postulated that roots and tubers
formed a substantial portion of their diet.

Examination of the gut contents of a road casualty
indicated that a food study might be feasible, and
that it might be of considerable interest. No green
matter was recognisable in the guu the contents
appeared to be an unrecognisable arnorphous mass as
reported by Sampson (1971). However, detailed
microscopic examination revealed vast numbers of
fungus spores. Six distinct spore types were recognised,
and much of the "amorphous mass" appeared to be
f r r n o a l  i n  n r i o i n

On the strength of this observation soil in the
vicinity of diggings, presumed to have been made by
woylies, was carefully sifted and some small white
hypogean fungi discovered. Further sifting of soil in
the area yielded a collection of twenty-six specimens.
The spores of some of these matched those found
amongst the gut contents of the woylie road casualty.

The collection was examined by R. Hilton (Botany
Department, University of Western Australia) and

was found to comprise four species of gasteromycetes
and one specimen of a species of Tubersles. One of
the gasteromycetes was a species of Mesophellia @late
24). Pieces of the outer peridium of specimens of this
genus have since been found frequently in association
with fresh diggings in burnt areas (Plate 25).

Plate 25

Digging on iecently burnt ground. Pieces of outer pe dium can be
seen discarded on the freshlv dus soil.

A more extensive collection of hypogean fungi is
currently being examined by Dr. J. M. Trappe (U.S.
Department of Agriculture). It seems that a wide
range of species is involved, many of which are as
yet undescribed.

Although small mammal mycophagy is well known
(Fogel, 1976; Trappe and Maser, 1976), there are few
records amongst the larger mammals. One study of
the potoroo (Potorous tridacb)lus), an animal similar
to the woylie in many ways, indicated that its diet
contained a high proportion of fungi (Guiler, 1971).
Guiler considered that the potoroo's diet of hypogean
fungi was a major factor in enabling the animal to
survive when most other species perished after bush
fires at Mount Nelson in Tasmania in 1967.

Cleland (1934) records husks of Mesophellia species
near scratchings made by animals in burnt country
near Kuitpo, South Australia, and suggests that these
and other species are associated with bush fires.

In view of this it seemed likely that:

(1) hypogean fungi might form a substantial part of
the woylies' diet;

(2) fire might be implicated in the germination and
growth of these fungi.

Plste U
Sporocarps of MeJoprel/ra sp. The transverse section shows:

(lr) Outer pe dium
(D) Spore-bearing layer (hymenium)
(c) Central edible sterile columella
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(2) Fungal matter-hyphal tissues and sterile
columella

Categodes (2) to (5) were recorded in terms of the
total number of squares occupied by each per field.
The separation of wheat grain tissue was found
necessary because the grain used for baiting traps
frequently occurred in scats collected from the traps.
Sand grains, although recorded, were ignored in the
analysis because faeces were generally contaminated
by having been in contact with the ground.

Sampling errors per slide, at 95 per cent confidence
limit expressed as percentage variation of the mean,
were: 18'24 per cent (range l1'4 to 28) for fungus
spores (based on the most frequent type, Mesophellia
species); and 51 7 per cent (range 31 1 to 106) for
lungal and cellular matter. lt would have been
possible, but very time-consuming, to reduce the error
on the fungal and vegetative matter by taking a much
larger sample. This was not warranted because of the
comparative rarity of cellular material in the diet
(Table 2l).

The stomachs of eleven individuals that died during
the study were available for analysis. The results were
used to confirm scat analysis data. The method
employed was to take a sample, wash it through
cheesecloth under a running tap unti l clean, t ' loat it in
a petri dish of water and examine it under the micro-
scope at 12 x 4 or 12 x 8 magnification. Twenty fields
were examined in each of two separate samples using

plate 29
Spores of Aust ralasia c,4/orospofd (Eleciron micrograph,

5000 magnification). (Photograph Njck Malajczuk)

(3)
wheat

(4)

(5)

