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Performance of 30 mm regrowth jarrah laminated
signboards under exterior conditions

'Forest Resources Division, Department of Conservation and Land
Management, Timber Utilisation Centre, Harvey 6220, Western Australia.

*Scicnee and Infortmation Division, Department of Conservation and Land
Management, Busselton Research Centre, Busselton 6286, Western
Australia,

SUMMARY

Regrowth jarrah (Eucalypius marginata Donn ex Sm.)
signboards 200 x 30 x 850 mm were glued with one of
three proprietary brands of waterproof exterior adhesive,
i.e. ‘Bondtite 145" (B145), Timbachem ‘Resobond A3’
(RA3) and Timbachem ‘Resobond 440’ (R440), and sealed
with one of four different paint systems. They were stored
under water-sprays in 2 log stockpile for three years,
during which the boards were sprayed with water for

15 minutes every two hours. Dry cleavage tests, as
specified in Australian Standard AS 1328-1987, were
conducted at the beginning of the trial before applying a
paint finish, and then after one year and after three years,
while wet cleavage tests were done after three years only,

After three years the dry cleavage tests showed that
glueline strengths had declired with all adhesives, and
both wet and dry tests indicated that RA3 gluelines were
significantly stronger than those of B145 and R440. All
gluelines satisfied the requirements of the Standard. R440
and B145 gluelines performed simiiarly in tecms of mean
percentage wood failure, but twice the number of panels
glued with R440 failed the wet cleavage test.

No significant differences in percentage wood failure
were found between paint systems or the interaction of
adhesive and paint, but the small sample size of two
replications per treatment was a constraint. The overall
condition of the signboards, in terms of checking and
splitting, showed that RA3 gluclines performed better than
those of B145 and R440. Consequently, RA3 is
recommended for gluing regrowth jarrah signboards for
use in exposed outdoor conditions. Further trials using an
increased sample size would be required to evaluate the
performance of different paint systems.

G.K. BRENNAN!, j.A. PITCHER anp S.1. WARD?

INTRODUCTION

A panel product manufactured by edge-and-face gluing of
thin boards has been developed at the Department of
Conservation and Land Management’s (CALM) Timber
Utilisation Centre (TUC). The system enables the
processing of timber from small regrowth eucalypt
thinnings into a value-added product for use in furniture
manufacture, and was deveioped to enable the forest
products industry to meet the demand for furniture wood
by supplementing solid timber supplies (Siemon 1990).

The product is principally used in interior applications,
for example, furniture components, panelling, bench and
table tops and cupboard doors. Exterior or high
equilibrium moisture content (EMC) applications are
possibic, as in signboards, but in outdoor applications a
waterproof glue (e.g. resorcinol formaldehyde) and a
reliable paint system are required. Adhesives used in
exterior appiications are generaily three to fourtimes the
cost of the interior adhesives, which increases the overail
cost of the panels.

The present trial assessed the performance of regrowth
jarrah signboards glued with one of three exterior
adhesives, and finished with one of four paint systems or
left untreated, and then stored in a water-spray stockpile
where they received regular wetting and drying over three
years.

MATERIALS AND METHODS

Thirty 850 x 200 x 30 mm signboards (ten per adhesive)
were manufactured by edge-and-face gluing with one of
three proprietary brands of waterproof exterior adhesive:

‘Bondtite 145° (B145):  Polyphenolic (tannin)
resorcinol formaldehyde

Timbachem ‘Resobond Resorcinol formaldehyde

A3’ (RA3):
Timbachem ‘Resobond Phenol/resorcinol
440’ (R440): formaldehyde (heat cured)

resin.
B145 is manufactured by Bondtite Adhesives Pty Ltd
in South Africa, and supplies in Western Australia (WA) at
the time of the trial were from Harcros Chemicals Pty Ltd.
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The adhesive is now available from Polymer Coatings and
Adhesives Pty Ltd. RA3 and R440 are manufactured by
Bunnings Timbachen, a Division of Bunnings Ferest
Products Pty Ltd. Panels were glued according to the
manufacturer’s specifications as given in technical
information sheets, i.c. B145 - Mydrin Australia (1994),
and RA3 or R440 - Bunnings Timbachem (1990a) and
{1990b) respectively.

Board moisture contents before gluing were between
8 and [0 per cent, based on oven-dry weight. Each cdge
was dressed immediately prior to gluing, allowing a
maximum time of one heur between dressing and gluing.
An ‘Orma’ glue press with an oil-heated platen was used
for edge-gluing, and a cold press for face-gluing. Details
of temperature, vertical and horizontal pressures, and
curing time are regarded as part of the intellectual preperty
of the process. Face glueline strength was assessed on the
pancis before expostre, according to the requirements of
the AS1328-1987 (Standards Association of Australia
1987) dry cleavage test. The percenlage of wood lailure
compared with adhesive failure was cstimated for each
glueline.

Two of the ten signboards in cach glue type were then
randomly allocated to onc of the following treatments;

unpainied (control)

water basced primer

oil bascd primer

water based primer and acrylic paint
(‘Mission brown’)

oil based primer and acrylic paint
(*Mission brown").

Signboards werce then placed in the TUC stockpifc in
October 1990 under a watering schedule of 15 minutes in
every two hours. Boards were supported on their cdges on
a {lat wooden surface about 300 mm above the ground,
giving an orientation of 98° to the sun, and allowing some
water trapping, which was intended to accelerale
deterioration.

Visual assessments of the condition of the gluclines
after one year (November 1991) and threc years
{(November 1993) were conducted using the following
classifications:

1 - excellent - no defeclive gluelines

2 - pood-no more than two hairline splits greater
than 150 mm long

average - no limit on hairline splits

poor - splils wider than 1 mm.

3 =
4 -

After this assessment, a detailed examination of the
glucline was done by inspecting the freshly cut ends of
each sample after clcavage samples had been docked.
Grading was by (he following classification:

0 - no checks

i - hairline checks < mm

2 - checks >1 mm

3 - splits from one surface to another surface.

Although the 1990 and 1991 assessments were done
by Mr S.L.Ward and the 1993 assessment by the other
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authors, the quantitative systems reduced the possibility of
operator bias by different interpretations of board
conditions.

Dry cleavage tests as described in AS (328 -1987
(Standards Association of Australia 1987) were done in
1991. The cut ends of the signboards were then resealed
and the boards re-positioned in the TUC stockpile. Wet
and dry cleavage tests were done at the completion of the
trial in November 1993, and board condition was rated
using the above criteria. Analysis of variance was used fo
determine whether there was a difference between glues
and treatments, both within the same year and belween
years.

RESULTS AND DISCUSSION

Tables | and 2 show the mean percentage woed failure for
face joints and the percentage of gluelines failing the dry
or wet cleavage tests for cach adhesive. The initial dry
cleavage tests (before applying the paint systems and
commencing the exposure phase of the trial) indicated that
R440 gluelines had significantly less strength (p<0.01)
than these of RA3 and B145. Mean percentage wood
failure for R440 gluelines was 72 per cent and those of
RA3 and B145 gluclines 100 per cent.

Newby and Siemon (1989) had assessed he
performance of a range of commerciatly available
adhesives used by the furniture industry in WA. They
found that when edge-gluing 60-year-old regrowth jarrah,
four of the five adhesives tested, i.e. urea formaldchyde
(*Grasp”), melaminc-fortified urca formaldehyde, pure
resercinol formaldchyde (RA3) and melamine
formaldehydc gave very good results from the dry
cleavage test outlined in AS 1328 - 1987 (Standards
Association of Australia 1987). The fifth adhcsive,
polyvinylacetate or PVA, could not be recommended.

After one year’s exposure the strength of all glues
decreased, with RA3 gluclines showing greater strength
than those of R440 and B145 gluclines. A significant
differcnce was found between the R440 and RA3 gluelines
(p<0.05), but no difference in weod failure percentage
occurred between the paint systems.

Exposing the signboards for another two years resuited
in the dry cleavage tests showing a 12 per cent decrease in
glue strength fer B145 gluclines, and a 6 per cent increase
in strength for R440 gluelines, although this may reflect
the different asscssor’s interprelations of wood failure, and
no change for RA3 gluelines. Wet clcavage tests require
samples to be subjected to a six-hour vacuum-and-
pressure cycle in an autoclave belere cleaving each
piueline with a chisel, hence it is a more severe test of
strength, and recommended for assessing waterproof
glues. Wet and dry cleavage results were similar in terms
of the mean percentage of wood failure (Table 2), but more
panels plued with RA3 er R448 failed the wet cleavage
test.

Dry and wet cleavage tests indicated that RA3
gluelines were significantly stronger than those of both
B145 and R440 (p<0.01). RA3 gluelines had a2 mean
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TABLE 1

Effect of adhesive on percentage wood failure in
face-glued regrowth jorrah signboards aiter one
or three years exposure [dry cleavage fest].

ASSESSMENT ADHESIVE WOOD FAILURE PANEL FAILURE
(YEAR) (%] (%)
MEAN S.D. RANGE No.
0 B145 100 0 s o 0]
RA3 100 0 - 6 o
R440 72.0 29.6 30100 6 o}
1 B14S 82.0 7.5 5-100 39 20
RA3 88.2 22,8 G100 40 10
R440 62.4 3.2 G100 40 30
3 B145 70.4 29.3 0100 80 20
RA3 89.0 17.5 25100 80 0
R440 68.6 26.6 10-100 80 20
TABLE 2
Effect of adhesive on percentage wood failure in
face-glued regrowth jartah signboards after three
years exposure (wet cleavage lest).
ADHESIVE WQOOD FAILURE FANEL FAILURE
(%)
MEAN S.D. RANGE No.
B145 66.3 292 0100 80 20
RA3 85.0 20.1 10-100 80 10
R440 60.3 20.6 10-100 80 40

percentage wood failure of 89 per cent (dry) and 85 per
cent (wet), and 10 per cent of signboards failed the wet
cleavage test after three years exposure. The 3145
gluelines had mean percentage wood failures of 70.4 per
cent (dry) and 66.3 per cent (wet), and 20 per cent of
signboards failed the wet cleavage test after three years
exposure. In comparison, R440 gluelines had a mean
percentage wood failure of 68.6 per cent (dry) and 60.3
per cent (wet), and 40 per cent of signboards failed the wet
cleavage test.

Appendix 1 lists the condition of individual gluelines
for cach adhesive and paint systein after three years
exposure. No significant differences were found between
paint systems or the combination of adhesive and paint
finish, although the small sample size should be taken into
consideration.

RA3 gluelines are perforining better than both R440
and B145 in termis of mean percentage wood failure and
the number of panels failing. R440 and B145 gluclines
performed similarly in terms of inean percentage wood
failure, but twice the number of panels glued with R440
failed the wet cleavage test after three years exposure.

For the combined dry cleavage results of all adhesives,
the results showed significant decreases in glueline

stréngth from year 0 to year 1 (p<(.01), and from year 0 o
year 3 (p<0.001). However, only Bi45 gluelines showed a
significant strength decrease from year O to year 3
(p<0.01). RA3 and R440 gluelines had no significant loss
in strength over the period. The initial dry cleavage results
for R440 indicated a lower glueline strength.

The dry cleavage results of the paint system for all
years indicaied a significant difference (p<0.05) between
R440 sealed with oil primer and acrylic paint and RA3
sealed with water primer or water primer plus paint. These
significant differences could be due to the varying
perforinances between R440 and RA3 affecting the paint
systems.

Table 3 lists the condition of the edge-and-face
gluelines after three years exposure. Signboards glued
with RA3 performed better than those glued with B14S or
R444, with a small percentage of signboards with checks
greater than 1 mm and no signboards with splits. Face
gluclines on the exposed or unexposed edges of all boards
performed similarly. Consequently, RA3 is considered to
give the best results in gluing regrowth jarrah signboards
for use in exposed outdoor conditions. Further trials using
an increased sample size would be required to evajuate the
performance of different paint systems.
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TABLE 3

Glueline performance of edge-ondtace jointed

30 mm regrowth jarrah signboards glued with one of
three different adhesives ahter three years exposure

to exterior conditions (% in perentheses)

ADHESIVE GLUELINE EXPOSED UNEXPOSED EDGE EDGE
PERFORMANCE FACE FACE | 2
CODE* GLUELINESP GLUELINES"
B145 0 8 {40) 15(75] 23 {50} 28 {61
1 4120} 2(10) 501 49
2 6[30) L(5) 6113) 142y
3 2010) 2110) 12 (26) 13 {28)
RA3 0 17 (85) 19 (95) 48 {100} 47 (100)
i 2010) 0 0 o}
2 1(5) 1(5) 0 0
3 0 0 0 0
R440 0 12 (60) 15 179) 45 (90} 38{79)
| 2110) 2110.5) 2i4) 2 (4}
2 5(25) 2110.5) 142) 2 (4}
3 1 15) 0 2 |4 6{13)

¢« Cede O-no checks
1 - hairline checks <1 mm
2 - checks »>1 mm
3 - splits from one surface to ancther sutace

5 Number of gluefines with o porticular code and percentages in parentheses are given. [Assessment was dore on

edges allar culling cleavage samples, enabling clear ideniification of gluelines.)

[n subscquent research on gluing jarrah and karri
(. diversicelor IF. Muell.), Balfas (1993) found that
sanding with a coarse abrasive (80 grit paper) prior to
ghuing substantially increased wettability and dry bond
strength of jarrah and karri in both the dry and wet
conditions. He also found that surface treatment with
soditum hydroxide (NaOH) also improved wettability and
glueline strength with the dry cleavage test, but only
slightly increased glucline strength when the wet cleavage
test was applied. A combinatien ef coarse sanding (80 gril
paper) and Na@H treatment increased wettability and
bond strength gave better results. [n addition, Balfas
(1994) found that surface activation using lithium and
sodium hydroxides significantly increased wettability and
glucline strength when gluing jarrah and karri. Resulls
from these studies need to be included in future trials
assessing the overall performance of glued panels exposed
under exterior conditions.
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APPENDIX 1

Effect of adhesive and paint syslem on glueline

G.K. Brennan et al., Performance of regrowth jarrah signboards

performance of edge-ondface jointed 30 mm regrowth
jarrah lominated signboards after three years exposure
to exterior condilions [% in parentheses).

GLUELINE EXPOSED UNEXPOSED EDGE EDGE
PERFORMANCE CODE= FACE® FACE" 1 2
B145
Unireated {control)
0 010 1125) 0 0
1 1 (25} 250 0 o}
2 3(75) 1 {25} 1112.5) 1{12.5)
3 010l 0 (0} 7 (87.5) 7 187.5)
TOTAL 4{100] 4 {100} 8(100) 8 (100
Oil primer
0 2{50) 4(100) 550} 5150}
1 (o} 0 2120} 2{20)
2 1(25) 0 0 0
3 1{25) 0 3130} 3{30)
TOTAL 4 {100} 4{100) 10 {100} 10 {100}
Water primer and paint
0] 375} 4{100) 6(75) 675}
1 0 0 1{12.5} 1{12.5)
2 1{25) o} 0 0
3 ® 0 1112.5) 1412.5)
TOTAL 41100} 4(100] 8{100] 8 {100}
Woater primer
0 1{25) 4100) 7170} 10 (100)
] 1 {25) 0 2120} 0
2 2{50) 0 1{10} c
3 0 0 0 0
TOTAL 4100} 4 (100} 10{100) 10{100)
Qil primer and paint
0 11(25) 4 {100} 5 {50} 7{70)
1 2(50) 0 0 1{10)
2 0 0 4{40) 0
3 1{25) 0 1 {10} 2120]
TOTAL 4{100] 41100 10{100) 10 {100}
R440
Unireated [control)
0 0 1{33) 7170 3 (30}
| 21{50] 2167) 1010) 0
2 1125} 0 0 1{10)
3 1 {25} 0 21200 6[60)
TOTAL 4 (100) 4{100) 10(100) 10 (100}
Oil primer
(o] 3175 4100} 10 (91} 10100)
1 0 0 119] 0
2 1125) 0 0 0
g 0 0 0 0
TOTAL 4100} 4({100) 11 4100] 10{100)
Woler primer and paint
0 41100} 4{100) {100} 7178}
1 0 0 0 101}
2 0] 0 o 1)
3 Q 0 0 0
TOTAL 4 (100} 4{100) @ {100) 9 {100}
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Appendix 1 {continued]

GLUELINE EXPOSED UNEXPOSED EDGE EDGE
PERFORMANCE CODE® FACE® FACE® 1 2
R440 (continued)
Woater primer
0 3(75) 41100} 10(91) 10(91)
1 0 0] 0 (0]
2 1(25) 0 119 19
8 0 0 0 0
TOTAL 41100} 41100} 11 {100} 11{100]
Cil primer and paint
0 250 2150} Q{100] 9{100)
! 0 0 0] 0
2 2 {50) 2 {50) 0 0
3 0 0 0 0
TOTAL 4{100) 4 {100} 9 {100) Q{100)
RAJ
Untreated (control)
0 4100} 4 {100} Q{100 8 1100}
1 0 0 0 4]
2 0 0 0 0
3 0 0 0 0
TOTAL 4{100) 4 {100} Q{100) 8 {100)
Qil primer
0 3{795) A1100) 9{100) ${100)
1 0 0 0 ¢
2 1(25) 0 0 0
3 0 0 0 ]
TOTAL 4 {100} 41{100) G {100) Q(100)
Waler primer and paint
0 4 {100} 3 (75} 10 {100} 10 [100)
1 0 0 0 0
R ¢ 1 (25} 0 0
3 0 o] 0 0
TOTAL 4(100) 4 {30} 10{100) 10 1100}
Water primer
0 2150) 41100} 2{100) Q{100)
1 2 {50 0 0 0
2 0 0 0 0
8 0 0 0 0
TOTAL 4{100) 4 {100} Q{100 {100}
Qil primer and paint
0 4{100) A4 (100} 11100 11 (1C0)
1 0 0 0 0
) 0 0 0 0
3 0 0 0 0
TOTAL 4 (100} 4 [100) 111100 11 (100)
° Code O-no checks

1 - hairine checks <1 mm
2 - checks > 1 min
3 - splits from one surface lo another surface

& Number of gluelines with a porticular code ond percentages in parentheses are given.

samples, enabling cleor identificotion of gluelines.]

