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FOOD REQUIREMENTS OF MARDO
(Waterhouse) AND

THE EFFECT OF FIRE ON MARDO

ABUNDANCE

by

R. HINDMARSH and J. D. MAJER *

SUMMARY
The effect of prescribed burning on the

availability and abundance of forest invertebrates
has been investigated to determine whether the
changed status of food supply infLuences the
abundance of the nardo (Antechinus flg"'ilgt)
following fire . AnaLysiTffi-ach conGnts
suggests that the mardo is an opportunistic
feeder; the numericaLly predoninant invertebrates
Araneae, Blattodea, Coleoptera and Hymenoptera are
the principal food sources. The habitats of these
invertebrates indicate that the mardo feeds mainly
in the forest l i t ter layer.

The investigation revealed no correlat ion
between the abundance of the mardo and that of the
forest invertebrates during the post-fire
succession, suggesting that food avai labiLity is
not a major factor in mardo population changes.
Other factors which might cause the obsenred
variations in rnardo abundance are briefly considered.

* Department of Biology, Western Australian
Inst i tu te of  Technology,  Bent ley,  W.A.  61A2.
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INTRODUCTION

The mardo (Antechinus flaviPe: -
(Waterhouse) ) is Fevalent in the forests
of southwest Western Austral ia. I t  is
predominantLy insectivorous although
Larrion is also eaten (Mar1.ow, 1 961 ) .
0bservation has revealed that mardo
abundance is considerably reduced
foLLowing wild or prescribed f ires in

the jarrah and karri forests. As the
post-f ire succession proceeds there is

; delayed recovery in the nunibers of

mardo compared with that of other
sympatric mammals. The abundance of

mardos appears to be related to the t ime

lapse since the last burn (Christensen

& K inber ,  1975) .

A similar Phenomenon has been
reported for A. swainsonii (ltlaterhouse)

and A. stuartii Macleay where no recovery

of nffie-burn levels was
observed in the two years following the

1972 Nadgee wildf ire (Newsone et 4.,
1 9 7 5 ) .

This studY examines the food
preferences of the mardo in karri forests,

and the possibi l i ty that food avai labi l i ty

is the l imit ing factor in the post-f ire

recovery of the mardo PoPulation.

Food preferences have been el"ucidated

by examining the gut contents of mardos

trapped by the Forests Department in
pfoll of, varying fire histories in the

Pemberton area. An attempt is made to

correlate these data with data

concerning the availability and abundance

of invertebrates trapped from similar
forest areas so that an understanding of

the post-fire mardo population density

may be gained.

METHOD

Mardo collections
Ttre animals us ed for the gut content

analysis were trapped by officers of the
Forests Department in the Manj inup-
Pernb erton karri forests in May 197 4 '
Nrrnber and site data are sunmarized in

Table 1 .

Stomach content analYsis
From 37 formalin-preserved mardos the

stomach and duodenum were removed then

weighed, slit open and the contents washed

int6 a petri aisfr with 70eo alcohol ' Food

fragnents were identified and scored using

a sfereo microscoPe, although because the

food was well  nasticated, the i tems could

not be preciselY quanti f ied.

Plot selection
I t  was not Possible to sanPLe the

original plots mentioned in Table 1 '
because their logging and f ire histories

had changed since-the mardos were captured,
(May 1974. Four sinilar areas of karri

forest which exhibited varying stages in

the f ire succession were selected for

study in May 1976. Detai ls are sunmarized

in  Tab le  2 ,

Vegetation data
Plot vegetation was surveyed in May

1976 by estinating the Percentage
vegetation cover for each stratum
vert ical ly above two 100 m transects
across the longitudinal axis of each plot '

I 'his method is a modification devised. by

lvluir (1977) of Beardr s ( 1 975) key. The

doninant vegetation species were taken to

be those with the highest percentage cover

in each stratum over both transects '

The volume of leaf l i t ter was

estimated by measuring the depth of litter

TABLE 1

site data for mardo colLections. Al l  si tes are
forested with karri and some marri

Locat ion Map reference Time s ince burn
(vears)

Number of mardos
col lected

House Brook Road
Pine Creek Road
Curd Road
Henwood Road
Locality unknown

1 15o  sg  t  E .  s4o-  24 t  s
l r s o  s 1 ,  E :  s 4 ?  1 8 '  s
1 1 5 0  i e '  E :  s 4 o  g 1  '  s
1 1 5 0  i s '  E ,  s 4 o  1 6 '  s

40
5

N .  A .
N .  A .
N .  A .