Cellular matter cellular plant tissues, non

Wheat-wheat grain tissue

Sand grain

Table 21
STOMACH CONTENT ANALYSIS THE WOYLIE

Hislor! of anima[

Non spore mdleria[ (per cent of totul) Fungus sport rypes

Cellular Wheat 4 I6 15 4A 28 14 .J.J 12 32

Killed by eagle in trap.
92 /6 .  l l  Feb . ' 75

W284 died heat exhaustion.
G4/14. 5 il4at. "15

W51 killed by tammar in trap.
G /6 .5 .6Ma t . ' ' 75

Ch 9.15 died after fire.
9  A .p r . ' 16

Wl23 killed by tammar in trap.
18 Jun€ '75

W327 paralysis sample.
82/4. 19 June "75

Wl33 died paralysis.
18  June '75

Killed by native cat in trap.
C/22. I  Jr ly '74

Road casualty, Landgraft Rd.
13 Sept. '74

W6026 ex Tutanning coll.
J. Sampson

Ch 8.3 asphyxiated during fire.
l9 Mar. '76
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Fungal spores are estimated on a five-point scale (see Scat and stomach content analysis-the woylie, m€thod).
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Figure 42

Boicup-seasonal variation in the quantity of
cellular and fungal matter in samples from

bandicoot scats.
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Iigure 43
Boyicup-seasonal variation in the number of fungus speci€s

recorded in samples from woylie scats.

more frequently during the summer: it was hardly
ever eaten dudng the winter, except in areas within
and on the edge of the burn.

Some caution should be exercised when making
comparisons of spore types, since spore production
may differ between species. The proportion of spores
swallowed by the woylie may also vary according to
fungal structure.

DIGGING ACTIVITY

Method

The woylie makes characteristic small diggings when
searching for fungi and other foods (see Plate 25).
Some confusion may arise since other animals, notably

Figur€ 44
Boyicup-seasonal variation in the number of Austrulasia

chlorospora type spoteq in samples from woylie scats.
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Figure 45
Boyicup-seasonal variation in the number of "Spore Type 15"

spores in samples from woylie scats.
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Figure 46
Boyicup-seasonal variation in the number of Mesophellia

spores recorded in samples from woylie scats.
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MONTHLY DIGGING ACTIVITY ON PAIBS OF UNBUBNT PLOTS FROIVI EACH OF RIDGE SITES 2 and 3.  THE PLOTS SHOW A SIcNIFICANT DTFFERENCE
IN THE NUMBER OF DIGGINGS OVER A ONE YEAR PERIOD. SIGNIFTCANT ATO,Ol LEVEL,

{a)  SITE 2 B.  ORNATA RIDGE
PLOT 5

Figure 48

Woylie digging Plots

The most intense digging activity was recorded on
the sandy loams associated with the heartleaf areas.
On the lower slopes on the edge of the heartleaf
thickets the number of diggings recorded was signifi-
cantly higher than on either of the ridge sites.

SDED-BURYING HABITS
The woylie has a peculiar habit of burying small

quantities of seed, seemingly at random, in places
close to the source of origin. The habit has been
commented on by a number of observers (Sampson,
1971). During this study it was first noticed after the
1975 fire when small clumps of green wheat plants
appeared on the blackened soil in the vicinity of the
funnel traps. Most of the clumps were within 20 to
30 m of a trap (Table 22). Approximately 40 to 50
grains were buried in any one hole.

( a l  S ITE  3  B .  ORNATA B IDGE
PLOT 1

Figure 49

Woylie digging plots

Heartleaf seed was observed germinating in similar
small clumps after the fire (Plate 30). It is not clear
whether the woylies ever return to these "caches";

clumps of wheat were occasionally found uprooted,
the seeds eaten. With regard to seed eating, it is of
interest that the woylie has an exceptionally high
tolerance to fluoroacetate, a toxin in heartleaf and
other species of Gastrolobium (T. Oliver*, personal
communication).