CALMScience
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Treating four-year-old Tasmanian blue gum posts
with pigment emulsified creosote

'Forest Resources Division, Department of Conservation and Land
Management, Timber Utilisation Centre, Harvey 6220, Westemn Australia.

!Consultant, 2/289 Waverley Road, Mount Waverley 3149, Victoria.

SUMMARY

Tasmanian blue gum (Eucalyptus globulus Labill. ssp.
globulus) posts cut from four-year-old trees growing in an
agroforestry trial at Middlesex, 15 km south of Manjimup,
were treated with Pigment Emulsified Creosote (PEC) or
High Temperature Creosote (HTC).

A hot and cold bath treatment process with
temperatures between 95°C and 100°C and without
mechanical shearing or agitation, caused thc PEC to
sediment in the base of the treatment drum. Subsequent
reheating did not result in increased preservative retentions
in retreatments, Posts treated with HTC required three hot
and cold bath cycles to achieve the required retention and
depth of penetration to between 30 and 45 mm, PEC
costs about 50 per cent more than HTC. This trial
demonstrated the need for a method of preservative
agitation to maintain a stable emulsion, if PEC is to be
used effectively in this process. HTC is a suitable
preservative to treat Tasmanian blue gum fence posts using
the hot and cold bath process for the butts and cold
soaking the crowns.

INTRODUCTION

The Department of Conservation and Land Management
(CALM) and private land owners have entered into
partnerships with two overseas companies in which the
Department will establish Tasmanian blue gum
(Eucalyptus globulus Labill. ssp. globulus) plantations
over 10 years. The first partnership is with the Japanese
consortium Oji-Itochu to establish 20 000 ha, centring
mainly on private tand on the south coast around Albany.
The second partnership is with Hansol Forest Products of
Korea, with 10 000 ha of Tasmanian blue gums to be
planted in the Wellinglon caichment near Collie (CALM
1993). Although planted primarily as a source of
pulpwood, the plantation can reduce the effects of

G.K. BRENNAN', J.A. PITCHER' anp J.B. WATKINS?

salination and eutrophication through soil rehabilitation
and can provide habitats for fauna (Shea and Bartle 19838).

In addition, the species can provide sawlogs for
structural or appearance grade timber, if the stands are
well managed. Fence posts and strainers from thinnings
are an alternative product, provided they are treated with
preservatives to enhance their durability, when used in
contact with the ground. Previous trials involved treating
two-year-old and 2.5-year-old Tasmantan blue gum
(Brennan 1992; Brennan and Pitcher 1993) using High
Temperature Creosote (HTC) manufactured according to
AS 1143 (Standards Association of Australia 1973) using
the hot and cold bath process or cold soaking.

Pigment Emulsified Creosote (PEC) is a relatively new
and unique formulation which contains a micronized
finely dispersed pigment, the function of which is to lock
the creosote into the wood structure and inhibit subsequent
bleeding or sweating of the preservative (Chin er al. 1986),
which is commonly experienced with HTC-treated timber.
PEC is manufactured as an oil-in-water emulsion, by
simultaneously bringing together and emulsifying the
prepared aqueous and oil phases under conditions of ultra
high shear (Chin e/ a/. 1986). However, prior to use in the
treatment process it is inverted to a water-in-oil emulsion
in which the pigment particles distribute around the water
droplets. Their deposition within the structure of the
timber obviates bleeding and produces a dry clean surface
upon weathering. PEC has been jointly patented by
CSIRO Division of Forest Products and Koppers Austratia
Pty Ltd in Australia (Watkins 1977 Patent No. 514897,
Watkins et a/. 1989 Patent No. 570984). Chemically, PEC
is coiposed of 65 per cent creosote, 30 per cent water and
5 per cent surfactants, stabilizers and finely dispersed,
micronized pigment (Greaves ef al. 1986). Unlike HTC,
PEC does not crystallize and presents no problems with
loss of active creosote components, or with the removal
and disposal of crystallized products from work and
storage tanks, or from the treatment cylinder, pump lines
and valves. The odour in and around treatment plants is
reduced significantly and there is reduced ground
pollution. In addition, weathered PEC-treated
commodities are odourless and do not bleed, even at
elevated ambient temperatures.

PEC-treated timber and posts exhibit relatively dry
oil-free surfaces, and therefore are much easter to handle
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than timber treated with HTC. PEC does not emit
irritating vapours like HTC and can be used to treat wood
at temperatures of 30° C lower than those used with HTC.
After pressure impregnation, PEC-treated posts exhibit a
rust colour when weathered, whereas HTC-treated timber
is a dark to black colour. Additional pigment or colourant
(white, brown, etc. pigment) can be added to PEC for
aesthetic reasons, to further reduce the dark crcosote
colour.

PEC is designed for use in pressure impregnation
treatment plants with poles being commercially treated
with PEC at Kopper’s Grafton plant in New South Wales.
if PEC is left standing in storage tanks for long periods,
sedimentation can occur. A mechanical agitator or a pumyp
to occasionally circulate PEC and an in-line homogenizer
called a Dispax Reactor® is required to maintain a
homogenized emulsion. PEC is stable up to a practical
working temperature of 95° C, and in commercial
situations PEC can be heated to 90° C when a Dispax
Reactor® is used (Hawkins' personal communication).

[n the 1950s the CSIRO Division of Forest ’roducts
developed three on-farm methods for treating fence posts;
cold soaking, low-pressure soaking and the hot and cold
bath process (CSIRO 1955). The hot and cold bath
process involves heating the dry posts in steam, hot water
or hot liquid preservative to drive out any air in the posts,
followed by cooling in preservative, when atmospheric
pressure assists capillary forces in moving the liquid to
replace the air driven out (Dalte 1967). Heating to just
below 100° C in water, or to higher temperatures in oil or
steam, is most effective. In this trial the dry posts were
treated by the hot and cold bath process with the buits
immersed in hot PEC or HTC.

In the hot and cold bath process used in on-farm
treatments, a relatively small volume of PEC would be
heated to between 90°C and 95°C, with some agitation

achieved by pufting posts in and out of the treatment drum.

The aim of this trial was to determine whether PEC could
be heated to between 90°C and 95°C without sedimenting,
in order to treat four-year-old Tasmanian bluc gum posts
using the hot and cold bath process. Posts treated with
HTC were used as a control.

MATERIALS AND METHODS

Approximatcly 65 Tasmanian blue gum posts, 50 to
130 mm small end diameter under bark (s.e.d.u.b.) and 1.7
to 2.0 m long were cut from four-year-old trces growing in
an agroforestry trial at the old agricultural research station,
Middlesex, approximately 15 km south of Manjimup. The
trees were planted in Junc 1989 at 330 stem ha' in rows
15 m apart and spaced at 2 m. A 1992 thinning reduced
this to 165 stem ha'! and remaining trees were pruned to
2m.

Trees were felled on 15 March 1993, docked into posts
and delivered to the Wood Utilisation Research Centre

' Mr Terry Hawkins, Koppers Timber Preservation Py td, North Sydney.
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(now Timber Utilisation Centre - TUC) in Harvey the
following day. Posts were debarked within three days of
felling by manually striking the posts with the back of an
axe and removing the bark by hand or the axe blade. After
strip stacking, the posts were dried to below fibre
saturation point (f:s.p.), about 25 per cent moisture content
(bascd on oven-dry weight), by a combination of air and
kiln drying. After five months all posts were below f.s.p.
(mean moisture content 17.7 per cent) and were
considered suitable for trcatment using the hot and cold
bath process.

Preparation

After drying, posts were sorted into diameter classes and
randomly allocated to different treatment batches.
Approximately 8 per cent of posts were severely splitas a
result of drying and were considered unsuitable for
{rcatment.

Prior to treatment all posts had small and large end
diameters under bark, and sapwood width, measured in
four positions. Sapwood and total post volumes were then
calculated. The mass of posts before and after treatment
was measured to determine PEC uptake. Immediately
before treatiment, 20 mm was removed from the ends of
cach post as the end grain can become blocked with kine
and dirt, restricting the longitudinal movement of liquids.
Air-dry densities and initial moisture contents were
assessed.

Equipment

The following equipment was used for treating 1.8 m posts
with creosote:

* 2205 L drum (760 mm high) for butt treatment and an
extended drum (1300 mm high) to treat the crowns;

* draining troughs made by cutting a drum (205 L) in
half lengthwise;

* leaning rails to support the posts standing in the
draining troughs;

= clectric base hot plate with a thermostat to contro}
temperature and a multimeter or thermometer to

nonitor temperature;

* insulation to wrap around the trcatment vessel, e.g.
R 2.0 batts;

= steel mesh or a metal grid cut to fit the base of the
drum, to elevate the posts off the bottom of the drum,
thus allowing creosote to readily penetrate the ends of
the posts;

= temporary roofing erccted over the treatment drums in
wet weather, as any water entering the treatment drum
would cause inaccuracics when estimating
preservative uptake;

» dipstick with a lineal tape attached for measuring
change in creosote levels, and a measuring jug;

- safety wear of full length clothing, gloves, shoes and
hat and UV barrier cream for applying to exposed skin.

When cold soaking the electric base hot plate was
removed.
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Although PEC or HTC can be heated in a 205 L drum
over an open fire, creosote is flammable and use of an
open fire is not recommended.

Butt Treatment

The butts (760 mm) were treated using the hot and cold
bath process. This process involves heating dry posts in
hot creosote to drive out some air (and additional water) in
the posts, followed by cooling overnight in the treatment
drum, when atmospheric pressure assists capillary forces
in moving the liquid into the posts, to replace the air
driven out(Dale 1967). Mean moisture contents at
treatment were approximately 18 per cent for the three
batches treated. Appendix 1 lists the schedules for treating
the butt sections for each of the batches.

During the coid cycle, creosote was absorbed into the
posts, causing the preservative level to drop. Measured
amounts of creosote were added to keep the level at
approximately 775 mm (above the critical level of
760 mm), but at least 75 mm below the top of the drum, to
allow for expansion of the preservative when heated.

The CSIRO Division of Forest Products (1961)
recommended a sapwood retention of 160 kg m™? of
creosote (146 L m?) for the butt ends, and between 48 to
64 kg m™ (44 to 58 L m™) for the crowns. The butt end
retention of 160 kg m? was specified 34 years ago and is
higher than the current Australian standacd of 99 kg m? for
posts treated to hazard level 4 (H4) (Standards Australia
1993). The volume of PEC or HTC required to achieve
these retentions was estimated from sapwood volume
estimates. When the butts had absorbed the estimated
volume of creosote the posts were removed, and excess
creosote drained into troughs, measured and returned to
the treatment dram. This amount was subtracted frem the
initial calculation to give the actual volume of creosote
absorbed by the butts. The gain in mass for each post was
used to accurately determine the PEC or HTC uptake for
the butt sections.

Crown Treatment

After butt treatment, posts were inverted and placed in a
205 L drum extended to 1300 mm high to allow the full
length of the posts to be treated. Crown treatment
involved cold soaking instead of the hot and cold bath
process, owing to the lower decay hazard in the above
ground section, Based on the sapwood volume and the
required preservative retention, the amount of PEC or
HTC needed to treat the crowns was estimated. Batch [
required 13 days and Batch 2 seven days soaking in PEC
and Batch 3 required nine days soaking in HTC to
adequately treat the crown sections. After crown
treatment, posts were removed and any excess preservative
was drained, measured and returned to the treatment drum.
Two or three samplé posts per batch were cross-cut at
100 mm, 300 mm, 450 msm, 600 mm, 700 mm and
760 im from the butt and the sections then spiit
longitudinally with an axe. A visual assessment of the

pattern and distribution of creosote treatment on both the
transverse and radial longitudinal sections was used to
determine whether further treatments were required.
Insufficient radial penetration of creosote into the sapwood
was indicated, therefore retreatment was required.
Photographic records were made of transverse and radial
longitudinal sections.

All posts were individually weighed and preservative
retention was estimated by gain in mass for the butts,
crowns and total [engths.

Chemical Analysis

Two 20 mm diameter cores were taken 600 mm from the
butt of twelve posts (four from each batch) for chemical
analysis by the Chemistry and Wood Preservation
Laboratory of the Queensland Forest Service. Creosote
retentions in percentage mass/mass and kg m®, depth of
penetration, sample moisture contents and air-dry density
were determined. Analysis was carried out according to
AS 1605 - 1974 (Standards Association of Australia 1974).
Creosote has been found to be more difficult to extract
from PEC-treated samples than from HTC-treated
samples, and often the PEC-treated samples required a
longer extraction period (Kennedy? personal
communication).

Post Identification

Following treatinent with PEC or HTC, posts were tagged
as follows:

Batch 1 (PEC)  1-1,1-3, 1-5,1-6, 1-7 and §-11 to
1-19 (14 posts);
2-1t0 2-3,2-5to0 2-14,2-16,2-18 to
2-20 (17 posts);
3-1to 3-5 and 3-8 to 3-18 (16 posts).

Batch 2 (PEC)
Batch 3 (HTC)

The gaps in the sequence are because some posts were
cut to examine creosote distribution during treatment, as
discussed above.

Assessment

Posts have been placed in-service at a CALM share
farming property in the Busselton District to assess fong
term performance.

RESULTS AND DISCUSSION

Air-dry Density and Moisture Content

The air-dry densities and moisture contents for four-year-
old Tasmanian blue gum posts determined before and after
treatment are given in Table 1.

* M Michoel Kennedy, Queensland Deportment of Primary Industries, Forest
Service, Indooroopilly, Queensland
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Air-dry densities measured in this trial for four-year-
old Tasmanian blue gums is lower than the mean density
of 727 kg m™? determined by Kingston and Risdon (1961),
but higher than the mean air-dry density of 475 kg m? for
two-year-old Tasmanian blue gums measured by Brennan
and Pitcher (1993). The standard deviation of 70 kg m”
indicates greater variation between samples than the
47 kg m™ quoted by Kingston and Risdon (1961). The
differences in age between the trees assessed in this trial,
and those assessed by Kingston and Risdon (1961) and
Brennan and Pitcher (1993), would contribute to the
difference in densities. Low mean air-dry densities
indicate thin cell walls and large cavities within cells,
which should allow a greater uptake of creosote,
particularly PEC, where complex surface chemistry plays
arole.

TABLE 1

Airdry densities and moisture contents before and alter

irealing fouryearold Tasmanian blue gum posts with
PEC or HTC.

Moisture contents before treatment were well below
fibre saturation point (f.s.p.), indicating that the cell
cavities contained no free water, which could restrict
preservative uptake. Moisture contents after treatment
indicated slight motsturc loss during the hot and cold bath
treatment process. The moisture content before and after
treatment was used to calculate PEC or HTC retentions
based on mass loss using a formula described by
Markstrom and Gjovik (1992), and is reported below.

Butt and Crown Retentions

Table 2 lists the butt retentions in percentage mass/mass
and kg m?, and depth of penctration based on chemical
analysis of sample cores taken 600 mm from the butt.