1 8
1
5
7
6

N.A.  data not  avai lab le



Location Map reference Time since burn
(vears)

House Brook Road
Barker Road
Barker Road
Crowea Road

i l so  s9 f  E .  s4o  24 t  s
l l s o  s 8 r  E .  s 4 o  s l t  s
1 1 5 0  5 8 r  E :  s 4 o  s 2 t  s
1 160 ozt E', s|o szt s

> 4 0
> 2 0

5
0 . 5

TABLE 2

Site data for invertebrate collections. A11 sites are
forested with karri and some marri

at 50 cm intervals aLong either side of
each 100 n transect. T'he volume of l i t ter
per hectare was then calculated using the
value for the mean depth.

The amount of dead wood was estimated
using three size categories:  1-10 ci l ,
10-50 cm and >30 crn dianeter. fiie
occurrence of wood was scored along a
50 cm strip on either side of each 1 00 m
transect and an index of wood aburdance
estimated.

Invertebrate sampling
Four conplenentary sanpling urethods

were empLoyed to obtain a reasonably
complete census of relative invertebrate
abundance in each plot.

(1) The epigaeic far:na was sampled by
placing pitfalL traps at 1 0 n intervals
along each 100 m transect. Traps consisted
of glass jars with a 4 cm mouth diameter
containing 10 nl of 70eo alcohoL . Trapping
continued for 72 hours.

(2) The litter fauna was sarnpLed by
taking three 0. 1 m2 samples oe litter
randomly fron along each transect.
Sanples were hand-sorted to remove large
animals. SmalLer organisns were removed
by placing the litter in a BerLese funnel
in which the temperature was slowLy
increased fron roon temperature to 58oC
over a period of 24 hours.

(3) Four shnrbs were randonly selected
along each transect and the invertebrates
sarnpled using a 1 mZ beating tray.
Sanpl.es were removed from the tray with
an aspirator and pLaced in 70eo alcohol
for subsequent sorting.

(4) Hand searches were perforrned to
supplenent these three sampling methods
and to ensure that additional

rnicrohabitats, such as logs, were also
sampled. Tbo persons collected all
invertebrates along each transect for a
period of 15 minutes.

RESULTS
The raw stomach content data of the

mardo are sunmarised in TabLe 3. The items
included a wide variety of invertebrates of
which Araneae, Blattodea, Coleoptera and
Hymenoptera (excLuding ants) were the lnost
a-bundant. One bird and one reptile liiltb
were found, supporting MarlowIs (1961)
comment that carrion may be eaten. No plant
materiaL was found.

Ttre vegetation data for the four plots
surveyed are sr:rmnrized in TabLe 4.

TABLE 4

Surmary of vegetation data
in study plots

Legend
'l 

. Trees
2. MaLlee forrn
3. Shnrbs
4. Grasses and herbs
5.  Sedges
6 .  Ferns,  mosses etc .

A.  Dense (70-100eo
B. Mid-dense (30- 70Yo
C. Sparse ( 0- 30%

coverage)
r r  

)
' )

Location Time
burn

s1nce
(years)

Vegetation
sunmary

House Brook
Road
Barker Road
Barker Road
Crowea Road

> 4 0
> 2 0

5
0 . 5

A1/C3/C4/Cs/c6
B1/C3/C4/CS/C6
B1/C3/84/Cs/C6
B1 /B,4/Cs/C0



TABLE 3

Stomach contents and biological data of mardos

-

N o . Sex Preserved
weight

(e)

Stomach
weight

(e)

Body
length

( cm)

Stomach contents

29 1 0 . 0 070F 4 DermapLera, Blattodea, Coleoptera

Hymenoptera (WasP?)

Araneae
Blattodea, Araneae, ColeoPtera
Heniptera ?
Blattodea, HYmenoPtera (Bee?)