STOMACH CONTENT ANALYSIS-
THE TAMMAR

From a study of the tammar in three localities, viz.
Garden Island, East Wallabi Island and Tutanning
Reserve, Kelsall (1965) concluded that it is a very
adaptive feeder. Tammars browse predominantly on
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Table 22

(b)  PLOT 1

( b l  P L o T 6

DISTANCE FROM FUNNEL TRAPS TO CLUMPS OF WHEAT GERMINATED FROM SEED BURIED BY WOYLIES

Distance froht funnel trap (m)

0 t o l 0 11 to 20 2l to 30 3I to 40 4l to 50 >50

Number of clumps
observed I E l0 6 7

3 Agriculture Protection Board, Perth.
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There was, however, a significant (0'01 level,
Students / test) decrease in digging activity on the
burnt heartleal plots compared with that on the
unburnt plots [see Fig. 47 (a)]. There was also signifi-
cantly less digging (0'001 level, Students / test) on the
burnt plots on site 2, the B. orndto ridge, compared
with the unburnt plots during spring, October to
December, after the 1975 fire [see Fig. 47 (D)].

A definite fire effect seems to be indicated by the
fact that there were significantly (0 05 level, Students
1 test) more diggings after the 1975 burn or the ridge
sites that had been burnl four years previously
conpared with those that had been burnt nine years
previously (see Table 23).

The decrease in digging activity during spring after
the fire coincided with the increase in Mesophellia
spores in scats from burnt areas and occurred at a
time when consumption of Mesophellia was at its
lowest on the unburnt areas (see Fig. 46). There was
also a marked increase in peridial remains, mainly
Mesophellia species, associated with diggings after the
fire [Table 25 (a) and (b)].

It seems that in the study area, there may be a
number of species or forms of Mesophellio, one of

Table 25

(a) NUMBER OF DIGGINGS WITH HYPOCEAN FUNGAL
REMAINS-I975 BURN, SIX DAYS AFTER FIRE

(b) NUMBER OF DICCINCS WITH HYPOCEAN FUNGAL
REMA]NS 1976 BURN. THREE WEEKS AFTER FIRE

which is eaten after fire. In the beginning several
dlfferent Mesophellia spore types were recognised in
the scats and these were separated as types 2, 3, 5, 7
and 13. However, the differences were small and it
was difficult to distinguish with certainty between the
spore types, so the distinction was abandoned.

Limited data from those samples where this dis-
tinction was attempted indicate that the Mesophellia
spores recorded from scats from within the burn may
be a shorter form than the others. The fact that
peridial remains are found associated with diggings
only after fire also suggests a different species or type.

The question arises, is Mesophellia sporocarp
formation stimulated immediately following a fire?
There was an increase in Mesophellis-type spores in
scats from burnt areas after fire. In addition there
was a steady increase in the numbers of diggings with
Mesophellia peridial remains during winter and spring
after the 1976 fire; this decreased again during the
second year (Table 26).

On the other hand,, Mesophellia-type sporocarps
formed the vast majority of the fungus collection
during May 1975 on an unburnt area. Also, the fact
that peridial remains were found next to diggings so
soon after fire [see Table 25 (d)l suggests that they
were already present before the fire and that the fire
merely made them more accessible to the woylie.

It may be that sporocarp production in some forms
or species of Mesophellia is stimulated by fire.
However, the problem must, to some extent, remain
unresolved until more definite identification of the
Mesophellia group is possible from scat samples.

One food source which is most certainly stimulated
to higher production by fire, and which appears to be
greatly relished by all the macropods in the area, is
the epigean fungi.

The production. of sporocarps by many species
appears to be a direct result of fire, some species
appearing even before substantial rains have fallen.
This observation is in agreement with that of Petersen
(1971), who records species of "f ire-place" fungi
appearing after fire in Denmark. About ten days after
fire a large white mushroom appears, which is
followed three to four weeks later by a species of
Amanita. A few are nibbled by animals but they do
not appear to be palatable. About a week later Boletus
species and a species of Rozites start to appear. The
latter appears in huge numbers and is greatly relished
by the grey kangaroo in particular so that the woylie
may not always get to them before they are eaten to
ground level. Counts along transects gave an overall
nrean of eighly one Ro;l/es per hectare. On sandy
loams they averaged 240 per hectare. The rate of
production appears high, so that thcsc figures rvould
be multipiied rnaly times over a period of weeks. By
the end of . lune, fourteeu weeks after the fire, few
lungi rere to be l 'ound.