BATCH AIR-DRY DENSITY fkg m?} MOISTURE CONTENT (%)
BEFORE TREATMENT AFTER TREATMENT
Meon SHB) Range Meon SD.  Range Meoan  SD.  Range
1 640 70 550790 17.8 0.7 17.0-18.9 12.8 275 G-14
2 640 70 550760 17.4 157 16.1-19.8 1245 1.9 11-15
& 640 70 550790 17.9 07 173192 .8 (V53 10
TABIE 2
Creosote relentions in percentage mass/mass and kg m*
for fouryearold Tasmanian blue gum posls, based on
chemical analysis.
SAMPLE BATCHH 1 [PEC) BATCH 2 (PEC) BATCH 3 (HTC}
No. RETENTION® RETENTION® RETENTION®
Depth of Deplh of Depth of
%m/m kgm?  penetalion %m/m kgm®  penetation %m/m kgm?® penetration
{mm) (mm) {mm)
1 12.4 80 35-40 Q.1 Q0 301535 110 70 40 - 45
2 14.2 Q0 40 - 45 9.5 60 3540 15.3 100 35 - 40
8 11.0 70 40- 45 13.8 Q0 35-40 6. 40 30~ 35
4 14.3 G0 > 40 289 185 45- 50 1.3 10 30-40
Mean 13.0 825 35-45 Ut 106.2 30- 50 8.4 550 30-45
@ Creosote retention (% maoss/mass) = Moss of preservalive x 100
Mass of core unalysed
Creosote relention (kg m?) = Crecsole refenfion {% m/m} x Air-dry density
100
where airdry density is Ihe densily of the sample analysed
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Australtan standard AS1604 -1993 requires hardwoods
to be treated to hazard level 4 (H4) to have a retention of
10 per cent mass/mass or 99 kg m™ mass/volume. Hazard
level 4 (H4) is for timber that is used in ground contact
and subjected to severe wetting and leaching, for example,
fencing, greenhouses, pergolas and landscaping timbers
(Standards Australia 1993). The 99 kg m™ cstimate is
based on the air-dry density of spotted gum (£. maculata
Hook.). Batches 1 and 2 had mean preservative retentions
greater than 10 per cent mass/mass and passed the H4
requirement, whereas the lower retention of 8.4 per cent
mass/mass for Batch 3 was owing to the low creosote
retentions in samples 3 and 4. AS 1604 requires the
retention in 90 per cent of test pieces selected from the
treatment batch to be not less than 10 per cent mass/mass
and 90 per cent shall pass the requirement of full sapwood
penetration. Only four samples in each batch were
analysed, with two samples in Batch 2 just below the
required minimum retention with retentions of 9.1 and 9.5
per cent mass/mass. Two samples in Batch 3 were below
the required minimum retention, particularly sample 4
which had a retention of 1.3 per cent mass/mass. Further
analyses would be an advantage because of the small
sample size. Errors associated with this methed of
estimating preservative retentions are discussed below,

All the test samples must show evidence of
preservative penetration across the full sapwood band.
Although starch tests were not conducted, the young age
of the trees would indicate the posts consisted of sapwood.
Microscopic examination did not reveal any tyloses, which
indicated that there was no heartwood or transition wood
present. In comparison, Nicholls and Phillips (1970)
reposted that heartwood formation takes place in manna
gum (E. viminalis Labill.) when the sapwood is about
4-years-old. Penetration depths are listed in Table 2 and
indicate PEC and HTC penetrating greater than 30 mm
with some samples up to 50 mm. Retentions in the first
25 mm, which represents more than half the radii of the
posts, would be substantially higher than in the inner
portion of the analytical zone, giving the posts a greater
overall strength and a longer life m ground contact.
Despite these penetration depths, low retentions were still
recorded and retentions based on mass gain or reduction in
creosote level while the posts were immersed, gave a
better overall estimation of preservative uptakes. PEC is
difficult to extract by the Dean and Stark method outlined
in AS 1605 -1974 (Standards Association of Australia
1974) and chemical analysis may indicate fower
retentions,

The mean percentage of treated sapwood (based on the
fuli cross section) for the butt samples analysed were :

Batch 1 59 to 76 per cent
Batch 2 54 to 90 per cent
Batch 3 55 to 82 percent

All samples had creosote penetrating the outer 50 per cent
of the sapwood and in some samples as much as 90 per
cent, In AS 1604 - 1993, the requirement for H4 is for all
sapwood to be treated, and the preliminary redraft of

AS 2209 - 1979 requires hardwood poles of durability
class 4 to have a minimum depth of penetration of 20 mm
and softwood poles 35 mm (Local Government Electricity
Association of New South Wales 1992). Sapwood is non
durable, i.e. lower durability than class 4 heartwood. In
addition, where a species has a wide sapwood band but the
inner portion is refractory, creosote is required to penetrate
a minimum of 20 mm or 75 per cent of the sapwood
thickness, whichever is the greater (Local Government
Electricity Association of New South Wales 1992). All
samples indicate penetrations greater than 30 mm and
some as high as 50 mm, satisfying the requirements of the
redrafted AS 2209 but not achieving the fuil sapwood
penetration requirement in AS 1604. Achieving a mean
preservative treatment band of 30 mm to 50 mm should
give protection to any untreated sapwood in the centre of
the post and give the post an adequate residual strength in
the treated annulus to ensure structural integrity,

The poie standard (redraft of AS 2209 - 1979) specifies
the size of the treated sapwood band for poles used for
overhead lines, where strength and durability are critical,
and therefore the depth of preservative penetration is
important. Fence posts do not have the same load bearing
requirements and safety factors as transmission poles, and
it is not as critical to achieve a minimum sapwood
penetration of 20 mm or 35 mm, but to have a treated
envelope of sufficient penetration to protect any untreated
heartwood. Without pressure impregnation it is difficult to
achieve full sapwood penetration, and in some commercial
situations it would be uneconomical to treat the full
sapwood bands of posts similar te those treated in this
trial, owing to chemical costs.

Retentions based on mass gain for the butts, crowns
and full lengths are listed in Table 3. The retention level of
each post was calculated using the following equation
given in Markstrom and Gjovik (1992):

_ W(100+ M,) - X(100+ M,)
Z(100+ M,)

4

= retention of creosote (kg m)

= weight of treated post (kg)

= weight of untreated post at time of moisture content
determination on sample posts

= volume of post (m?)

= average moisture content, oven-dry weight, of five

sample posts before treatment (%)

average moisture content, oven-dry weight, of five

sample posts after treatment (%).

XK=<
I

N
|

Individual post retentions were used to calculate the
mean retentions for each batch,

Table 4 lists the post dimensions, preservative uptake
and costs based on the reduction in creosote level while
treating the posts. Retentions determined using
Markstrom and Gjovik’s (1992) formula (Table 3) are
similar to those given in Table 4, but as expected are
greater than those determined by chemical analysis. The
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TABLE 3

PEC and HIC retentions based on mass gain for butts,
crowns and full lengths.

BATCH RETENTION tkg m?]
BUTT CROWN FULLLENGTH
Meen  SD. Range Mean  SD.  Range Meon  S.D.  Range
1 {PEC] 170 25 135225 92 14 65117 27 174 99165
2 {PEC) 160 26 107-236 62 10 47-83 107 7% 78-148
3 (HTC) 98 18 74143 66 11 5589 81 12 &67-105

butt retentions estimated by the reduction in creosote [evel
while posts were immersed and mass gain methods are
between two and 2.5 times greater than those estimated by
chemical analysis of a small specimen. The reduction in
creosote level method was 1.3 times the mass gain
retentions. When estimating crown retentions, the
reduction in creosote level while the posts were immersed
and mass gain methods gave similar resuits. All methods
indicated that posts ircated with HTC (Batch 3) had lower
retentions than posts treated with the PEC emulsion
(Batches 2 and 3). Despite the [ower retentions of posts in
Batch 3, the rctentions estimated by mass gain, and
reduction in creosote Jevel while the posts were immersed
indicated retentions above the minimum requirement for
H4 in AS 1604 - 1993.

Al three methods have potential for errors to occur.
Measuring the reduction in the creosole level with posts
immersed required reading a dipstick to the nearest
millimetre, but owing to the large surface area of the
treatment drum a differcnce of one or two millimetres
leads to inaccuracies. Measurements needed to be taken
at similar temperatures because of the amount ef creosote
expansion experienced at differcnt temperatures.
Inaccuracies can occur in determining sapwood volunie,
because generally the boundary between sapwood and
heartwood is very difficult to see in posts cut from young
trees. However, the young posts treated in this trial
contained all sapwood, and as stated previously,
microscopic examination did not find the tyloses
associated with transition wood.

The mass gain method is the more accurate method
because individual posts are weighed before and after
treatment, and any additional weight gain is predominantly
the resul$ of preservative uptake. Any moisture loss during
treatment was between 5 and 8 per cent for the different
batches and is accounted for in Markstrom and Gjovik’s
formula. Retentions based on this method should be used
for indicating post and batch retentions and a land owner
could use scales to determine weight gain and preservative
uptake. Chemical analysis was based on sampling four
posts per batch and the retention for the butt section was
determined by two small 20 mm diameter cores taken at
one position. The results of analysis of retention at that
position should be accurate, but only an indication of
reteations in the whole butt section.
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An alternative method to determining preservative
uptake by the change in the creosote level in the treatment
vessel with the posts immersed, is the ‘top-up method’
described by CSIRO (1955) which involves :

(1) Estimating the amount of preservative that a batch of

posts should absorb during butt or crown treatment

(based on sapwood volume).

Measuring this quantity of preservative into a

container.

(3) Marking on a dipstick the tevel of the preservative in

the drum at the beginning of the butt treatment (use a

metal dipstick because the creosote will be absorbed

into a dry wooden stick, leading to errors),

Ensuring the level is approximately 775 mm (which is

above the critical level of 760 mm), but at least 75 mm

below the top of the drum, to allow for expansion

when heated.

As the treatment proceeds, add measured quantities of

creosotc from the centainer to the drum, bringing the

level back to the original.

(6) When all the preservative from the container has been
used, treatment is complete.

(2)

4

(5)

The *top-up method’ allows the creosote level to be
maintained at a setlevel and ensures that no untreated
gaps occur, However, regular monitoring is required
during treatment, particularly if using the hot and cold
bath process, 10 ensure that the required retentions are
achieved.

In the present trial, crowns were cold soaked for
13 days (Batch 1), 7 days (Batch 2) and 9 days (Batch 3).
Seventy-five per cent of the PEC absorbed into the crowns
treated in Batch 1 occurred in the first five days, thercfore
Batch 2 was soaked for only 7 days. Batch 3 had 80 per
cent of the HTC absorbed into the crowns in the first six
days and 20 per cent in the next three days. Retentions
determined by the mass gain or reduction in creosote level
while the posts were immersed gave similar results
(Tables 2 and 3). All batches passed the minimum
retention requirement of 48 to 64 kg m™ given by the
CSIRO Division of Forest Products (CSIRO 1961).

PEC is subject to sedimentation if left standing without
agitation. When treating posts by cold soaking,
homogeneity is easily restored by stirring. As stated
previously, PEC is an emulsion composed of creosote,
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TABLE 4

Post dimensions, preservative uptoke based on reduction
in creosofe level in Ireatment vessel, and cost of Irealing
fouryear-old Tasmanian blue gum posts with PEC or HTC.

Batch  No.of  Mean Total  Total log Preservative uptake (L) Preservative cosls {$)
posts s.edub. sopwood volume
treoted fem) volume {m3)
(m3)
Butt Crown Past
Total Perpost  Per m? Total Perpost  Per m? Total Perpost  Per m®  Perlire  Perpost  Per m?
1 16 Q1 0.27 0.27 2025 1.8 189 {l m?) 10.0 0.6 64 (LmY JLS 1.9 117 (L m?) (.74 3.36 207.09
(PEC) 207 (kg m?) 70 (kg m% 128 (kg m?}
2 18 8.2 0.25 0.25 20.8 1.2 198 {L m?) 10.5 0.6 72 (L w3 31.8 e 125 (L m3) 1.77 3.02 220.25
(PEC) 217 (kg m?) 79 [kg m?) 137 tkg m?3}
3 17 8.6 025 0.25 1255 07 119 (L m?) 94 0.6 65 {Lm?) 219 18 88.6 (L m9) 1.18 153 103.84
HTC} 130 tkg m?) 71 [kg m?} 96 (kg m?)

Retenlions are based on the reduction in creosote level while treating the posts.

sTL
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water, surfactants, micronized pigment and stabilizers,
When PEC is heated to 95°C in a commercial pressure
impregnation treatment process a homogenizer is required,
i.e. the emulsion is sheared through multiple teeth
generators in a Dispax Reactor®and in storage tanks an
agitator is used to stir the emulsion. When PEC is used
without shearing either during or after treatiment, the
emulsion will tend to sediment in the base of the storage
cylinder.

Batches | and 2 required three treatments to produce
the required PEC penetration and retention, however, with
cach subsequent hot and cold cycle it appears 1o become
more difficult to treat the posts. The build-up of deposits
(concentrated emulsion/pigments) on the post surfaces can
restrict radial movement. Stirring the solution between
treatments and agitating by placing posts in and out of the
treatment drum did not reconstitute the PEC, with
sediment remaining at the base of the drum.

Some bleeding of PEC was observed when the posts
were placed in direct sunlight, which could be caused by
high creosote loadings, degraded emulsion as indicated
above, or air in the posts expanding when hcated and thus
expelling some PEC. The pigment particles are deposited
within the wood structure when a vacuum is applied and
the emulsion breaks within the wood cells. The pigment
has the critical rolc of both stabilizing the emulsion and
producing the clean surface of the treated commodity,
upon drying and weathering. The actual colour would be
regarded as a bonus, The posts remain grey until they dry,
then brown as the creosote is baked on the surface of the
pigment particles by heat and, more importantly, ultra
violet radiation. The brown colour is caused by the
weathering of dried oxidized creosote on the surface of the
pole. Eventually the posts weather to appear as if they are
not treated at all, that is the colour becomes grey/whitc.
The surface of a pole treated with PEC in a pressure
impregnation process normally develops a rust colour
instead of the dark colour of a HTC-treated pole. This rust
colour was not observed on the posts treated in this trial.

Costs

A 205 L drum of PEC was donated by Koppers Australia,
as PEC is not sald commercially in 205 L drums, and a
wholesale price cannot be given. However, an estimated
cost of PEC is probably an additional 50 per cent above
the cost of HTC, i.e. about $1.77 per L (Hawkins personal
communication). This price of $1.77 per L in 205 L drums
includes the cost of transportation 10 Western Australia and
can be significantly reduced when purchased in bulk
commercial volumes of 20 000 to 25 000 L. Table 4 lists
the cost per cubic metre and per post based on the uptakes
determined by the reduction in creosote level while posts
were immersed. The amount of PEC used to treat an

80 mm to 90 mm s.e.d.u.b. post in this trial cost between
$3.02 and $3.36 per post ($221 and $207 per m*) and HTC
cost $1.53 per post ($104 per m®). Preservative costs
based on retentions determined by mass gain would be
slightly less, i.e. $2.36 and $3.33 per post ($172 to $205
per i) for PEC and $1.29 per post (388 per m*) for HTC.
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For example, the difference in retentions caused the PEC
cost in Batch 2 to be reduced by $0.66 per post. The retail
price in the south-west of WA of a similar size CCA-
treated pine post is approximately $6.90 (based on
purchasing a bundle of posts), which is double the cost of
a PEC-treated post and five times that of a HTC-treated
post. Transport, plant, labour and posts (if not readily
available to the land owner) would be additional costs.

When PEC is used to treat posts by the hot and cold
bath process or cold soaking, simple agitation equipment
is required to maintain a homogeneous emulsion. This
equipment is not expensive and could be economical for
land owners treating fence posts. The agitation equipment
could be constructed by attaching a shaft and propellor to
an electric motor, with a voltage regulator used to provide
a variable stirring speed. Similar low cost equipment has
been built by CSIRO Division of Forest Products to stir
small volumes of PEC used in experimental trials.
Because the cost of PEC is an estimated 50 per cent higher
than the cost of HTC, and 35 per cent more PEC is
nccessary to get an cquivalent HTC retention, this makes
PEC-treated posls expensive.

Emulsified creosote (EC), is similar to PEC except it
has no pigment, and is principally used for brush-on
applications for poles in ground-line maintenance
operations. EC could be used as a remedial treatment for
treated posts at significantly less cost (Hawkins personal
communication). Commercial potential could be realized
if PEC or EC were manufactured in Western Australia. At
present, the indications are that commercially trcated
copper-chrome-arsenic (CCA)-treated pine posts are
competitive, and preservative penetration would be better.