Homoptera (Fulgoroidea 6 nYmPhs)

Curculionidae
Chi 1 opoda

Araneae

Araneae, Cutculionidae, Blattodea

Araneae, Blattodea
Araneae, DermaPtera, ColeoPtera
B Lattodea
Coleoptera, Araneae, Blattodea?

Coleoptera' Araneae
Homoptera, ColeoPtera

Araneae

Coleoptera (Nit iduLidae 4+) ,
Symphyta larva
""i t"t",  Coleoptera (Nit idul idae)

Other ColeoPtera
Birds foot and feathers,
ColeoPtera

Coleopt era, (Nitidulidae)

B I attodea
Araneae
Curculionidae, HeteroPtera
Dermaptera' Chilopoda, Blattodea'

Araneae
B I attodea
Araneae, Blattodea, DiPloPoda
Hymenoptera (Ant or WasP) - --
siaphyiinidae, Li zard leg (Skink)

Araireae, DiPtera (Mosquito?)

B lattodea

House Brook Rd.

Pine Creek Rd'

Curd Road

Henwood Road

Locali ty
unknown

1 1 8

1 1 9
120
121

1 s 6
157
1 5 8

1 5 9
1 8 6
187
1 8 8
1 8 9
1 9 0
1 9 1
192
1 9 5
128
1 1 4

47

1 5 1

152

1 5 3

I  1 s s
1 1 7 2
I
1 2 2
1 , 2 3
l s g
l a o
I
l s o
l s 7
I
l s t
I
I
I  z t o
l
I zrs
I
|  2 1 7

| 228

|  2 2 1
I
l  zzo

1 8  . 0 5
26.90
2 2 . 6 0

2 9 . 1
2 8  . 9 1
29.87

2 3 . 9 0
34.70
31  .89
29.35
50 .  00
2 8  . 3 5
2 1  . 2 9
20.60
2 3 . 2 2
3 7  . 5 0
4 1 . 3 5

7  . 7 5
9  . 5 0
9 . 2 5

9 . 7 5
9 . 5 0

1 0 . 5 0

9  . 0 0
1  0 . 0 0
1 1 . 0 0
1 0 . 7 5
1 2 . 0 0
1 0 .  7 5
9 . 7 5
9 . 5 0
9 . 5 0

1 0 , 2 5
1 0 . 7 5

1 0 . 0 0

7 . 7 5

1 0  . 0 0

1 0 . 5 0

0
0
1

F
M
F

0
8
1

1
0
1

M
M
F

3
8
4

0
7
3
7
0
5
6
2
8
6
7

1
1
1
0
1
1
0
1
0
0
0

F
M
F
M
M
M
F
F
F
M
M

2 7 2 0

2 2 . 7 5

4 3 . 0 5

45 .75

2 3 . 5 0
19 .37

45.72
23,7 ' � |
2 8  . 9 0
5 0 . 4 0

2 3 . 8 5
2 1  . 6 5

2 4 , 9 0

7  . 7 5
8  . 5 0

1 1  . 2 5
9 . 2 5

1 0 . 2 5
1 1  . 5 0

9 . 7 5
1 0 . 0 0

9  . 7 5

4

6

4

6

0

0

F

M

M

F
F

4
3

0
0

1
3
7
3

1
0
0
1

M
F
F
M

7
4

0
0

F
F

F

Myriapoda (DiPloPoda or

Araneae
BLattodea, HeteroPtera?,
B 1 attodea

Chilopoda) ,

Coleopt era?

Scarabaeidae, . Araneae

Coleoptera (Nit iduridae), Araneae,

0ther ColeoPtera' HYmenoPtera
Blattodea, Araneae (2) ,  ColeoPtera

Scorpionida?, Chilopoda? Heteroptera

Aran-eae , Larva (LePidoPtera?) ,
Homoptera.
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Marked inter-plot differences
occurred in the understorey strata.
The most recentlY burnt P1'ot had
no shnrb laYer, a herb and grass
layer of medium densitY and
sparsely distributed sedges and
ferns. The Plot burnt five Years
previously was characterised bY a
more dense herb and shnrb laYer
of I fireweedf such as Crowea
anqustifolia Sm. and Affi-

@r. The_ffiweedt
ffiffitey was considerabl'Y Less
dense twenty years after burning
but the Lower tree stratum was
more dense. This trend continued
in the site burnt over fortY
years earl ier.