Burnt

Othel Other

I

2

l

4

5

44

5',l

t 2

98

4

6

4

4

1

l 5

21

2

2 l

0

8
0
0

0

0
I

0

40

52

83

TOTALS 263 l 9 78 8 285
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I

2

3

4

5

6

I

8
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20

1

20

1 5

t 0

l 3

32

4 )
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1
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It)

20
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I I J
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TOTALS 142 1 7 3 2 20
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woylie scats are buried and eaten by scarab beetles.
Three species, Onthophagus ferox, O. rupicra and. a
Thyregis specreshave all been observed burying woylie
scats at approximately the depth at which the sporo-
carps are located in the ground. All three species,
when fed woylie scats, passed the spores through the
gut apparently unharmed.

A feature of Mesophellia species is that the sporo-
carp can remain stored in the soil in a dried-ou" state
over summer. This is an unusual characteristic in a
fungus and almost certainly accounts for the con-
centration of Mesophellis-type spores observed in the
woylie scats during the dry summer period.

Most species of hypogean fungi are mycorrhizal
(Trappe, 1962), so that sporocary production may be
expected to relate directly to the health and vigour of
the plant community. Jarrah forest soils are very
infertile (McArthur and Clifton, 1975) and most of
the understorey plants have low nitrogen contents
(Hatch, 1977). Moreover, in the absence of fires,
plant communities on infertile soils may "degenerate",

nutrients becoming "locked up" in woody tissues
(Specht et sl., 1958). The role of understorey legumes
in nitrogen fixation has been demonstrated (Shea and
Kitt, 1976; Malajczuk and Crove, 1977) and Shea and
Kitt stress the role of legumes in an environment in
which nitrogen must be continually Iost as a con-
sequence of fire.

Hot fires at moderately frequent intervals promote
legume germination and growth; cool fires or
infrequent fires result in a reduction of legume
numbers or in their disappearance (Christensen and
Kimber. 1975).

The high nitrogen content of hypogean fungi,
together with the fact that digging activity on sites
nine years old was significantly less than on sites four
years old, supports the hypothesis that fire may

influence sporocarp production. The vigour of the
understorey vegetation is at a peak during the first
few years after a fire.

The concept of nitrogen as a limiting factor is not
new; Main (1968) proposed that the cauying capacity
of the land with respect to kangaroos and wallabies
may be defined by the amount of nitrogen fixed in
the system.

There is thus considerable evidence to suggest that
fire may play an important role in hypogean fungus
sporocarp production and thereby influence th€
woylie population.

Th€ tammar
The available data suggest that the main food of

the Boyicup tammar is grass. There are indications
that tammars may feed more on dicotyledon plants in
fringe habitats when displaced by fire from their usual
home range areas. Small amounts of heartleaf seed or
leaves may also be eaten at times. Like the woylie, the
tammar has a very high tolerance to fluoroacetate.

There is a simple relationship between the germina-
tion and growth of grasses, and fire. However, the
cover requirements of the tammar in terms of heart-
leaf thickets, and the effect of heavy grazing on the
flammability of the habitat, complicate the situation
(see Section II). The rarity of grasses in south-western
ecosystems has already been mentioned (see Section II),
and it is considered that the role of heartleaf in
nitrogen flxation may be an essential factor in the
growth of grasses on the site.

The productivity of grasses in the Boyicup area is
therefore in a very delicate balance. Not only does
fire directly influence the grasses, but it may have a
considerable and perhaps greater indirect influence
through the legume, heartleaf.
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Results generally agreed with the first part of the
hypothesis, but there were important deviations from
the general trend. Thus, although all woylies except
those along the perimeter remained on the burn, not
all were victims of predators during the weeks after the
fires. More than one animal survived to breed on the
burn itself and others survived by moving from the
burnt area. Most movement occurred amongst animals
on the burn perimeter and involved a re-organisation
of the nesting and feeding sectors of their home range.
Complete relocation or major shifts in home range
were made by a few individuals.

The tammar fits the first part of the hlpothesis
more closely than the woylie. None of the tammars
which stayed on the burn survived. However, a fairly
high proportion made successful moves to new areas.

It appears that the second part of the hypothesis
will hold good for the tammar. Re-colonisation of the
burn by the woylie was more or less according to the
hypothesis but a proportion of the juveniles came
from within the burn itself.