Durability In-service

Regular assessments, every one to two years for the first
five years, then every three to five years, will indicate the
performance of the posts in-service at the Bussclton
property. This will give a comparison between posts
treated with PEC and HTC. The overall post condition,
whether it is still serviceable and the reason/s for any post
failures will be recorded. Assessments will be carried out
by manually pushing each post, with the assessor
maintaining a uniform loading. A close inspection of the
posts below ground-line, after scraping away the soil, will
indicate the presence of any fungal or inscct attack. Any
damage to the exposed section of the post from weathering
or mechanical means will also be recorded.

Conclusions

Fence posts cut from Tasmanian blue gum trees can be
effectively treated with HTC by the hot and cold bath
process for the butts, and cold soaking the crowns, to
retentions suitable for use in ground contact. PEC can
sediment when heated and when left standing for long
periods without agitation, and under these conditions
would be unsuitable for land owners treating posts by the
hot and cold bath process or cold soaking. PEC requires
shearing or simple agitation for this application either
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during or after the treatment. This trial indicated a need to
purchase or make up simple agitation equipment to
maintain a homogeneous emuision. The requirement for
agitation and the additional cost of PEC indicates that
PEC-ireated posts will not be as practical and competitive
as posts treated with HTC by the hot and cold bath
process. Regular assessments of posts treated with either
PEC or HTC will indicate the performance in-service.
Posts are in-service at a property in Busselton District, and
regular inspections will be made, as explained.
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APPENDIX 1

Schedules for Ireating the butl seclions for Balches |1 and 2 {trealed

wilh PEC) ond Batch 3 (Ireated with HTC) are listed below.

BATCH 1 (PEC)
TREATMENT TEMPERATURE *C) TIME th)
Hol eycle 29-5S .5
81 1.5
90 0.75
Hold o1 90°C for 2 b Q0 it
515
Cold cycle 85 1.0
lovernight coal) 72 215
40 14.0
32 40
21.5
First retreaiment 32.61 2.0
Hot cycle 82 13
89 0.5
93 1.0
Hold ot 93°C for 1 h 93 1.0
6.0
Cold cycle G3-48 14.5
{overnight coolt
Second telreatmen! 82.= @3 15
Hat cycle 73 0.5
80 0.5
0 148
96 0.5
Hold ot 96°C ter 1 h Q6 1.0
5.0
Cold oycle 99 -9 S
{overmighl cool) 45 155
17.0
BATCH 2 [PEC)
TREATMENT TEMPERATURE {°C) TIME {h}
Hol cycle 50 - 60 Jhids
79 1.0
89 05
Q9 0S5
Hold at 99°C for | h 99 e
4.0
Cold cycle 99-92 @'s
fovernight cool) 89 10
41\ 16.0
12.5
First retreatmen) 37 - 59 1.5
Hot cycle 96 2.0
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TREATMENT TEMPERATURE (°C} TIME {h)
Hold at 94°C for 2 h Q6 24
5.5
Cold cycle Q6 - 88 2.0
* (2 days] 40 160
14 480
66.0
Secend retrealment 13-64 o)
Hot cycle 77 1.0
86 0.5
Q0 6.5
o8 10
Hold at 98°C for 1 h 98 1.0
7.5
Cold cycle 98- 3 16.5
{overnight cool)

*  longer cold cycle was used as posts wete cooled in the Ireatmenl

drum over a weekend.

BATCH 3 {HTC)
TREATMENT TEMPERATURE (°C} TIME [h)
Hol cycle 73-96 20
103 0.5
107 0.5
Hold a1 107°Cfor 1 h 107 1.0
4.0
Cold cycle 107 - 83 145
lovemight cool) 62 2.0
27 13.5
170
Firsi refreatment 27 -89 2.5
Hot cycle 95 1.0
106 1.0
Hold o 106°C for 3 h 106 10
2.9
Cold cycle 106 - 94 1.5
{overnight cooll 58 3.5
24 160
21.0
Second retreatment 29-90 a8
Hol cycle 113 2.0
Hald al 113°Cfer 2 h 113 20
Z35
Cold cycle 113-16 516
* (2 days|

»

drum over o weekend.

Longer cold cycle was used os posts were cooled in the treatment
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Growth of young Eucalyptus globulus in plantations after
manual defoliation simulating insect herbivory

'Science and Information Division, Department of Conservation and Land
Management, Australia [[ Drive, Crawley 6007, Westem Australia,

*Science and Information Division, Deparument of Conservation and Land
Management, Research Centre, Como 6152, Western Australia,

ABSTRACT

The impact of three levels of manual defoliation in spring,
summer or autumn on growth of young plants of
Eucalyptus globtifus Labill. was studied over one year. No
extraordinary mortality owing to defoliation treatments
resulted. Fifty per cent defoliation in autumn significantly
reduced initial height growth, unlike SO per cent
defoliation in spring or stminer. One hundred per cent
defoliation in any season significantly reduced height
growth. Basal area growth remained significantly reduced
in September 1992 after 100 per cent defoliation in the
previous spring or autumn.

These findings indicate that single 50 per cent or less
defoliations of E. globulus by insects should be tolerable
in spring or summer, but not in autumn, and that 100 per
cent defoliation is unacceptable at any time,

INTRODUCTION

The Western Australian Department of Conservation and
Land Management (CALM) has initiated plantings of
Fucalyptus globulus Labill. in excess of 6000 ha
throughout the south-west of Western Australia (WA)
(CALM 1992). Most of the planted area is on cleared
farmland or water catchments, established and managed
under sharecropping arrangements between the landholder
and CALM.

Defoliating insects are an unpredictable risk to yields
from eucalypt plantations. Since 1988, 10 species of insect
have been recorded as damaging £. globulus plantings in
WA (Abbott 1993). Knowliedge of the intensity and
duration of defoliation effects on tree growth is important
because insects are capable of inflicting severe defoliation
at any stage of canopy development, and rotation times for
E. globulus are intended to be short (10-15 years, Shea and
Bartle 1988).

IAN ABBOTT' anp ALLAN WILLS?

A field trial was cstablished to assess growth and
recovery responses of £. globulus saplings to different
amounts of manual defoliation applied over the course of
the first year of growth. Treatments applied in this trial
were intended to emulate the gross effects of defoliators
such as spring beetles (Scarabaeidae), grasshoppers
(Phaulacridium vittatum, Chortoicetes terminifera) and
autumn gum moth (Mnesampela privata). We addressed
three questions:

(1) Does defoliation affect height and diameter growth
in young E. globulus?

(2) Does the season of defoliation affect growth
responses to defoliation?

{3) Do growth responses to defoliation persist?

METHODS

Location of Sites

Three stands of E. globulus were chosen from July 1991
plantings in south-west WA. Site 1 is located 7 km north
of Jarrahdale townsite (32°15'S, 116°04' E) with an
average annual rainfall (AAR) of ¢. 1100 mm. Site 2 is
located 33 km east-south-east of Collie townsite (33°28' S,
116°28' E) with an AAR of ¢. 650 mm, while site 3 is
located 20 km north-north-west of Darkan townsite
(33°13' S, 116°38' E) and has an AAR of c¢. 600 mm. Each
site was ripped prior to planting and site 1 was mounded
to 30 cm prior to planting.

Experimental Design

Treatments were factorial combinations of three levels of
defoliation (0 per cent, 50 per cent, and 100 per cent)
applied once to each plant at one of three times
(September 1991, December 1991 or March 1992).
Control plants were not defoliated (i.e. O per cent
treatment) and 100 per cent defoliation was achieved by
removing ali the leaves from the plant crown. The
September 1991 50 per cent defoliation treatment was
achieved by removing half the number of [eaves evenly
distributed from the crown. The 50 per cent defoliations in
December and March resulted from removing the
estimated topmost 50 per cent of leaf biomass from the
crown.
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Plants at each site were allocated a treatment at the
outset of the trial and all plants except those defoliated in
September 1991 were monitored before the application of
treatments. Each treatment combination was allocated to
five plants at each site resulting in 2 maximum of five
control plants per site. Plants that died before application
of treatment were not re-allocated replacements.

Variables Measured

The stem length of each plant was measured during the
second or third week of September 1991, December 1991,
March 1992, May 1992 and September 1992. Diameter
over bark at 30 cm stem height was recorded from March
1992 onwards. The presence of folivores and any damage
to plants werc also noted.

Growth rate was calculated as increase in height or
basal area in a specified period.

RESULTS
Mortality of Plants

Defoliation did not increase plant mortality (Table 1). No
combination of amount and month of defoliation resulted
in mortality significantly different from the control
treatment (Fisher’s exact tests, o = 0.05). Only 7 of 87
defoliated plants died after defoliation. Four of 45 control
plants died (Table I),

TABLE 1

Numbers of plants dead or alive after freaiment al the
termination of measurements for each combination of
amount of defoliotion and month of defoliation.

STATUS  INTENSITY AND MONTH OF DEFOUATION
50% 100% Conlrol
Sept Dec Mar  Sept Dec Mar
Deod 1 0 0 3 3 0 4
Alive 14 14 14 12 12 14 41

Timing and Amount o f Defoliation

The amount and timing of defoliation and their interaction
had significant initial efficcts on growth rates (Fig. 1).
Mean height growth rates for all defoliated treatments
were severely retarded compared with controls, and the
amount of retardation of growth increment increased as the
amount of defoliation increased (Fig. ). Defoliation in
March 1992 resulted in more severe initial retardation in
height growth than defoliation in September or December
because intact plants had faster growth rates in the March
to May period than in the September to December and
December to March periods. This probably reflected the
above average rainfall at all three sites in February 1992
(Jarrahdale: 127 mm [actual] vs 15 mm [long term average
for February]; Collie: 24 vs 15 mm; Darkan: 31 vs

15 mm).
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figure . Effect of month and amount of defoliation on
height growth rates (mean £ SIv) of young Yucalyptus
globulus during the initial measurement period,
approximately 3 months afler defoliation.

Although the March to May measurement period, a
period of rapid growth, was one month shorter than the
other two initial measurement periods, this may not have
contributed greatly to the much increased growth rate for
controls. A longer measurement period should have
reduced the measured growth rate of control plants only
slightly (see Fig. 2C).

Persistence of Effects

Mean heights of completely defoliated plants remained
significantly shorter than for intact plants at the
termination of measurements (Fig. 2). Differences between
intact and 50 per cent defoliated plants were only detected
as significant for the March 1992 defoliation (Fig. 2C).

Effects on Stem Basal Area

Effects of defoliation on basal area growth were similar to
the effects on height growth. Mean stem basal areas
measured in September 1992 were smallcr for defoliated
plants than for intact plants (Fig. 3), although only
September and March 100 per cent defoliated plants were
significantly smaller.

Effects of Uncontrolled Background
Defoliation

In September 1992 minor defoliation of a few trees by
larvae of autumn gum moth (Mnesampela privata) was
noted at site 2 and damage by parrots to stem tips was
noted at site 3. Bluegum psyllids (Ctenarytaina eucalypti)
were abundant at all three sites in September 1991 and
1992 but were unlikely to have interfered with the
treatment efficcts.
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Figure 2. Height growth (mean + SE) of Eucalyptus
globulus planted July 1991.

DISCUSSION

It would have been preferable to investigate effects on
growth of defoliation by using defoliation caused by
specific insect leaf chewers compared with controls where
chewers were excluded-(e.g. Elliott et a/. 1993), rather
than simulated herbivory. This is because plant growth
responses often indicate sensitivity to differences between
simulated and actual defoliation, even when fidclity to the
mechanism of natural defoliation is rigorously attempted
(Baldwin 1990). Nevertheless, each of these leaf chewer
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Figure 3. Basal area (mean + SE), measured in September
1992, of Eucalyptus globulus planted in July 1991.

groups is capable of substantial or complete defoliation of
affected plants when pest populations are great.

Eucalyptus globulus shows evidence of considerable
ability to compensate for single defoliation intensities as
targe as 50 per cent. This robustness is shared with several
other eucalypt species, namely £. regnans (Candy ef al.
1992) and E. grandis (Carne et al. 1974) but not with
E. marginata (Abbott et al. 1993) or E. delegatensis
(Mazanec 1966). Defoliations >90 per cent by contrast
always have large effects on growth (Mazanec 1967;
Carne er al. 1974; Candy et a/. 1992; Abbott et al. 1993).

The sensitivity of £ globulus to 50 per cent defoliation
in autumn accords with observations made on two species
of eucalypt in eastern Australia. Cremer (1973) observed
that survival of £. regrnans and E. delegatensis after total
defotiation in late summer or autumn was tower than when
defoliation was in spring. A late summer ‘light’ defoliation
of E. delegatensis also had large impact on growth
(Mazanec 1968). A single late summer defoliation of
66 per cent reduced height growth of £. regnans (relative
to the control) compared with early summer defoliation of
the same intensity, though the difference is not significant
(Candy et al. 1992).

It appears that growth of eucalypts during spring and
summer depletes starch reserves (Mazanec 1967; Cremer
1973). Defoliaticn in autumn prevents a tree from
restorinig its depleted starch to the ievel that would sustain
rcfoliation (Bamber and Humphreys 1965), and this has a
large impact on height and diameter growth.

Defoliation by insects is usually instdious, often
involving partial consumption of leaves or particular plant
tissue, unlike the instantaneous treatments of whole leaf
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removal applied here. For example, eggs of autumn gum
moth (AGM) hatch in south-west WA soon after the first
substantial autumn (April or May) rainfall and larvae
commence skeletonizing juvenile foliage of affected

L. globulus. By mid winter (July) larvae are large enough
to remove laminae of leaves leaving only the mid-vein.
Small trees up to 1-year-old may be completely defoliated
by early spring (early Scptember) if oviposition were
dense and enough larvae survive. However, buds and the
stem apex are not usually affected, resulting in a broomed
appearance to severely affected trees as new leaves are
produced. Progressive defoliation culminating in complete
defoliation would have more severe and longer lasting
cffect on growth than a single complete defoliation, as
indicated by Candy ef al. (1992). Interpreting the results
from the September defoliation (Fig. 2A) in the context of
the time course of defoliation by AGM implies that even
partial defoliation by AGM could have significant lasting
effiects on growth.

Removal of foliage from the upper crown did not
appear to suppress growth more than diffuse removal of
foliage (Fig. 1). However, disbudding with defoliation can
severely suppress extension growth (Cremer 1972; Candy
et al, 1992). Candy et af. (1992) found almost a year after
trcatment that disbudding and 50 per cent defoliation had a
suppressive effect about three times that of just 58 per cent
defoliation. Disbudding effects were not investigated in the
current trial, although spring beetles and grasshoppers
tend to be most active during spring and target expanding
leaves and buds. The single 100 per cent December
defoliation treatment is likely to underestimate the effects
of severe disbudding and defoliation by spring beetles and
grasshoppers.

Growth loss and death of trees from single large
defoliations were surprisingly small. However, our
experiment did not address the impact of frequency of
defoliation on growth of £. globulus. If E. globulux
behaves similarly to £. marginata, more frequent
defoliations of low intensity should reduce growth more
than less frequent defoliations of higher intensity (Abbott
ef al. 1993). The concern of plantation managers should
therefore be directed at the more severe consequences of
regular, small defolations. This is why £ globulus
plantations and timberbelts in WA require regutar
monitoring of pest inscct densities. This will allow more
informed usage of chemicals for protecting the wood
resource from the effects of insect outbreaks and will
direct the attention of managers to the vulnerability of
partially defoliated trees to further damage.

ACKNOWLEDGEMENTS

We thank T. Burbidge and P. Van Heurck for conducting
most of the field work, M. Williams for statistical advice,
J. Bartle, P. Christensen, J. McGrath and S. Penfold for
comments on the manuscript, and M. Gerrard,

R. & M. South, and the Western Australian Water
Authority for access to properties and trees.

132

CALMScience

REFERENCES

Abbott, 1. (1993). [nscct pest problems of eucalypt
plantations in Australia, 6: Western Australia. Ausiralian
Forestry 56, 381-384.

Abbott, [, Van Heurck, . and Burbidge, T. (1993). Impact
of frequency and intensity of defoliation on growth of
jarrah (Excalypits marginata): an experimental study with
saplings. FForest Ecology and Management 56, 175-183.

Baldwin, 1. T. (1990). Herbivory simulations in ecological
research. TREF §, 91-93.

Bamber, R. K. and Humphreys, F. R. (1965). Variations in
sapwood starch levels in some Australian forest species.
Australian Foresiry 29, 15-23.

CALM (1992). Western Australian Department of
Conservation and Land Management Annual Report
1991-1992. Como.

Candy, S. G, Elliott, H. J., Bashford, R. and Greener, A.
(1992). Modelling the impact of defoliation by the leaf
beetle, Chrysophtharta bimaculata (Coleoptera:
Chrysomelidae), on height growth of Fucalyptus regnans.
Forest Ecology and Management 54, 69-87.