The volume of leaf litter was
direct ly related to the fire
histories of the sites; a gradual
accumuLation of litter coincided
with the recovery from burning on
each si te (Fig.  1).  This t rend
was also fotrnd with the dead wood
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although there was a substantial quantity
of the smalLer size range of dead wood in
the  recen t l y  bu rn t  p lo t  (F ig .  2 ) :  th i s
probably represents recentLy fallen
fire-danaged timber.

The four sampling methods determining
the abundance and distribution of
invertebrates in the four study areas are
set out in Appendixes l-IV.
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Ttre resuLts show no general trend of
invertebrate abr.mdance foLlowing fire.
Amphipoda, Isoptera, Heteroptera and
Diptera (Larvae) were not found in the
sampLes from the recently burnt atea,
suggesting that theY are the nost
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in abr.rndance shortly after the burn"
Other groups were reduced in abundance
following the fire but increased again
as the post-f ire succession progressed.
These included Opil iones, fsopoda,
Diplopoda, Collenbola and .Lepidoptera
(larvae). A finaL group showed a peak in
the plot burnt five years previously and
then decLined in abundance; incl.uded in
this group were the Scorpionida, Acarina,
Araneae, Anphipoda, Gryllidae, Homoptera,
Fo:rnicidae, Carabidae and Scarabaeidae.
The significance of these interplot
differences was tested by the chi-square
nethod and the results are shown in
Appendix V.

A conparison of invertebrate frequency
in the nardo stomachs and that of the
invertebrates collected from the unburnt
(for 20 and 40 years) plots is shown in
Figure 3. A Spearmants rank correlation
coefficient was calculated for the two
sets of ranked data. The obtained value
of  r ,  was 0.358.  By test ing th is  va lue
using Students t it nay be concLuded that
these variables are positively correlated
( p  =  0 . 0 5 )  .

DISCUSSION

Although the entire stomach contents
of the mardo were not identified, the
identi ty of a suff icientLy Large
proportion was determined to allow a fair
degree of certainty in interpreting the
mardot s feeding preferences.

Many of the species eaten by the nardo
were collected on the ground or in the
litter layer, which indicates that it
feeds mainly on invertebrates from the
forest floor. Wakefield and Warneke
(1967) note that the characterist ics of
mardo feet are well adapted for scansorial
act ivi ty so the possibit i ty of arboreal
feeding cannot be eliminated. It is
Likely that the fulgorid nymphs eaten by
specimen 158 (Table 5) were obtained from
the shrub layer.

The positive correlation between
invertebrates present and invertebrates
consumed suggests that the mardo is an
opportr:nistic feeder. This corresponds
with Kitchener and Chapmanrs (1977)
observations on Phascoga.lg calura
Gould which feeds on most invertebrates
which are present. Tho points shouLd
also be noted when considering this
opportunism. One is that there appears
to be a nininum size Limit for food

consuned. No CoLlembola were found in
the gut despite their high abundance
in the environment (Fig. 3) . The smallest
food i terns, Nit idul idae beetles , were
approximately 3 nn long suggesting that
there is a si ze f.init be low whi ch it is
not economical to expend energy on
obtaining a food item. Secondly, it is
noteworthy that ants were found in only
two mardos (FiS. 3) despite their high
abundance in the forest ecosystem.
Presunably the defence rnechanisurs of ants
are relatively effective against this
predator.

The trends in the invertebrate samples
support Springett I s (1976) findings that
fire has a marked effect on invertebrate
abundance. It is possible that the sudden
reduction of invertebrates following fire
contributes to the accompanying depletion
of mardo populations. However, Christensen
and Kinber (1975) note that on dry uplands
it takes more than 20 years for the mardo
populat ion to return to pre-f ire levels.
Since many of the invertebrate groups have
returned to their forrner popuLation levels
within five years (Appendixes I-IV) food
availability does not seem to be the
principal limiting factor on mardo
regeneration. Furthermore, since the
mardo is an opportr.rristic feeder, it would
be able to switch to feeding on those prey
itens which are abundant following fire.

fiie results indicate that other
factors which nay Limit the regeneration
of the mardo population should be
investigated. Table 4 shows changes in
the forest vegetation structure foLlowing
fire. The fire-induced clearing may
render the nardo more conspicuous to
predators or place it r:nder increased
heat or water stress. However, the dense
ffireweedt regrowth wouLd probably reduce
these problems quite rapidLy, so this
seems unl ikeLy to be a l imit ing factor.