These deviations from the hypothesis are important
for two reasons. Firstly, the range of responses, viz,
staying and dying, partial re-organisation of home
range. total re-location of home range. or surviving
to reproduce on the burn itself, indicate the lack of
stereotyped behaviour. This is undoubtedly of value
to any population, particularly one living in a fire
environment where the situation in each fire is
different and the results vary enormously (Kozlowski
and Ahlgren, 1974; Christensen and Kimber, 1975).
Secondly, survival to the breeding stage of both
woylies and tammars that moved and woylies that
stayed demonstrates the sunival value of both forms
of behaviour.

Hypoth€sis 3
Woylies remain within their home range areas after

fire, not because they are excluded from the unburnt
surrounds by other home range owners, but because
of an innate fidelity to their home range.

All results support the hypothesis. A high order of
fidelity to home range was observed in all animals
except one, animal transmitter Channel 3.3. This
animal, a young male, moved its home range to an
entirely different locality soon after the burn. It
moved through the "empty area", from which woylies
had been removed, to establish itself on the eastern
edge of this area. All other movements involved a
re-organisation of home range area, usually taking
the form of a reversal of nesting and feeding area.
The "empty area" was not taken advantage of by the
animals on the bum. Their behaviour was in all
respects similar to that of woylies radio-tracked on
the earlier burn where the surrounds contained
resident woylies.

Two main conclusions may be reached as a result
of this study:

(1) The woylie has a very strong "attachment to sit€"
or site fidelity.

(2) Since some animals survived to breed, fidelity to
site after burning is not disadvantageous to the
survival of the species.

In considering the advantages of "attachment to
site", if the home range concept of Jewell (1966) is
accepted, many of the suggested advantages for
territorial behaviour may be applicable to the woylie.
These include: regulation of breeding by affecting
coufiship and nesting; influencing dispersion; regula-
tion of food resources; and serving as a buffer against
disease (Hinde, 1956; Tinbergen, 1957; Brown, 1969;
Carrick, 1963).

Many of the suggested advantages would still apply
if the animals had moved into the "empty area" after
the fire and established new home ranges. What then
keeps the animals on the burnt area? A possible
explanation is the advantage gained by an intimate
knowledge of an area in terms of escape from preda-
tors (Tinbergen, 1957). In view of the almost total
destruction of ground cover, this explanation does
not appear sufficient in itself.

A less tangible concept, that of "territorial con-
fidence" advanced by Mykytowycz et ql. (1976)
working with marking-odours of rabbits, may be the
explanation. While marking-odours are not necessarily
still detectable after a fire, it is suggested that the
woylie may still "feel more confident" in an area it
knows intimately. It is significant that most woylies
spent the first few days after the fire entirely within
their nesting areas. There is obviously a considerable
psychological factor involved in early post-fire
survival and "confidence" may be very important.
The early "shock deaths" are evidence of a failure to
regain full "confidence" after the fire, and an absence
of the will to live. The woylies' attachment to home
range may be considered a manifestation of the
"territorial confidence" factor. Furthermore, fidelity
under such extreme conditions suggests that this factor
may be a major function of "territoriality" .

In this study many edge animals moved out of the
burnt area. The size of the fire is obviously important
and in a large fire there may well be less movement
out of the bumt area.

MAJOR CHARACTERISTICS OF WOYLIE
AND TAMMAR POPULATION

Before any attempt is made to determine whether
specific traits are those of fire adaptation or not,
examination of certain major characteristics of each
species in relation to its general biology may be useful.
The characteristics considered to be imDortant are:
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concept, although it does not eliminate the problems
associated with the interpretation of selective adapta-
tion and fire, may nevertheless lead to a better
understanding of the significance of relationships
between fire and animal DoDulations.

THE SIGNIFICANCE OF FIRE DEPENDENCE
IN RELATION TO THE WOYLIE AND

THE TAMMAR

Fire dependence may be expected to manifest itself
to varying degrees in different species, depending on
the importance of fire in the habitat in which they
live. In most cases the degree of dependence may be
difficult to determine, since many factors will invari-
ably be involved and a full knowledge of the species'
biology is seldom available.