Carne, P. B., Greaves, R. T. G. and Mclnnes, R, S. (1974).
Insect damage to plantation-grown cucalypts in north
coastal New South Wales, with particular reference to
christmas beetles {(Colcoptera: Scarabaidae). Journal of
the Australian Entomolegical Society 13, 189-206.

Cremer, K.W. (1972). Effects of partial defoliation and
disbudding on height growth of Encalyptus regnans
saplings. Australian IForest Research 6(1), 41-42,

Cremer, K. W. (1973). Ability of Lucalyptus regnans and
associated evergreen hardwoods to recover from cutting or
complete defoliation in different scasons. Austratian
Forest Rescarch6(2),9-22.

Elliott, H.J., Bashford, R. and Greener, A. (1993). Effects
of defoliation by the leaf beetle, Chrysophtharta
bimaculata, on growth of Eucalyptus regnans plantations
in Tasmania, Australian Forestry 56, 22-26.

Mazanec, Z. (1966). The effiect of defoliation by
Didymuria violescens (Phasmatidac) on the growth of
alpine ash. Australian Forestry 30, 125-130.

Mazanec, Z. {1967). Mortality and diameter growth in
mountain ash defoliated by phasmatids. Australian
Forestry 31,221-223.

Mazanec, Z. (1968). Influence of defoliation by the
phasmatid Didymuria violescens on seasonal diameter
growth and the pattern of growth rings in alpine ash.
Australian Forestry 32, 3-14.

Shea, S. and Bartle, J. (1988). The potential for major
reforestation of south Western Australia. Landscope 3 (3),
3-14.



CALMScience 2(2). 133-140 (1996)

Prescribed burning of thinning slash in regrowth:
stands of karm (Fucalyptus diversicolor) - an
operational trial using helicopter ignition

Science and Information Division, Department of Conservation and Land
Management, Research Centire, Manjimup 6258, Western Australia,

ABSTRACT

This paper reports on an operational trial that was
undertaken to evaluate the use of a helicopter-mounted
incendiary machine for igniting thinning slash fuel in a
regrowth stand of karri. Twenty hectares of commercially
thinned 24-year-old regrowth were bumnt according o a
prescription developed from a prior experimental study.
The burning prescription specified a moderately dry
surface litter layer, a moist litter profile (>90 per cent
moisture content), light winds, mild air temperatures
(<25°C) and moderate relative humidity (>43 per cent).
Fuel moisture contents were within the prescribed range
during the burn but air temperatures were up to 7°C higher
than prescribed and the Soil Dryness Index was above the
recommended upper limit. Most thinning slash fuel

<25 mm diameter and about half the litter foad was
consumed, leaving an average toading of unbumnt litter
residuic of 11.4 t ha. Fire-caused stem damage affected
78 stems ha” of retained crop trees while 212 stems ha!
remained undamaged; the basal arca of undamaged trees
was 14,2 m*ha’, Overall, the objectives set for fire
behaviour, fuel consumption and tree damage were
achieved, thereby validating the prescribed burning
guidetines developed from the earlier study. The triai
clearly demonstrated the effectiveness and flexibility of a
helicopter for igniting prescribed fires in thinned regrowth
stands.

INTRODUCTION

Thinning of even-aged regrowth stands is an important
element of silvicultural practicc in the tall open eucakypt
forests of south-gastern and south-western Australlia
(Bradshaw 1985; Goodwin 1990; Kerruish and Rawlins
1991). By concentrating growth on selected trees,
thinning provides a means of increasing sawlog yields
from young, even-aged siands while at the same time
salvaging a considerable volume of wood that wouid
otherwise be lost to competition-induced mortality. In
multiple use karri ( Eucalyptis diversicolor) forests in

W.L McCAW, R.H. SMITH anp J.E. NEAL

south-west Western Australia (WA), commercial thinning
of regenerated stands may be undertaken once stand top
height exceeds 30 m (Bradshaw 1992). For most stands
this represents an age of 20 to 30 years, depending on site
index (Rayner 1991).

As is the case for all fire-prone forests, effective fire
protection is an essential prerequisite for sustained yield
managesment of forests in south-west WA, Strategic buffer
zones within the south-west forests are subject to
rotational fuel reduction burning to minimize the threat to
life, property and forest values from large, uncontrolled
fires. Logging and regeneration activities are directed to
adjacent arcas of forest from which fire is temporarily
excluded, with the expectation that prescribed burning will
progressively be reintroduced to regrowth stands as they
develop to a fire-tolerant stage. Delay in the
reintroduction of prescribed burning to regrowth stands
will affect the schedule of harvesting in adjacent mature
forest and therefore has the potential to disrupt sawlog
supply to the timber industry. Accordingly, the
development of prescribed burning techniques applicable
to regrowth stands, both thinned and unthinned, is a high
priority for research.

Following regeneration, fire is routinely excluded from
regrowth stands for at least 15 years to ailow the dominant
and codominant trees to attain the height and bark
thickness necessary to tolerate low intensity fire without
damage to crowns or stems. Some regrowth stands are
burnt prior to first thinning to reduce accumulated litter
and woody fuel (McCaw 1986), but currently most stands
remain unburnt until after first thinning. Thinning
operations coniribute additional dead fuel from the crowns
and stems of felled trees and understorey shrubs, much of
it remaining as elevated fuel in heaps. Consequently, dead
fuel loadings in thinned stands are substantial and may
amount to 76 t ha' of material <100 mm diameter
(McCaw er al. unpublished manuscript). The more open
canopy of thinned stands atlows increased sunlight and
wind penetration into the stand with the result that fuels
may be suffictently dry to carry fire between October and
April each year. In contrast, the fire season in unthinned
stands is considerably shorter and only extends from
December to March in most years (McCaw, unpublished
data).

In 1991 the Western Australian Department of
Conservation and Land Management commenced a study
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to examine the feasibility of prescribed burning following
thinning of even-aged karri stands. Fire characteristics,
fuel consumption and tree damage were investigated by
conducting small scale (<2 ha) experimental fires over a
range of conditions, and the resuits of this study used to
develop guidelines for prescribed burning (McCaw ¢t of.
unpublished manuscript). Changes in fuel nitrogen
storage as a result of burning were examined in
conjunction with the experimental fires (O’Connell and
McCaw unpublished manuscript). In forest fire
management, there is a need to validate the findings of
detailed experimental studies at an operational scale where
variation in terrain and stand conditions can influence the
outcome of aperations. The method and pattern of ignition
can also have a profound influence on the behaviour of
prescribed fires. The difficult ground conditions typical of
regrowth karri stands generally preclude safe and efficient
use of manual lighting crews, except along tracks and
where walking lanes have been constructed. For this
reason, implementation of prescribed burning on an
operational scale will necessitate the use of acrial ignition
techniques. Even-aged regrowth stands suitable for
thinning tend to be dispersed through the forest in
relatively small compartments, as logging coupes in karri
forest types have seldom cxcceded 100-150 ha in arca.
Helicopters offer great flexibility in lighting pattern and
can be used more effectively on small or irregularly
shaped compartments than is the casc [or {ixed-wing
aircraft. This paper reports on an operatienal trial that was
undertaken to evaluate the use of a helicepter-mounted
ignition system for prescribed burning of karri thinning
slash, according to the guidelines developed from the prior
experimental study.

METHODS
Study Area

Prescribed burning was undertaken in a 20 ha stand of
thinned, even-aged karri regrowth in Boorara 13
compartment (34° 42' S 116° 16' E), about 15 km south-
east of Northcliffe, WA. This stand was sitviculturally
regenerated from seed trees follewing harvesting and high
intensity slash burning in 1969, and had subsequently been
protected frem fire up until the time of prescribed burning
in November 1993. During early 1992 the stand was
commercially thinned using a tree harvester to remove
uncompetitive and poorly-formed trees; wood products
removed during thinning included small sawlogs and
chipwood down to a small end diameter of 75 mm.
Retained trees were mostly dominants and codominants,
with occasional veteran trees of large diameter (>2 m
diameter at breast height over bark - d.b.h.o.b.}) scattered
among the regrowth. Stand top height in 1992 was 31 m,
corresponding to a site index (Rayner 1991) of 46 m at age
50 years. The stand was situated on a broad ridge with
average slopes of about 10° and maximum slopes of 28°.
Elevation ranged between 60 m and 100 m above sea level
(Fig. 1}.
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Figure 1. Map showing elevation contours and the layout of
burning cells within the stand at Baorara 13

Prescription for Burning

Wealtlier and fuel motsture conditions prescribed for
burning at Boorara 13 were based on the results of
experimental fires conducted in a comparable thinned
stand at Boorara 2 (Table 1), and are summarized in

Table 2. The essential features of the burn prescription
were: a modcrately dry surface litler layer to ensure good
ignition and fire spread between slash heaps; a moist litter
profile and low Soil Dryness Index! (SDI) (Mount 1972;
Burrows 1987) te limit the consumption of deep litter beds
and woody fuel >25 min diameter; light winds; and mild
air temperalure and relative humidity conditions to
minimize the extent of crown scorch to retained trees in
the stand. Burning under thesc conditions was expected to
consume a high proportion (>80 per cent) of woody fuel
<25 mm diameter and up to 60 per cent of the litter load.
Results from the experimental study indicated that some
firc-caused damage to retained trees was likely to occur
cven during tow intensity fires, but net affecting more than
about 80 stems per ha (stems ha').

TABIE |

Stand characteristics for thinned karri regrowth al
Boorara 13 (this study) and at Boorara 2 where the burning
prescriptian was developed.

CHARACTERISTIC BOORARA 13 BOORARA 2
Site index {age 50}im) 46 48
Year of regencration 1969 1969
Age when bumi {years) 24 22
Stocking refoined {slems ha'] 328 B37
Basal areo retained [m?ha'!) 20.8 195
Mean lree d.b.h.o.b. [cm) 27 26

The SDI repiesents the amounl of minfolt required to bring the swoil back to
2 sowrgled condition al field copaciy, which far mas1 sails is aboul

200 mn of available maisiure. In this paper SDI volues ore expressed in
millmetres of meisture for consislency wilh Sl uaiis. For use in fire control in
Western Auslralio the SO is reulinely ex | in millimetres x10.
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TABLE 2

Prescribed and actual conditions for burning thinning
slash ot Boorara 13 on 23 and 24 November 1993,

VARIABLE PRESCRIBED ACTUAL
23 NOV 24 NOQV
(1700 h) {1200 hj (1330 h)
Air temperalure [°C) 2025 2 29 32
Relative humidity (%] 6045 65 43 34
Inforest wind speed (km h'] <28 <1 2.9 2.9
Wind direction SE SE w WNW
Fuel moisture conlent (%}
suiface liter 12-18 ridge 12 ridge 14
I'slope 17 I'slope 19 {Al
-profile litter >80 ridge 133 ridge 98 -
I'slope 97 lslope 113
Soil Dryness Index [mm} <40 65 68

{A] Fuel moisture content not sampled ot 1330 hours.

Data Collection

In preparation for prescribed burning the stand was
divided into five cells, each about 4 ha in area, separated
by bulldozed mineral earth tracks. Stand and fuct
characteristics prior to burning were assessed during
August 1992 on transects established in each of the burn
cells. Sample points were marked at 10 m intervals along
transects and d.b.h.o.b. of trees within a 5 m radius of each
point measured to the nearest centimetre. Trees were
numbered to permit relocation following burning. The
location and dimensions of existing stem wounds where
the cambium had been damaged were recorded for 348
trees. Logs and other woody debris >20 cm diameter
within 2 m of trees were noted. Fuel characteristics in
thinned regrowth have previously been described in detail
by McCaw et al. (unpublished manuscript). As the
rcsources available for field work were limited, fuel
assessment was confined to measuring the average depth
of thinning slash within a 5 m radius of each sample point,
to the nearest 0.2 m, using a calibrated height pole.
Ignition took place over two days (see below). During
this time air temperature and relative humidity were
recorded with an aspirated hygrometer at intervals of | to
2 hours. A sensitive cup anemometer was used to measure
the average in-forest wind speed (at 1.5 m height above
ground) over these same intervals. Samples of dead leaves
and twigs <6 mm in diameter from the uppermost 10 mm
of the litter layer (referred to subsequently as surface
litter), and of the entire litter profile above mineral soil
were collected from ridge and lower slope positions within
the stand on both days. On each occasion three samples
(each 30-50 g oven dry weight) were collected, sealed in
air-tight tins and subsequently oven dried in the Jaboratory
to determine moisture content. A representative SDI for
the study site was calculated using rainfall and air
temperature data from Northcliffe with a canopy

interception function for mature open karri forest and an
appropriate evapotranspiration table from Burrows (1987).
Experienced observers recorded fire behaviour
characteristics during the burn, including forward rates of
spread and flame heights.

The helicopter used during lighting operations was a
Beli Jet-Ranger which carried a crew of three (pilot,
navigator, and incendiary machine operator). Incendiary
capsules were of the ‘ping-pong ball’ type and were
deployed from an incendiary machine mounted within the
helicopter cabin.

Two months after prescribed burning, the extent of fuel
consumption at each sample point was assessed visually
according to the following rating system:

Litter fuel - partially burnt, with litter residue
remaining
- completely burnt, with mineral soil

exposed

- thinning slash <25 mm diameter
mostly unburnt (Low)

- thinning slash <25 mm diameter
partially consumed (Moderate)
- thinning slash >25 mm diameter
substantially consumed (High)

Thinning slash

Where present, unburnt litter residue was collected
from a 0.04 m? quadrat and later oven dried to determine
loading in t ha'. During the same assessment, the height
of crown scorch (m) and proportion of crown volume
scorched (none, <50 per cent, >50 per cent) at each sample
point wiere estimated visualty.

Eleven months after burning, all numbered trees were
re-examined and the location and dimensions of additional
fire-caused wounds recorded. Where necessary, dead bark
was removed with an axe to expose the full extent of dead
cambium on the stem.
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RESULTS

Fuel Characteristics and Burning Conditions

Fuels within the thinned stand consisted of leaflitter on
the forest floor, a layer of elevated thinning slash and
crushed understorey scrub, and old log debysis left behind
fromthe recgeneration cutof 1969, McCaw et al.
(unpublished manuscript) reporsted that the mean loading
of dead fuel <50 mm diameter overbark in 22-year-old
thinned karri regrowth was 62.8 t ha'!, comprising

23.4 t ha' of litter, 8 ¢ ha™' of bark and wood <6 mm,
13.6 t ha' of wood 6-25 mm and 17.8 t ha' of wood
25-50 mm. Live understorey shrubs were not a significant
component of the fucl loadings al Boorara 13 or at the
stand described by McCaw ef al. (unpublished
manuscript).

Fuel assessment undertaken at the site indicated that
about 80 per cent of the ground area was occupicd by
thinning stash fuel, with the remainder occupied by litter
bed fuel or exposed soil on extraction tracks. The fucl bed
was <0.2 m deep ever half the site, and <0.6 m decp over
75 per cent of the site (Fig. 2). The maximum depth of
thinning slash encountered during sampling was 1.5 m.

In the three weeks prior te burning rainfall was
recorded at Northeliffe on § November (10.5 mm) and
16 November (3.5 mm). Prescribed burning was
conducted over two days, cemmencing late in the
afterneon of 23 November 1993 and continuing the
fellowing day. Weather and fuel moisture conditions on
23 November were within the range prescribed for each
variable, except for the SDI which at 65 mm exceeded the
prescribed upper limit of 40 mm (Table 2). Conditions had
been suitable for lighting operations throughout the day
but the helicopter was not available earlier becausc it was
engaged in prescribed burning operations elsewhere.
Following its arrival at 1700 hours (Western Standard
Time) the helicopter dropped incendiary capsules in a grid
paltern at an approximate spacing of 30 m x 30 m across
the northern third of the stand in the area above the 100 m
clevation contour (Fig. 1). Overnight, an area of about
6 ha on the ridge and upper slopes was burnt by low

50
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Figure 2. Frequency histogram shewing &epth of thinning
slash fuel at 136 sample points prior to burning. Bata frem
all five cells have been pooled.
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intensity fire with mean flame heights 0of 0.5 to 0.7 m, and
spread rates in the range 12-20 m h-.