The data presented here suggest that
the factors monitored cannot be solely
responsible for the long term reduction
in mardo nunbers foLlowing fire. It is
possible that the changes in the
vertebrate fauna distribution and
population following fire (Christensen
and Kinber, 1975; Newsome et a7., 1975)
alter the competitive balanFbetween
species which in turn effect and support
a decreased mardo population for
considerable periods. One other
possibiLity is that fire may produce a
long term disnrption of the mardo
breeding pattern.
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Total nrrurber of

APPENDIX 1

invertebrates trapped by the Pitfall trap nethod

Class Order Family Years after burn

0 5 20 40

Arachnida

Crustacea

Diplopoda
Chilopoda
Insecta

0Ligochaeta
Gastropoda

Scorpionida
Pseudoscorpionida
Opil.iones
Acarina
Araneae
Anphipoda
Isopoda

ColLenbola
Orthoptera: GryLl.idae
Blattodea
Dentaptera
I soptera
HonoPtera
Heteroptera
Lepidoptera (Lawae)
Diptera
Diptera (Lawae)
Hyurenoptera : Fornicidae

Others
Coleoptera: Staphylinidae

Scolytidae
Curculionidae
Carabidae
Scarabaeidae
Others
Larvae

0
1 0
4
5

1 0
0
0
1
1

117
2
1

2 1
0
1
0
0

1 0
0

1 3
1

37
0
9

1 1
1 5
44

3
0
2

2
l ,
2

24
20
t 3
1 1
0
1

61
4
4

1 9
0
5
2
0
I
0

55
8

27
0
8

1 9
2 1
0
0
0
1

0
3
2
2

l 6
1

. 1
3
0

49
3
1

1 4
0
0
0
2
6
2

2S
6

1 4
0
1

1 1
0

1 4
5
1
1

0
2
5
1

1 8
2
6
0
q

05
0
1
2
0
2
0
3

1 3
3
7
4
4
0
1
3
1
9
1
0
0

1
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APPENDIX II

Total. nurnbei of invertebrates cot lected from litter sanpLes

CIass 0rder Fq$ily Years after burn

50 20 40

Arachnida

Crustacea

Diplopoda
Chilopoda
Insecta

Oligochaeta
Gastropoda

Scorpionida
Pseudi scorpionida
Opiliones
Acarina
Araneae
Arnphipoda
Isopoda

Col lenbol a
Orthoptera: GrYlLidae
B 1 attodea
Dermaptera
Isoptera
Homoptera
Heteroptera
Lepidoptera (Larvae)
Diptera
Diptera (Larvae)
Hymenoptera : Formicidae