The structural component of the habitat

The woylie

Plant associations in the jarrah forest habitat of the
woylie and the tammar are adapted to frequent fire
(Christensen and Kimber, 1975). As we have seen, the
woylie is well adapted to cope with this situation but
it may nevertheless be vulnerable to fire under certain
circumstances, ln Dryandra forest much of the
woylies' nesting cover comprises "fire-weed" species
such as Acacia pulchellq, Cqstrolobiurn oxylobioides
andG. cglycinum. These species, together with another
cover plant, Dryandro nobilis, all require periodic hot
fires for their regeneration. Too-frequent cool fires
will result in a reduction in cover and the eventual
disappearance of such species (Christensen and
Kimber, 1975). This process of habitat degradation
accompanied by a decline in the woylie population
may already be in progress in this area (P. Christensen,
personal observation). The whole process is aided by
the spread of introduced grasses. Fertiliser drift fron
adjoining farmlands helps to establish the grasses,
which in tum encourage more frequent cool fires.

The effect of fire exclusion on the woylie is more
difficult to observe. Once again, Dryandra forest
provides an example. Large areas of what appear to
have been the woylies'best feeding areas were planted
to mallet (Eucalyptus ostringens) in the 1920s. These
plantations have been protected from fire since then
and consequently are virtually devoid of understorey,
with very little sign of digging activity by woylies or
bandicoots ( Isoodon obesulus).

The woylie in Tutanning reserve near Pingelly may
also be vulnerable to fire in a manner similar to that
described above.

On present knowledge the problem should not arise
in the Perup, at least in the short term. In this higher
rainfall area regeneration of the understorey is more
rapid than that in the lower rainfall Tutanning area
and is  la rge ly  l rom roo t . tock .pec ie" .

The tommur

Like the woylie, the tammar may be vulnerable to
too-frequent mild fires. The growth of grasses during
the first few years alter fire in the heartleaf thickets is
such that there is sufficient fuel to support a mild
fire during the dry summer months. Such a fire would
kill the developing heartleaf seedlings and encourage
the spread of grasses without germinating sufficient
new heartleaf seed to replace the thickets. A series of
very frequent cool fires could thus eliminate the
heartleaf thickets entirely. Once again the situation is
aggravated by the presence of introduced species of
grasses and weeds and would be most serious adjacent
to farmland areas.

The group structure of the tammar population helps
maintain grazing pressure, which keeps the flam-
mability of the grasses at a minimal level.

Similarly, if fires occurred less frequently than every
twenty-five to thirty years in the Perup area, tammar
thickets of both heartleaf and Melaleuco vimines
would degenerate and die, resulting in the eventual
disappearance of the tammar.

The tammar appears to be able to exist on offshore
islands in the prolonged absence of fire. This may be
because the thicket-forming species are not fire-
dependent species. It may also be that the absence of
the fox and the dingo makes the cover density factor
less critical, so that fairly dense thickets are not
necessary.

Nitrogen fixation by legumes in the habitat

A more fundamental factor which may increase the
fire dependence of both the study species is nitrog,:n.
Many of the soils of the south-west are very infertile
and have low nitrogen contents. As was shown earlier,
this element may be impoflant in the growth and pro-
duction of both hypogean fungus sporocarps and the
grasses that constitute the lood of the tammar.

There is increasing evidence that native legumes play
an important role in the nitrogen turnover of the jarrah

forest environment (Shea and Kitt, 1976). Good
germination and growth of native legume species is
promoted by hot fires (Christensen and Kimber, 1975;
Shea and Kitt, 1976). The present fuel reduction or
control burning programme (Peet, 1967) involves
"cool fires" at regular and frequent intervals. Such
fires favour regeneration of rootstock species and
reduce the numbers and species of legumes,

Although no experimental evidence is available,
there are indications that legume nitrogen-fixation
may be one of the factors limiting the size and dis-
tdbution of woylie and tammar populations. The
decline of the woylie population in Dryandra forest
was exarnined in relation to cover reduction. But the
reduction of legumes resulting from fire exclusion in
certain key feeding areas may be a contributing factor.