On 24 November air temperature at the site exceeded
the forecast maximum of 28°C and minimum relative
humidity fel! below the forecast minimum of 39 per cent,
and together with the SDI were outside the prescribed
range (Table 2). Conditions were hotter and drier than
expected owing to the influence of a low pressure trough
which dirccted dry northerly winds from the interior of
WA over the lower south-west of the State. Wind speed
and direction were as forecast, with observed wind speeds
only marginally above the prescribed range. The decision
to continue lighting operations took account of the fact
that profile litter moisture content samples taken on the
previous day were within the prescribed range and the
litter profile would not have dried appreciably overnight.
Test fires lit during the morning of 24 November exhibited
appropriately mild fire behaviour, consistent with that
prescribed. As on the previous afternoon surface litter
samptes collected from the ridge were substantialty drier
than those from the lower slope (Tabie 2); however, in the
case of profiic litter samples the difference between the
moisture content of samples from the ridge and lower
stope was not consistent from one day to the next,
reflecting the considerable variability in the dryness of the
litter profile. From 1200-1220 hours the helicopter lit
along the conteur about 20 m downslope from the edge of
the area that had burnt-out overnight, placing incendiarics
at intervals of 50-70 m. Most incendiary capsules
succesfully ignited the thinning stash fuel, and the
resulting fires tended to deveiop an clongated elliptical
shape owing to the dilferent rates of spread up and down
the stope. Flames were typically 8.7-1 m high, but flared
up to about 3 m in heaped slash on the edge of the central
access track, probably because of the greater exposure of
the fine fuels in this areato sunlight and wind. Flames
were also prone te flaring in shoots from stump coppice,
particularly in Celi 5 which had been thinned some
months before the remainder of the area and as a result
was densely stocked with coppice shoots up to 3 m tall.
Further lighting was undertaken from the helicopter
between 1420-1430 hours to fill in several gaps in the
ignition pattern, afler which it departed from the site.
Fires continued to spread throughout the afternoon untif
the compartment was largely burnt-out by 1800 hours.

Post-fire assessment indicated that 94 per cent of the
area had been burnt, with most of the unburnt area
concentrated in one patch at the bottom of the easterly
facing slope. Of the points that had been burnt, 85 per
cent retained a layer of litter residue (Fig. 3a), with the
average residue loading being 11.4 t ha''. The highest
proportion of area burnt to mineral soil (28 per cent,

Fig. 3a) and the lowest residue loading (8.5 t ha') were in
Cell 3 which was located on the top of the ridge. Slash
consumption was rated as moderate (most slash <25 mm
diameter consumed) over about 70 per ccnt of the area,
with consumption rated as low over most of the remainder
(Fig. 3b). Consumption of slash did, however, vary
between cells, being greatest in Cell 3 and least in Cell 5.
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Figure 3. Histograms showing the proportion of sample points
Jrom individual cells and the whole site allocated to different
fuel consumption rating classes for (a) litter fuel and (b)
thinning slash fuel.

Stand Characteristics and Tree Damage

Following thinning, the stand had an average stocking of
328 stems ha’ and a basal area (b.a.) of 20.8 m*’ha* (Table 1).
Most trees were 20-40 cm d.b.h.o.b. (Fig. 4), with mean tree
diameter being 27 cm. Stem damage caused by the thinning
operation affected 38 stems ha (equivalent to a b.a. of
2.4 m?ha’), with most wounds between 0.01 m? and 0.1 m?
in area and none exceeding 0.5 m? in area (Fig. 5).
Following prescribed burning, crown scorch heights were
less than about 15 m over 76 per cent of the burnt area, with
the result that the canopy remained unscorched. Twelve per
cent of the area experienced scorch to <50 per cent of crown
volume, while the remaining 12 per cent of the area was
scorched to >50 per cent of crown volume with
corresponding scorch heights in excess of 25 m. Crown
scorch was concentrated in Cells 3 and 5, and only
occasional trees in the other cells were scorched. Eleven
months after burning, fire-caused stem wounds were recorded
on trees that had no damage prior to burning, as well as on
trees that had been damaged during the thinning operation.
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Figure 4. Stocking of trees >10 cm d.b.h.o.b. in 10 cm
diameter classes (n = 348).
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Damage type
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Figure 5. Stocking (stems ha) of irees exhibiting stem
damage, including only thinning-caused wounds (Thin), only
Sire-caused wounds (Fire), both thinning and fire-caused
wounds (Th & Fi), and wounds associated with superfictal
bark scraping (Scrape). Data from all cells have been
pooled, and columns show the frequency of damaged trees by
wound-area class.

About 40 stems ha' (b.a. = 2.2 m?ha™) of previously
unaffected trees were damaged by burning, and

19 stems ha' (b.a. = 1.1 m?ha) of trees already damaged
by thinning developed additional wounds as a result

of burning (Fig. 5). A further category of damage was
recognized for trees that had experienced superficial
scraping of the bark on the lower stem during thinning,
and which subsequently developed cambial wounds
directly beneath the bark scrapes; trees in this category
represented a further 16 stems ha' (b.a. = 0.8 m*ha™).
Fire-caused wounds were most frequently 0.01-0.1 m? in
area, but some exceeded 0.5 m? in area and extended for
several metres up the stem. On average only 4 stems ha"!
(b.a. <0. 1 m*ha™') of sample trees had died 11 months
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after burning. Tn burnt areas of the stand the residual
stocking of trees without any stem damage from either
thinning or fire was 182 stems ha', representing a basal
area of 11.9 m?ha'. In addition, a further 30 stems ha'
{b.a. =2.3 m?ha') remaincd unburnt and were therefore
not subject to any fire damage. The incidence of fire-
caused stem damage, including mortality and wounds
associated with superficial bark scraping, was found to be
significantly greater (p <0.01) on trees that were within

I mofold log debris than for trees that were 1-2 m from
debris (Table 3). Thirty-eight per cent of trees that were
within 1 m of log debris were damaged by fire, compared
with only 22 per cent of trees that were further than [ m
but less than 2 m from logs.

TABLE 3

Incidence of fire-caused slem damage and morlality for
trees > 10 cm d.b.h.o.b. wilh dd log debris <1 m and
1-2 i trom Ihe stem,

No. TREES

log disiance Undamaged  Damaged  Tolal (2 o
[rom stem

<l m a9 30 VA 4

1-2m 184 53 237

All 233 83 Jié 667 <001
DISCUSSION

Fuel accumulation in regrowth karri stands is principally
determined by the age of the stand and the nature of the
shrub understorey, and o a lesser extent by stand density
{McCaw, unpublished data). Although pre-burmn fuel was
not assessed quantitatively at Boorara 13, the similarily of
this stand to the stand at Boorara 2 where the experimental
study was conducted makes it reasonable to assume that
fuel loading and structure were comparable. Based on this
assumption it is estimated that about half the litter loading
was consumed during prescribed bumning at Boorara 13.
This is within the range of litter consumption reported for
similar burning conditions by McCaw er af. (unpublished
manuscript). Consumption of siash fuel during prescribed
burning at Boorara 13 was not assessed guantitatively,

The results of this study should therefore be regarded as
providing a general indicalion of lhe exient of damage to
retained trees that may be expecied from prescribed
buming. However, the Lype, amount and condition of fuets
may vary from one thinned stand to another, with the
result that levels of tree damage following prescribed
burnieg may also vary.

An importaat factor that may have influenced the
outcome of this trial was the extent to witich actual
burning conditions matched those that were prescribed.
Actual burning conditions differed from those prescribed
in two main factors: air temperature and SDI. Air
temperatures on 24 November were up to 7°C higher than
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prescribed, but despite this the moisture content of the
surface litter remained within the recommended range
throughout the morning. Surface litter fuels probably
dried to below 12 per cent moisture content during the
latter part of the afternoon, however, tost of the area had
burnt out by this time. Diurnal fluctuations in air
temperature arc unlikely to have had a significant effect on
the dryness of the titter profile and woody components of
the thinning slash fuel as these are influenced more by
longer-term scasonal conditions, particularly ratnfali. The
relatively high air temperatures on 24 November may have
centributed to elevated levels of crown scorch (Chency et
al. 1992), but overall only a small proportion of the stand
(12 per cent) was scorched to an extent that would have
adversely affected tree growth,

The SDI is used in WA forests to reflect the dryness of
soils, deep ferest titter, logs and living vegetation.
Burrows (1987) demonstrated strong corrclations between
the SODI and the moisture content of cucalypt logs in
different situations (on-ground; clevated) and in difterent
conditions (freshly cut; cured). The lact that the SDI at the
time of the operational trial was higher than during most of
the experimental fires at Boorara 2 may have contributed
to increased combustion of old log debris and larger
diamcter components (>25 mm) of the thinning slash fuel.
One consequence of increased fucl consumption could be
an increased {requency of fire-caused damage to retained
trecs, The incidence of lire-caused damage to trees al
Boorara [3 was in fact only slighlly greater than at
Boserara 2 (78 and 70 stems ha' respectively), and both
stands retained a similar stocking and basal area of
undamaged trees (212 stems ha' and 14.2 m*ha' at
Boorara 13; 214 stems ha' and 13.4 m?ha' all Boerara 2).
Damage b trees within | m of old log debris occurred
with similar frequency in the two slands (38 per cent at
Boorara 13; 43 per cent at Boorara 2). Howewver, in view
of the high value of young regrowth stands for future
timber production it is recommended that the upper SDI
limit for burning of thinning slash remain at 40 mm until
the relationship between SDI, fuel consumption and
subscquent tree damage has been more thoroughly
investipated.

The thinning prescription for karri regrowth stands of
30 m top height specifies retention of 16 m*ha” basal area
of potential crop trees exhibiting desirable form and
spacing. Results from bolh the experimental study at
Boorara 2 and the operational irial at Boorara [3 indicate
that if stands are burnt following thinning it is likely that
less than 16 m*ha' of crop trees will remain undamaged,
Stem damage may predispose trees to decay and insect
attack, resulting in loss of merchantable wood volume
(McCaw 1983; Perry ez af. 1985). Predictionr of volume
loss from stem wounds over the period of a rotation is
complex, and depends on a number of factors including
the location and extent of wounding, the rate of
development and severity of degrade resulting from
wolnds, the length of time for which trees are retained,
and the eventual utilization of the siem (McCaw |983;
White and Kile 1991). The option exists to remove
damaged trees in subsequent thinnings, but a better
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understanding of wood degrade processes in karri is
required to accurately predict the impact of damage on the
volume and quality of wood products that may be
produced from later thinnings, or at the time of final
felling.

Variation in topography and aspect of the stand
influenced fuel dryness and fire behaviour, and hence fuel
consumption and crown scorch. Surface litter was
consistently drier on the ridge than on lower slopes, while
profile litter moisture content cxhibited substantial
variability in both topographic situations. The only
substantial area of unburnt fuel occurrred on 2 lower slope
with an easterly aspect; this tends to be a characteristically
moist aspect in the karri forest. The extent of crown
scorch in Cell 3 can probably be attributed to the greater
fuel consumption on the ridge, together with the high
ambient temperatures on 24 November when most of this
cell was burnt. In the case of Cell S, which was at lower
elevation and on a generally southerly aspect, the extent of
crown scorch was probably reclated to the presence of a
dense stratum of stump coppice which tended to increase
flame heights, rather than to the dryness of the fuel.

The contour lighting pattern employed at Boorara 13
was generally successful in achieving satisfactory fire
behaviour and fuel consumption throughout most of the
stand. The helicopter-mounted ignition system proved
well suited to the task, providing a high level of accuracy
in the placement of incendiary capsules and the
manoeuvrability necessary for following the complex
boundary of the compartment. Having several nearby
stands available for burning on the one day would assist in
reducing unit costs for helicopter ignition by maximizing
the amount of lighting that could be undertaken while
burning conditions were suitable.

CONCLUSION

The operational trial at Boorara 13 demonstrated that
guidelines for prescribed burning of thinning slash i karri
regrowth stands developed from a prior experimental study
could be effiectively implemented at an operational scale
using a helicopter-mounted ignition system. Despite
considerable variation in topography and aspect within the
20 ha study area, the crowns of retained crop trees
remained unscorched over about three quarters of the burnt
area, and only a few small patches remained completety
unburnt. About a quarter of the retained trees in burnt
areas of the stand suffered damage to the stem which may
subscquently lead to wood degrade. The rate of
development and ultimate extent of such degrade needs to
be further investigated so that silvicultural costs and
benefits of burning thinning slash can be properly
evaluated. Factors critical to the success of operational
prescribed burning in thinned stands include selection of
appropriate conditions for burning, and careful planning
and cxecution of lighting operations.
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Effects of fuel reduction burning on fire behaviour and
suppression difficulty of an intense wildfire in jarrah
(Eucalyptus marginata) forest - a case study

Science and Information Division, Department of Conservation and Land
Management, Research Cenire, Manjimup 6258, Western Austratia.

ABSTRACT

This paper presents a case study of fire behaviour and
suppression difficuity for an intense wildfire which burnt
under conditions of Very High fire danger in jarrah
(Eucalyptus mar ginata) forest fuels of different ages.
During a two-hour period following ignition the fire
travelled a distance of 1250 m, with an average forward
rate of sprcad of 625 m h™and fireline intensity of

4400 kW m™ in nine-year-old fuel. The rate of spread and
intensity of the headfire declined substantially after the fire
encountered an arca of forest in which fuel loads had been
reduced by low intensity prescribed fire one year
previously, and which also contained some patches of
two-year-old fuel. Fuel loading, litter depth and cover, and
understorey shrub height and cover were much lower in
the recently fuef-reduced forest than in the forest carrying
nine-year-old fuels. Despitc continued adverse fire
weather conditions the fire did not spread extensively in
the low fuel area and was therefore readily suppressed,
having burnt only 47 ha. Had the fire continued to spread
in nine-year-old fuels the area burnt is projected to have
increased to 135 ha after a further 2.5 hours. Much of this
additional area would probably have burnt at fire
intensities sufficient to fully scorch the forest canopy.
Wildfire case studies such as this can contribute to an
understanding of the circumstances under which

fuel reduction burning is effective in limiting the spread
and intensity of wildfires.

INTRODUCTION

Fuel reduction burning has been used extensively as a fire
management tool in the multiple-use State forests of
south-west Western Australia for several decades. The
principal objective of fuel reduction burning is to limit the
intensity of unplanned fires, thus reducing the difficulty of
suppression and the level of physical damage to the forest.
Open forests of jarrah (Eucalyptus marginata) and marri
(E. calophylla) arc typically burnt on a five- to eight-year
rotation to keep fine fuel loadings below about 8 t ha™!
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{McCaw and Burrows 1989). The frequency of prescribed
fire in particular areas of the forest varies according to fuel
accumuiation rates and management objectives.

The extent to which fuel reduction burning programs
may assist in the suppression of unplanned fires depends
on the interaction of a number of factors including the
level of fuel reduction achieved, the rate at which fuels
re-accumulate, the location and extent of fuel-reduced
areas within the forest, and the suppression capability and
speed of response of agencies and volunteer fire brigades
responsible for fire management. In addition, the severity
of fire weather conditions prevailing at the time when a
wildfire encounters a fuel-reduced area is important in
determining the effect on fire behaviour. Seasonal
cenditions, in particuiar the dryness of deep litter beds,
togs, and living vegetation may also affiect fire behaviour
and difficulty of suppression. Experimental study of these
factors is complex and costly, and for this rcason the
contribution of fuel reduction to fire suppression has
generaily been illustrated by means of case studies of
wildfires (e.g. McArthur 1962; McArthur er al. 1966;
Billing 1981; Geddes and Pfeiffer 1981; Rawson 1983;
Underwood er af. 1985; McCaw ez al 1993). Despite
their descriptive nature and lack of replication, well-
documented case studies have an important role as a
source of research data and as training aids (Alexander
and Lanoville 1987).

On 8 January 1993 a wildfire was deliberately lit by an
arsonist in open jarrah forest at [llawarra forest block,

25 km north of Jarrahdale (116°05°E 32°20’S), Western
Australia. Weather conditions at the time were typical of
mid-summer, with high air temperature, low relative
humidity and a steady breeze. The fire completed most of
its run up-slope through nine-year-old jarrah forest fuels,
then subsequently crossed a road into similar forest that
had been fuel-reduced by low intensity prescribed fire one
year previously, and which also contained some areas of
two-year-old fuel. This paper describes the weather
conditions and fuel characteristics associated with the fire,
and examines the contribution of these factors to the fire’s
behaviour. The particular circumstances of this fire
provided the opportunity to compare fire behaviour in two
different fuel ages and to evaluate the effcctiveness of the
recently fuel-reduced area in restricting further spread of
the fire.
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METHODS
Study Area

tllawarra forest block is located at the interface between
the outer eastern limit of Perth’s urban development and
the extensive tracts of State forest managed for multiple
use by the Western Australian Department of Conservation
and Land Management (CALM). Areas of forested land
adjoining the State forest are managed by the Western
Australitan Water Corporation. Adjacent privately-owned
lands have been developed as orchards, hobby farms,
recreation camps and residential subdivisions. Some of
the privately-owned land is still predominantly forested.
[llawarra block extends northwards from the deeply

incised valley of the Canning River onto undulating
lateritic uplands with occasional granite outcrops. Local
refief ranges from 100-300 m above sea level and the
terrain is steep along the valley of the river and its tributary
strecams. The forest type in which the fire burnt was an
uncven-aged stand of jarrah/marri which included
saplings, poles and occasional veteran trecs; height classes
for each stratum were <15 m, 15-19 m, and 20-26 m
respectively. The base of the forest canopy was about
10 m above ground level.