Others
Coleoptera: StaPhYlinidae

Scol.ytidae
Curculionidae
Carabidae
Scarab aeidae
Others
Larvae

0
0
0
0
5
0
2
0
0
7
0
0
0
0
0
0
3
1
0
2
0
0
0
0
0
0
1
0
0
0

2
0
1

1 1
1 9
2

1 1
44

5
1
1
6
0
0
0
2
2
0
3
1
1
2
0
2
4
0
4
8
0
0

0
1
4
9

1 4
9

' 4

2 1
7

1 2
0
3
5
0
1
5

1 0
1
4

1 5
0
2
0
1
0
0
6

1 4
0
1

3 l
8 l
o l

1 6  |
2 l

1 8  |
41  |3 l
0 l
o l
s l
0 l
o l
2 l
1 l
o l
0
0
3
1
0
0
0
2
0
1
3
1
0

1 0



APPENDIX I I I

Total number of invertebrates collected by beating shrubs

Years after burnOrder Family

Arachnida

Cnrstacea

Diplopoda
Chi lopoda
Insecta

Oligoch aeta
Gastropoda

0
0
0
5

62
0

112
1
0

128
0
4
0
0

1 1
0

1 3
1 0
0
3

1 4
1
1

1 6
0
0
2
0
0
0

0
0
0

1 7
8 2

0
0
0
0

1 1 1
1
1
0
0
3
0

1 1
1 4
0
1

1 5
0
0
4
0
0

6 3
0
0
0

Scorpionida
Ps eudoscorpionida
Opil.iones
Acarina
Araneae
Anphipoda
I sopoda

Collembola
Orthoptera: GrylLidae
Blattodea
Dermaptera
I soptera
Honoptera
Heteroptera
Lepidoptera (Lawae)
Diptera
Diptera ([arvae)
Hymenoptera: Formicidae

Others
Coleoptera: StaphYlinidae

Sco lytidae
Curculionidae
Carabidae
Scarabaeidae
Others
Larvae

0
0
0
1

27
0
0
0
0

55
0
0
0
0
5
0
2

1 0
0
0

37
3
0
8
0
0

2 7
0
0
0

0
0
0
3

102
0

2S
0
0

1 2
0
0
0
0
2
3
5
4
0
3
9
1
0
1
0
0
4
0
0
0

1 1



APPENDIX'IV

Total nr-rmber of invertebrates col.Lected by the unit search nethod

Class Order Fanil.y Years after burn

0 5 20 40

Arachnida

Crtrstacea

Diplopoda
Chilopoda
Ins ecta

OL igochaeta
Gastropoda

Scorpionida
Pseudoscorpionida
Opi liones
Acarina
Araneae
Anphipoda
Isopoda

CoL lembola
Orthoptera: Gryllidae
B I attodea
Dermaptera
I s optera
Homoptera
Heteroptera
Lepidoptera (Larvae)
Diptera
Diptera (Larvae)
Hymenoptera : Forrnicidae

Others
CoLeoptera: Staphylinidae

ScoLytidae
CurcuLionidae
Carabidae
Scarabaeidae
Others
Larvae

1
1
0
1
9
0

1 6
94
1 7
0
0

2 3
2
0
1
0
0
0
0
3
0
0
0
2
1
0
0
0
2
0

1
0
0
2
9
0
7

s6
4
2
0
6
0

1 6
1 5
0
1
0
0

98
0
0
0
3
0
0
0
0
1
0

1
0
0
1

1 5
0,
3

61
4

. 0
0
4
0
0
0
0
0
0
0
9
0
1
0

1 1
0
1
2
1
0
9

0
1
0
0

1 1
1

1 6
163

2
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0

1 2



Conparison of pooled,
foyr sample plots

invertebrate collections fron the
using the chi- square urethod

Class -0rder Farnily x2

Arachnida

Cnrstacea

Diplopoda
ChiLopoda
fnsecta

+0Ligochaeta
+Gastropoda

+Scorpionida
+Pseudoscorpionida
Opi liones
Acarina
Araneae
Amphipoda
I sopoda

CoL l embol a
+Orthoptera: Gryllidae
B lattodea
De:maptera

+Isoptera
Homoptera

+Heteroptera
Lepidoptera (Larvae)
Diptera

+Diptera Lanrae
Hynenoptera : Formicidae

0thers
Coleoptera: Staphylinidae

+Scolytidae
Curculionidae
Carabidae
Scarabaeidae
Others

+Lanrae

relsse nl
1 7  . 3 8  *

1  6 . 5 0  n s

9 . 5 8
4 1  , 2 2
48  .00
16.67

243.36
2 1 2 . 1 2

7  . 8 2
v 8  . 3 1

1 5 . 2 3
3 . 7 9

1  8 1  . 3 0
1 1 . 0 9
50. 55

5 . 8 0
1 3 . 2 3
3 2 . 3 2

1 7 1 . 0 2

ns
* *
* *

ns
* *
* *

ns
* *

ns
ns

* *

ns
* *

ns
ns
* *
* *

)
X- (criticaL) for df=9 at

+ No test done since e >5

59o
19o

and

leveL = 76.92 *
leveL = 21 .67 **

T >20