It may not be coincidence that the legume, heart-
leaf, is dominant in the lowJying areas and that
Bossises ornsts, another legume, dominates the ridges
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Site and
Iocation

Plots
sanpled Woylies Generul desciption

o
Melaleuca

thicket

p

Melaleuca flat

o
Agonis thicket

R
Boyicup
heardeaf

s
Dudijup
thicket

7

7

6

12

5

t

+

1

Eastern jarrah-wandoo forest. Dense medium height thickets of Melaleuca|
viminea on grcy satdy soil along drainage lines. Generally bordered by wandoo{
forest, seasonally wet. Unde$torey of monocots, with occasional E. rudis tren
present.

Easteri jarrah-wandoo forest. Dense mealium height thicket of M. viminea and
Casuaina humilfu on wide open shallow seasonally wet flats. Soils very shallow,
undedain by impermeable layer.

High quality jarrah forest, valley bottom thickets very alense, high Agonis pami
cepr thickets on deep gtey saad,

Jarrah-marri forest, medium dense tall thickets of Gastrolobiutn bilnbtm, \ety
open underneath witi a ground cover of grasses and annuals. Sa.ndy loam.

Jarrah forest, dense medium height M, viminea thicket ott grey sandy soil along
drainage lines, seasonally wet, understorey of small mouocots.

NOTE' These sites are not equivalent to the site-yegetation types of Havel (1975). Site-vegetation mapping in the northern jaral
lcrest (Darling Range). 1-Definition of site-vegetation t]?es. Bulletin 86, ForestsDepartment of Westetn Australia.

'Woylies * Not present
t Transitory
+ Low to medium density populatiol
g High density population

v
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APPENDIX III
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Methods Used in Ageing the Population

The woylie

Sampson (1971) published figures relating pes, tail and
head measurements to the age of pouch young. No means of
ageing older animals was available, so woylies captured
during the fitst few trap sessions were therelore not aged. By
Septembet 1974 a method based on molar eruption, similar
to that used by Shield (1958) on the quokka (Setotu*'
brac lryttrus\, had been developed.

AGE IN DAYS O

Figure A.II (r)

The woylie-graph showing the relationship between head size and age.

Figure A.II (b)

The woylie-graph showing the relationship betwe€n molar eruptio[ and age.

As in the quokka, the {inal sectorial premolar, p4, is larger
than p3, and in addition it has a characteristic postero-
internal talon (Wood-Jones, 1924) and is thus easy to dis-
tinguish fiom p3. The final sectorial premolar p4 replaces
p3 and dp4 when the molar eruption sequence has reached
M3.2. This differs ftorn the quokka, where M4 has firlty
erupted before p4 emerges (Shield, 1958) and the tammal,
where M4 does 1lot brcak through the gurn line before p4
has erupted tully ootes et al., 7966).

AGE IN DAYS
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APPENDIX IV

Nocturnal Activity Monitored with the Rustrak Continuous
Drum Recorder

* Range ofrecorder = 200 to 250 m

Channel
No.

Species
No. of
nights

recorded

Mean hours
pet night

within
range*

Month Commmts

195 Burn
10
3

5
5

1976 Burn
11.2

8.1

2.21
9,375

t . t2

2.2
10.15

Woylie
Tammar

Tammar
Tammar

'Woytie

Woylie

\Yoylie
lYoylie

Woylie

\{oylie
lYoylie

3
I

1

3

I

2
6

2
1
2
6
3
9
1

N

5
3

7.3s I;,, I
, " 1
2.3s I
6.0e I
7.38 |

6.01 |

i,n I
i;, 1

Dw residentr l!

r2.0 I
10.15 I

April
June

March
March

Mar.-Apr.
Aot,-Mav

Feb.-Mar.

March
March I

Apr.-June I
Apr.-June I

April I
Aprlt I

I
)75 bun (mor

May I
Mav I

May
May

Within ta.nge of nest area on the burn.
Feeding on old home fange area in the burn.
(Day-time houfs spent in thicket outsicle bun,)
As above.
As above.