The fire started in forest which had last been burnt by
a summer wildfire in 1977, and completed its main run
through forest last burnt in spring 1983 during a low
intensity fuel reduction burn (Fig. 1). Tlhe forest on the
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Figure 1. (A) Map showing elevation (in m), land tenure, and fuel ages within publicly-owned native forest; (B) map showing
roads mentioned in the text, the ignition point of the fire at 1427 hours, the actual perimeter of the fire at 1630 hours and the
projected perimeter of the fire at 1900 hours had the forest on the eastern side of Gardner Road carried ninc-year-old fuel.
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eastern side of Gardner Road had been burat by low
intensity fire in spring 1991 to reduce fuel loads, although
a narrow zone (<100 m wide) immediately east of the road
also contained patches of two-year-old fuel. The
two-year-old fuel dated from edge burning operations
undertaken during spring 1990 to secure the area prior to
the broadscale aeriaily-ignited fuel reduction burn of
spring 1991. For convenience, throughout the remainder
of this paper fuels in the area burnt in spring 1983 are
referred to as nine-year-old and those east of Gardner
Road as two-year-old.

Data Collection and Analysis

Details of the development and behaviour of the fire were
obtained from records held at the Jarrahdale CALM office
and from interviews with personnel involved in the
suppression operations.

Three weeks after the fire, fuels were sampled in an
unburnt area of the nine-year-old fuel adjacent to the fire
perimeter, and in an unburnt section of the fuel-reduced
area on the eastern side of Gardner Road. Within each
area, litter and shrubs were harvested from ten | m?
quadrats [ocated at 5 m intervals along a transect, and the
depth of the litter bed, and the height and projected cover
of the dominant shrub species in each quadrat were
recorded. In this paper the term litter refers to the layer of
fresh and partly decomposed dead leaves and fine twigs
(<6 mm diameter) on the forest floor. The proportions of
bare and litter-covered ground were determined from
50 point-intercept samples in each fue! age. Fuel samples
were oven dried at 105°C, sorted into litter, dead shrubs
<6 mm and live shrubs <4 mm, and weighed to determine
loadings in t ha'. The 4 mm diameter limit was used for
live shrub fuel because fires in jarrah forest rarety
consume live fuel above this size (Burrows 1994).

Drought, fuel moisture and fire danger indices for
8 January 1993 were calculated using air temperature,
relative humidity, wind speed and rainfall data from the
CALM office at Jarrahdale, which was considered to be
the recording centre most representative of the location
where the fire occurred. Wind speeds at Jarrahdale were
recorded in a clearing with an anemometer mounted
approximately 10 m above ground. Drought conditions
were described using the Soil Dryness Index (SDI)
(Mount 1972; Burrows 1987) which indicates the amount
of rainfall required to bring the soil back to a saturated
condition at field capacity. This represents about 200 mm
of available moisture for most soils. For consistency with
S1 units, SDI values in this paper are expressed in
millimetres of moisture, but for operational use in Western
Australia the SDI is routincly expressed in units of
millimetres x10. The Forest Fire Behaviour Tables for
Western Australia (FFBT) (Sneeuwjagt and Peet 1985)
were used to predict the surface moisture content (SMC)
of jarrah forest litter and the forward rate of spread
(FROS) of the fire. The FROS prediction was based on the
fuel load measured in the unburnt nine-year-old fuel arca
adjacent to the fire perimeter, and the average slope
measured along the path of the headfire. Slope effect was

McCaw ef al., Effects of fuel reduction burning on fire behaviour

accounted for using McArthur’s (1967) correction factors.
The wind spced used to calculate the FROS can be varied
according to the density of the forest canopy and the
topographic position of the stand for which the prediction
is being made. This is accomplished within the FFBT by
the use of wind ratios which represent the ratio of wind
speed at 15 m above cancpy to wind speed in the forest at
1.5 m above ground. A wind ratio of 5:1 is used as the
standard for determining the level of fire danger in jarrah
forest. To examine the sensitivity of FROS predictions for
8 January to variation in wind speed inputs, FROS values
were calculated for wind ratios of 5:1, 4:1 and 3:1 with
SMC, fuel load and slope held constant. Periodic values
of the Forest Fire Danger Index (FFDI) were determined
from the Mark S Forest Fire Danger Meter (FFDM)
(McArthur 1967, 1973) using the equations derived by
Noble et al. (1980) with a drought factor of 10. Forward
rate of spread, flame height and the distance that spot fires
may ignite ahead of the main fire front (spotting distance)
were predicted for burning conditions at 1500 hours. Fire
intensities (Byram 1959) were calculated for each fuel age
using the observed headfire rate of spread, fine fuel load,
and a low heat of combustion of 18 700 kJ kg''. Field
observations indicated that almost all fine fuel had been
consumed.

The pattern of crewn scorch resulting from the fire was
mapped from low oblique colour air photographs taken
three weeks after the fire.

RESULTS

Fuel characteristics

Fine fucls were composed predominantly of leaf litter,
with only minor components of dead and live shrub
foliage (Table 1). Loadings of litter and total fine fuel
were respectively 12 t ha' and 13.6 t ha' for the
nine-year-old fuels, and 5.1 tha' and 5.8 t ha' for the
two-year-old fuels. The litter bed in the nine-year-old
fuel averaged 13 mm in depth and covered 98 per cent of
the ground surface while corresponding values in the
two-year-old fuel were 8 mm depth and 76 per cent cover.
Jarrah sheds a proportion of its leaves annually between
December and March (Hatch 1955) and at the time of the
fire the litter layer would have consisted of leaves recently
shed from the forest canopy as weil as litter that had been
in situ for one or more winters.

Understorey shrub composition was relatively uniform
across the study area with Bossiaea ornata, Hibbertia
hypericoides, Macrozamia riedlei and Xanthorrhoea
preissii being common dominant species. Mean shrub
height and projected cover in the nine-year-old fuel were
more than twice that of the younger fuel (Table 1). Dead
shrub foliage comprised only a small proportion of total
fuel load in either the nine-year-old fuel or the recently
fuel-reduced area (two-year-old fuel). Differences in
understorey structure and the cover of the litter layer in the
two fuel ages are clearly illustrated in Figure 2.

In the recently fuel-reduced area the bark on most trees
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TABLE 1

Choracteristics of twoyearold and nineyear-old fuels ot
llowerra block determined from harvesting of ten 1 m?
quadrals in each fuel age orea. Standard errors of the
mean are shown in parentheses.

VARIABLE FUEL AGE
TWOYEAR-QLD NINE-YEAR-OLD
Fuel load {1 ha''}
liner 5.110.6) 12.0[1.5)
dead shiub foliage <6 mm 0.1 0.1} 0.310.1)
live shrub foliage <4 mm 0.6{0.2) 1.3{0.3)
tolal fine fuel 5.8 13.6
Lier depth {mm) 81{1) 13(2)
litter cover (%) 76 Q8
Shrub height {m) 0.410.1) 1.010.3)
Shrub cover (%) 18 40

()

was uniformly charred for a distance of 1-2 m above
ground level. Some limited bark charring was also still
evident on the lower stems of trees in unburnt areas of
nine-year-eld fuel.

Burning Conditions

The fire occurred during the afternoon of 8 January 1993,
Drought conditions were typical of early summer with an
SDI of 148, which is about 80 per cent of the maximum
value reached at Jarrahdale in most years. Burning
conditions at Jarrahdale peaked at around 1500 hours
{Western Standard Time) with an air temperature of 35°C,
relative humidity of 16 per cent, and south-westerly winds
at 10 km h'' (Table 2). The Forest Fire Danger Index
remained at 28-29 (Very High) throughout the period of
the main fire run, increasing wind speeds compensating
for the declining temperature and rising humidity. The
rate of spread predicted by the McArthur FFDM was

590 m W', with a corresponding mean flame height of

9 m and spotting distance of 1800 m. The FFBT predicted

Figure 2. Photographs taken in January 1993 showing (a) two-year-old and (b) nine-year-old fuels in the vicinity of the

wildfire at Hlawarra block.
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TABLE 2
Wegther conditions for the period 0900-1900 hours on
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8 January 1993 recorded ot Jorrahdale CAIM office. McArthur
Forest Fire Danger Indices are shown for three times at which

wind speeds were recorded.

TIME AR RELATIVE VWIND VWD FOREST
TEMPERATURE HUMIDITY SPEED DIRECTION FIRE
DANGER
INDEX
(*C) (%} {km b)

0900 29 39

1000 32 35

1100 34 27

1200 36 22 .

1300 35 17 10 SW 28 {VERY HIGH)

1400 35 16 . -

1500 35 16 10 SwW 29 (VERY HIGH)

1600 34 17 : :

1700 33 19 16 SW 28 {VERY HIGH)

1800 30 24 . -

1900 25 36

a minimum SMC for jarrah forest litter of 3 per cent at
1500 hours with FROS values of 367 m h”! (Extreme),
259 m bt (Extreme) and 194 m h*' (Very High) for wind
ratios of 3:1, 4:1 and 5:1 respectively.

Fire Origin and Development

The fire (Jarrahdale Fire No. 24) was initially detected at
1427 hours by a CALM aircraft on a routine fire detection
flight and appeared to have been deliberately lit at a single
point about 160 m south-west of Croydon Read (Fig. 1).
The fire rapidly spread upslope on a south-westerly aspect
exposed to the prevailing winds and spotted across
Croydon Road with only a temporary decline in intensity.
Most of the forest south of the road was fully crown
scorched, indicating that the fire had rapidly escalated in
intensity following ignition.

The headfire spread in a north-easterly direction,
arriving at a point about 50 m south of the intersection of
Gardner and Convine Roads at 1630 hourss; this
observation is accurate to within about § minutes. Slope
was 9° over the initial 250 m of the fire’s run, but averaged
3¢ over the entire distance travetled from the ignition point
to Gardner Road. In the two-hour period following
ignition the fire travelled a distance of 1250 m with an
average forward spread rate of 625 m h. The
corresponding fire intensity for the average rate of headfire
spread in the nine-year-old fuels was 4400 kW m'. Aerial
photographs of the burnt area revealed a pattern of
concentric clliptical zones of fire-defoliated forest canopy
which coincided with the path taken by the headfire, while
the remainder of the area burnt by the flanks of the fire
was fully crown scorched. This suggests that the fire

spread as a series of pulses rather than at a uniform rate,

Firebrands were blown across Gardner Road which,
including the bitumen roadway and gravel edges, is about
20 m in total width. These ignited a series of spot-fires in
the recently fuel-reduced area on the eastern side of the
road about 100 m north-east of the point where the
headfire encountered Gardner Road (Fig. 1). Firebrands
may have been biown considerably further downwind but
were not effective in propagating the fire. Aerial
inspection of the fire at 1800 hours revealed that the fire
had declined markedly in intensity and had not extended
more than about 150 m cast of Gardner Road. Within the
recently fuel-reduced area the rate of spread of the fire had
declined to less than 100 m h' and flame heights were
mostly less than 2 m, consistent with fire intensities in the
range 300-500 kW m'. The forest canopy was fully
scorched in a narrow zone up to 100 m wide along the
eastern side of Gardner Road, owing largety to heat
generated by the fire in the nine-year-old fuels on the
western side of the road. Bark on most of the trees in this
area was charred up $o the full height of the stem and
along the major branches.

Suppression Action

The general control objective for the fire was to protect life
and property and to minimize the area burnt. The fire
crossed Croydon Road before CALM fire tankers

(3700 L capacity) were in attendance. As the intensity of
the headfire in the nine-year-otd fuels was too high for
safe and effective direct attack, suppression forces were
instead depioyed along Convine Road to prevent the fire
from spreading northwards into adjacent private property
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which contained several houses and sheds surrounded by
sparse pasture fuels. The headfire and eastern flank of the
fire were left to spread unchecked into the recently fuel-
reduced area on the eastern side of Gardner Road with the
expectation that the rate of spread and intensity of the firc
would rapidiy diminish in the young fuels. By about

1700 hours the fire had been stopped atong Convine Road
and suppression forces were diverted to contain the
western edge of the fire which continued to burn in nine-
year-old fuels. Operations to contain the fire on the castern
side of Gardner Road commenced at about | 800 hours and
the firc was readily suppressed in the young fuels.

To provide an indication of how the fire may have
developed had the fuels on the castern side of Gardner
Road been of the same age and leading as those in which
the main fire run tock place the FEBT was used te project
the growth of the fire from its actual perimeter at
1630 hours over the subsequent 2.5 hour period to
1900 hours. This projection assumed that the fire
maintained an elliptical shape, and that the SMC remained
at 4 per cent and the wind speed at {2 km k. Fuel
loading was held constant at t4 t ha' and slope at 3°.

A wind ratio of 3:1 was used because this ratio had
provided the closest agrecment between the predicted and
observed rate of spread in the preceeding period
(1430-1630 hours). The projection indicated thal the
headiire would have travelled a further 768 m between
1630 and 1900 hours, increasing the fire perimeter from
3.0 km to 5.2 km, and the burni area from 47 ha to 135 ha.

DISCUSSION

The behaviour of this firc clearly illustrates that relatively
narrow fuel breaks such as rural roads <20 m wide are
insufficient to contain the spread of fires in jarral forest
when the fire danger is Very High or Extreme. Gardner
Road provided sufficient break in the continuity of the
fuels to temporarily halt the run of the headfire, but was
not wide enough to prevent firebrands from being blown
across from the main firc and igniting the fuels on the
eastern side of the road. The effectiveness of roads and
other fuel breaks (e.g. rock outcrops, dunes, lakes) as
barriers to firc spread depends on their width, the type of
fuel in which the fire is burning, and the scverity of lhe
burning conditions (Wilson 1988). Fires in eucalypt
forests are renowned for their ability to propagate by
means of spot-fires started ahead of the main fire front and
this characteristic may negate the effect of fuel breaks
even at relatively low levels of fire danger, particularly
wlere trees carry large accumulations of fibrous
stringybark or loose ribbons of smooth bark which can act
as firebrands (Luke and McArthur 1978; Wilson 1992a).
Rotational fuel reduction burning, in addition to limiting
the accumulation of litter and understerey shrub fuels, also
typically removes loose, fibrous bark from the bottom few
metres of stems thereby reducing the quantity of bark fucl
which may contribute to flame extension up the stem and
which is available for the generation of firebrands.
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Observed spotting distances were substantially less than
predicted by the McArthur FFDM, and a possible
explanation for this is that the amount of loose, fibrous
bark on the stems of trees in the nine-ycar-old fuel area
was still limited as a result of prescribed burning in spring
1983. Accumulation of fibrous bark on jarrah and marri
stems becomes noticeably greater in stands from which
fire has been excluded for 15 years or more {McCaw,
unpublished data). Better understanding of the
relationships between bark characteristics, fircbrand
generation, and spotting would allow the effiect of fuel
reduction burning on bark fuel hazard to be objectively
assessed. This should be a priority for future fire research.

The failure ef the spot-fires which ignited in the
recently fuel-reduced arca on the castern side of Gardner
Road to develop rapidly into a new headfire can be
attributed to the lower fuel loading and the different
structure of the fuel bed. Fuel load is a dircct determinant
of fire intensity (Byram 1959) and has also been shown to
affect the forward spread rate of fires in cucalypt forests in
some circumstances (McArihur 1962; Peet 1971). Other
fue! characteristics that may also affiect fire spread include
litter depth and cover, and the height and density of
understorey shrubs (Pcet 1971; Cheney e¢f af 1992). All
of these characteristics were substantially reduced in the
two-ycar-old fuel. In order to properly interpret the results
of fire behavieur experiments and wildfire case studies it
is essential that the structure and condition of fuels be
adequately described and quantified (McCaw 1991). [n
addition to fine fuel load, criteria such as understorey
scrub flammability and bark characteristics have been
employed in the assessment of bushfire hazard in some
eucalypt forest types (Snceuwjagt 19715, 1973; Wilson
1992a, 1992b).