In feealing arca (1975 burn) befote 1976 bum.
(In nest area outside bum.)
In nest area now burnt, still nesting there,
In nest area now bufnt, but now nests in olal
feealhg area, 1975 burn.
In feecling atea, 1975 burn-before burn.
In nest area, now bumt, still nesting there,
In feeding afea, 1975 burn, befofe 1976 bum.
In feeding area, 1976 bum-nest outside burn.
Not in feeding area, 1976 bum.
In feeding area, 1976 burn, nest outside burn,
Not in feeiling area, 1976 burn.

dtored May 1976)

In range of nesting area on the 1975 bum.
As aboYe.
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APPENDIX VI

List of Spore Types from Hypogean Fungi in Collection and from
Scat and Stomach Analvsis

i

t

: €' : :  
P

! *

Estitudted frequency of occun'ence
o;f spores and oigin

Desciption of sporcs as seen under light mictoscope 400 to
600 magnifcation (Sizes in p approximate onl)

Bq)icup study
Tutanning

.E

F E

2

3

5

7

I

6

9

18

1 1

12

14

I J

16

32

33

38

39

40

\'7

4 l

45

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

No

No

No

No

5

3

2

2

2

l

3

2

3

2

2

1

1

2

3

1

5

3

2

1

2

1

1

1

2

5

1

1

1

1

4

1

3

I

1

2

1

2

1

I

7 to 8 x S-hyaline and smooth

10 x S-hyaline and smooth

10 x s-hyaline and slightly knobbly in appearance

12 to 13 x s-hyaline, oval, scar of attachment

12 to 14 x S-*hyaline, oval and srnooth

12 r S--brownish yellow, longitudinal flanges, twisted

9 to 15 diameter-hyaline, spherical, knobbly

12 diameter---dark, spherical, well pronounced flanges

20 to 30 diametet-dark, spherical, thick-walled, marked
like a golfball

6 to 8 diameter-hyalile, sphedcal, knobbly

12 x s-hyaline, oval, looks like a spindle

8 x s-hyaline, lemon shaped

15 x 30---dark, oval with pointed ends

4 x s-greenish brown, oval, knobbly

10 x S-golden brown, oval, pointed one end and collapsed
sides

10 diameter-hyaline, spherical, flanges

8 to 9 diameter-hyaline, spherical, bumpy appearance

20 diameter-light brown, spherical, very thick walled

45 diameter--{ark very thick walled

10 x S-yellow brown, banana shape, thick walled, with
stalk

12 x 7-hyalirc, slightly opaque, rounded oval with bumpy
surrace

3 x l-hyaline, oval

7 x .Hark, irregular pear shape

20 x 1o-brownish yellow, oval, with stalk, thick walled
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APPENDIX VII

Concentrations of Elements in Selected Green and Senescent
Leaves and Fungi

* Nitrogen concentration of Mesophellia sp. supplied by J. Kinnear, Zoology Department, University of W.A. (personal

communication),
Other data supplied by Dr. N. Malajczuk, C.S.I R.O., Perth (personal communicatior).
All percentages refer to pefcentage dry weight. All element concentrations except N obtained using X'ray fluorescent analysis.

Specbs

Element

,il, 1,fi,K(qo)
Ca
('/o)

Mg
(qo) (qo

si
('70)

AI
(qo

s
(%)

Mn Zn
\p.p.m.)

Cu
\p.p.m)

cl
\p.p.ttr.)

N i l F e
(p.p.n.) | (p.p.tn)

Jarrah
Eucallptus
maryi ata
leaves (green)

0.84 0'041 0.57 0 5 8 0.43 0.29 0.103 tt1 5.6 2 9

Jarrah
E. morginol(
leaves
senescena

0.300.009 0.26 0"74 0 4 0 0.29 0.085 192 3 0 2'5

Acacia
pulchella
leaves (green)

2 . t 5 0 039 0.86 l . l 9 0'u 0 0 3 0m9 8 0 4.5

Mesophellia sp.
central core.
Spores*

t .&
+3.52

0.085026 0.0420 0600.0470.0880.1050.30 9.4 35.8 14.3 0'029 2.0 127

Agaricales sp. 2 8 0'34 2.6 0.0280 0 9 0 1 3 0.283 2 l u
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