The severity of burning conditions has a profound
influence on the effectiveness of fuel-reduced arcas in
moderating fire behaviour. McCaw e al. (1993) reporied
that three-year-old jarrah forest fuels were capable of
supporting a high intensity crown fire (estimated peak
intensity 17 400 kW m™') during conditions of Extreme fire
danger, but suggested that the young fuels did diminish the
potential for long distance spotting and facilitate rapid
containment once the weather conditions moderated.
Most case studies (Billing 1981; Underwood ef al. 1985;
Grant and Wouters 1993) illustrating the contribution of
fuel reduction burning to wildfire suppression in cucatypt
forests relate to fuels less than three-years-old. More
extensive docuimentation of wildfire behaviour in older
fucls is desirable, as fuels 4-8 years old are widespread in
multiple-use forests in Western Australia. Such
investigations would help te determine the longevity of the
suppression benefits of fuel reduction burning, and
improve the understanding of the relationship between the
age of forest fuels and the resulting level of fire damage 1o
the forest.

The period between 1630 hours and 900 hours was of
critical importance to suppression action against the fire.
Fire danger remained Very High for most of this period
and the intensity of the headfire in nine-year-old fuels



would have been too great to allow safe and effective
direct attack on the fire front. A fire intensity of
2000 kW m™ is considered the upper timit for effective
direct attack with tankers and bulldozers (Loane and
Gould 1985). Had the forest on the eastern side of
Gardner Road not been subject to fuel reduction, and
instead also carried nine-year-old fuel, the area of forest
burnt at high intensity is likely to have more than doubled,
necessitating deployment of additional suppression forces
and delaying the eventual containment of the fire.
Accurate prediction of fire behaviour depends on site
specific information on fuel, weather and terrain
conditions, as well as on the existence of a robust fire
spread model (McCaw ez al. 1993). Fuel and slope data
were available for the site, and temperature and relative
humidity could be approximated by rccordings for
Jarrahdale. [t is reasonable to assume that litter moisture
content remained constant at 4 per cent between
1630 hours and 1900 hours in view of the relatively
constant weather conditions and the characteristically
slow moisture uptake of eucalypt titter during the
afternoon (Luke and McArthur 1978; McCaw unpublished
data). There is, however, some uncertainty as to whether
the wind speeds recorded at Jarrahdale were representative
of the winds experienced on the fire ground. The complex
terrain assoctated with the Canning River valley tends to
affiect wind patterns, causing winds in the general vicinity
of the fire occurrence to be stronger than at Jarrahdale
(Ross Mead, personal communication). In vicw of the
uncertainty over actual wind speeds at the fire, the
performance of either the FFBT or the FFDM in predicting
fire spread rate cannot be adequately assessed from this
study.

CONCLUSION

Observations of fire behaviour from this study
demonstrated that a narrow fuel break such as a rural road
<20 m wide was not effcctive in preventing the spread of
fire under conditions of Very IHigh fire danger, when
firebrands were thrown some distance ahead of the main
fire front. However, spot-fires ignited by firebrands were
slow to develop in two-year-old fuels, despite continued
adverse fire weather conditions. Fuel loading, litter depth
and cover, and the height and cover of the understorey
shrub layer were substantially less in the recently fuel-
reduced area than in the ninc-year-old fuels where the
main fire run occurred. Reduction in the amount of loose
hark on the stems of trees is likely to be an important
consequence of prescribed burning. The effect of bark
reduction on fire behaviour, and in particular on the
generation of firebrands, is a subject worthy of further
investigation.
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Secondary poisoning of foxes following a routine 1080
rabbit-baiting campaign in the Western Australian

wheatbelt

Science and Information Division, Depattment of Conscrvation and Land
Management, Western Australian Wildlife Research Centre, P@ Box 51,
Wanneroo 6065, Wesiern Australia,

ABSTRACT

There is circumstantial evidence that foxes (Viulpes vulpes)
feeding on rabbits (Orycrolagus cuniculus) poisoned with
sodium monofluoroacetate (1080 poison) die from
secondary poisening. A rabbit-poisoning campaign that
occurred during a fox research study provided direct
evidence to support the above view.

INTRODUCTION

In Western Australia (WA) 1880 was widely used by the
Agriculture Protection Board (APB) to conirol populations
of rabbits (Orpetofagics cuniculizs) on farms, Typically, a
bait trail of ‘One Shot” 1080 oats (Gooding and Harrison
1964) was laid so as to intercept rabbits en 7ouie to their
foraging areas. This method has been shown to be an
efficient and effective method of control (Oliver et af.
1982; Robinson and Wheeler 1983).

There is circumstantiai evidence that foxes feeding on
poisoned rabbits die through secondary poisoning
(Christensen 1980a; Mcllroy 1981; King ef al. 1981).
This paper provides direct evidence to support this view.

METHODS
Study Site

Data were collected from an area of 'Watheroo Nationai
Park (450 km?) approximately 200 kr north of Perih in the
northern wheatbelt (30° 14' S, 115" 45' E). Beard (1979)
describes the vegetation as consisting mainly of
undulating scrub-heath with Banksia-Xylomehim ailiance
on yellow sandplain, limited areas of Casuarina thicket on
the lateritic ridges and Encalypus woodland in the
depressions. Records from the WA Herbarium indicate
the absence of 1080-producing Gastrolobium sp.

(S. Patrick personal communication) in the area. The park
is entirely bounded by farmiands and enclosed within the
park is a farming property known as “Warro Springs’.

D. ALGAR anp J.E. KINNEAR

Fox Study

Fifteen adult foxes had been captured and radio-collared in
the north-western area of the park (approximately

100 km?) during the spring of 1988. These foxes were
periodicatly radio-tracked from fixed towers to provide
information on home range and spatial organization,

While radio-tracking between [2 and 16 December
1988 it was observed that three foxes, whose home ranges
were adjacent to the Warro Springs property, had not
moved since the moming of 13 December. To investigate
the possible reasons for lack of movement, these animals
were located on 13 December, using a hand-heid aerial; all
three foxes were dead. Searches of the area were then
conducted to locate any non-collared dead foxes.

Stomach contents were removed from all animals for
laboratory examination; hair was identified as described in
Brunner and Coman (1974). The foxes were not analysed
for 1080 because of the difficulties of detecting small
amounts of residue (D. King personal communication).

Rabbit Poisoning Campaign

On 12 December an APB officer, at the request of the
owner of Warro Springs, had baited an area on the property
witich contained rabbit warrens and most of the farm
boundary with one-shot 1080-poisoned oats. The oats
were laid from a hopper into a furrow cut by a disc blade
along a 6 km transect around the northern half of the farm,

RESULTS

Six non-collared, dead foxes were found on the firebreaks
bordering the Warro Springs property the same day as the
radio-collared foxes were located. An unusuval sight was
found at one site where three juvenile foxes lay dead in
close proximity to each other. Nearby were the remains of
a rabbit that had been aimost entirely devoured, including
the viscera.

All dead foxes, except for one that had died in a den,
dispiayed signs that suggested that they had died from
1080 poisoning. All animais were lying on their side and
the soil around them had been disturbed forming
depressions, created by the sweeping movements of their
limbs during the death throes which is typical of
carnivores poisoned with 1080 (Mcilroy 1981).
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The three poisoned radio-collarcd foxes all contained
rabbit hair in their stomachs as did the six non-collared
foxes cotlected along the firebreak. Searches for other
non-collared foxes were conducted in the surrounding arca
but the density of vegetation prevented any further animals
being found. One other radio-colfared fox that had
occasionally been located around the farm area was
located 2 km north during the rabbit-poisoning campaign.

DISCUSSION

Secondary poisoning of foxes has eccurred following the
1080 rabbit-baiting campaign, causing a significant
decline in their rumbers, Data on carrion-cating animals
found dead after rabbit poisoning campaigns in New South
Wales (NSW) support the findings reported here. Fexes
were the non-target species most frequently found dead
after rabbit-poisoning operations in NSW State Ferest
areas (Mcllroy 1982). Mcllroy and Gifford (1991)
similarly found that fox numbers were reduced by about
75 per cent after a trail-baiting campaign against rabbits
with 1080-treated pellets in NSW.

In controlled secondary poisoning experiments that
simulated field conditions, Marsh ef al. (1987) fed
1080-poisoned ground squircels (Spermophilus beecheyi)
to 15 coyotes (Canis {atrany). Three coyotes weighing
10.2-12.5 kg died after cating a squirrel that had consumed
3 mg of [080 in a bait. Because One-Shot poisoned oats
contains 4.5 mp of 1080 per oat, and since foxes
(ca 4-6 kg) are considerably lighter than coyotes and have
a similar telcrance to 1080 (Ward and Spencer 1947,
Mcliroy and King 1990), a rabbit that had eaten a single
poisoned oat would be lethal to a fox. Mcliroy and
GifTord (1992) calculated that to receive the equivalent of
an LD, dose, foxes need to cat only about one-third of the
muscle or half the liver of one poisoned rabbit. These
amounts represent only [ per cent or 2 per cent,
respectively of their daily intake of food (Mcllroy and
Gifford 1992).

Direct cvidence of secondary poisoning of foxes in this
study further substantiates the arguments of Christensen
(1980a) and King ef af. (1981) that the fox has played a
prime role in a suite of interacting factors leading o recent
faunal declines and extinctions in south-west WA. These
authors were the first to note the inverse relationship
between fox abundance and the amount of 1080 used to
control rabbits in WA. Since the completion of
colonization of south-western Australia by foxes in 1931
(Long 1972), foxes increased in abundance until the mid
1950s when 1080 rabbit-baiting campaigns became
widespread. By the late 1960s, the fox had declined to the
point of rarity in scuth-western Australia (King ef a/.
1981) and in some areas, certain medium-sized marsupial
species became conspicuously abundant (Sampson 1971;
Christensen 1980b).

The use of broadscale 1080 rabbit-baiting campaigns
declined for a considerable period (1970-78) following the
introduction of the European rabbit flea, as widespread
winter epizootics of myxomatosis caused a very high
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mortality in rabbit populations (King et al. 1981).
Secondary poisoning was no longer of significance in
controlling fox numbers and a dramatic increase in fox
numbers was observed in the south-west during the 1970s
(see Fig. 2 in King es al. 1981). Reduction in rabbit
numbers and the increase in fox abundance may have
resulted in increased predation on native species. As a
consequence native species, even in refuge areas, declined
drastically tn numbers and their recovery has only
followed the implementation of fox control programs.
Kinnear ef a/. (1988) and Friend (1990) were able to aid
the recovery of remnant populations of rock-watlabies
(Petrogale {ateralis) and numbats (Myrmecobius fasciatus)
respectively by reducing fox numbers comparable to or in
excess of secondary poisoning following rabbit control
programs.
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A biological survey of Boonanarring Nature Reserve
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ABSTRACT

Boonanarring Nature Reserve (ca 9250 ha) is about 15 km
north of Gingin. It extends castward from the Gingin Scarp
onto the Dandaragan Plateau, near the southern end of the
plateau, It is bounded by the Swan Coastal Plain on the
west. Water reserve A22602 is on the southern boundary
and extends into Boonanarring Nature Reserve. This
reserve was included in the present survey.

The variable surface and underlying geology and
topography are reflected by a mosaic of ten distinct
vegetation associations. The dominant vegetation
associations within the reserve are jarrah and marri
woodlands typical of the south-west (Swan Coastat Plain
and Darling Range) and Banksia woodlands with elements
of the Kwongan heaths of the lower rainfall areas to the
north. Boonanarring Nature Reserve contains the best and
most extensive example of the poorly conserved Banksia
woodlands on Dandaragan soils.

A total of 573 vascular plant taxa, representing 70
families and 223 genera have been recorded on the
reserve. Several large populations of the previously
declared rare Grevillea saccata occur on the reserve and
are the only ones found on conservation rescrves. This find
was instrumental in this species being removed from the
list of declared rare flora. The vegetation mosaics and
ecotones support numerous rare and uncommon plant
species. Seventy-five taxa (13 per cent) of the flora
recorded are of particular interest, including 18 priority
species and at least 47 species recorded at the ends of their
known ranges. As an indication of its richness, the reserve
is known to support 9 Eucalyptus, 11 Banksia and 15
Acacia taxa.

Amongst the animals recorded, the fossorial Black-
striped Snake (Vermiceila calonotos) is of restricted
occurrence and the Carpet Python (Morelia imbricata) is
declared ‘in need of special protection’. Gould's

Long-eared Bat (Nyctophilus gouldi) is at the northern
limit of its range. Five frog species were found. The avian
and reptilian faunas were reasonably diverse (74 and 20
species respectively), but the mammalian fauna was less
diverse than expected (11 native species). Some species
may be absent or severely reduced in number owing to the
frequent burning which has occurred in recent years.
Further survey work, particularty in spring, would be
expected to considerably expand the fauna lists. The
vertebrate fauna is representative of that of the general
area. This fauna is becoming increasingly less common in
the region with the development of the coastal plain and
scarp.

Boonanarring Nature Reserve is a significant reserve,
being rich in flora and vegetation types not present on any
other conservation reserves and being large enough to
provide some protection from degradation owing to edge
effects.

INTRODUCTION

Boonanarring Nature Reserve (A41805) is an area of
about 9250 ha, 15 km north of the town of Gingin (Fig. 1).
The biclogical significance of the area was first assessed
in 1971 (N. McKenzie personal communication) and on
the basis of this asscssment the System Six Report
(Department of Conservation and Environment 1983)
recommended that the then vacant Crown land be
combined with several smaller reserves and an area of
about 400 ha of private land along Gingin Brook, to form
Boonanarring Nature Reserve. Boonanarring ‘C’ class
Nature Reserve was finally gazetted on 9 August 1991,
being vested in the National Parks and Nature
Conservation Authority. Reserve A22602, for water, is on
the southern boundary and extends intc Boonanarring
Nature Reserve.

The area is situated near the southern tip of the
Dandaragan Plateau. The Gingin Scarp, which forms the
western boundary of the Dandaragan Plateau, runs along
the western edge of the study area. The topography of the
reserve is undulating, with some areas of sandpiain and
other areas of exposed laterite, sometimes forming small
breakaways. The study area contains the upper catchment
and sections of Boonanarring Brook, a predominantly dry
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watercourse. The Brook meanders in a south-westerly
direction from the southern part of the reserve (Fig. 2),

The Dandaragan Plateau consists primarily of Tertiary
laterites outcropping in Pleistocene-Recent sands over flat-
lying partly lateritized Cretaceous rocks. These
sedimentary Cretaceous beds contrast with the hard
Precambrian rocks of the Darling Plateau and the deep
Pleistocene sands and alluvial soils of the eastern Swan
Coastal Plain (Wilde and Low 1978).

The climate is Warm Mediterranean with 700 mm
annual precipitation and 5-6 dry months per ycar. Mcan
winter temperature is about 13°C and the mean minimum
temperature for the coldest month is 8°C. Mean summer
temperature is about 23°C and mean maximum
temperature for the hottest month is 32°C. Annual
evaporation is about 1900 mm (Bureau of Meteorology
1968).

Boonanarring Nature Reserve is located within the
Drummond Sub-district of the South-west Botanical
Province (Beard 1980). The vegetation of this area was
first mapped by Beard (1979) at a scale of 1:250 000.
Physiognomy of the dominant vegetation stratum and
surface geology were used to define three major vegetation
components:
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(1) Banksia low woodlands (less than 10 m),

(2) Banksia low woodlands with scattered jarrah
(Eucalyptus marginata) and marri (E. calophylia)
trees, and

(3) E. calophytla woadlands between 10 and 30 m.

The vegelation complexes were also mapped by
I[eddle et al. (1980), again at a scale of 1:250 000, but
based on Havel's {1968, 1975a, b) site-vegctation types
and the landform and soil units defined by Churchward
and McArthur (1980). According to this system, the
Karamal landform/soil unit is predominant within the
reserve, and is described as a gently undulating landscape
dominated by deep, yellow sands with lateritic gravels on
the ridges. Within our study area, lateritic outcrops are
common. The associated vegetation, the Karamal
Complex - South, is described as being dominated by an
open forest of jarrah (Lucalyptus marginata) and marri
(£ calophyila) with a mid-storey of bull banksia (Barksia
grandis). In the north-east of the study area, aeolian
sandplain with some low dunes supports the Cullala
complex of low open forest of Banksia attenuata and
B. menziesii with some B. ilicifolia and [. todtiana. On the
boundary with the Karamal complex there often occurs an
intermediate vegetation type of open marri (or jarrah)
forest with a second storey of Banksia species. The
western edge of the study area consists mainly of red
sandy soils on the gently sloping irregular scarp (Gingin
unit) and deep red and yellow brown sands in the valleys
(Moondah unit). The Gingin vegetation complex on the
scarp is described as an open woodland of . calophytla
with a second storey of B. grandis and Nuyisia floribunda.
in the valleys and slopes is an open woodland of
Lucalyptus species, and on some of the lower slopes there
is a low closed to low open forest of Banksia species with
E. todtiana.

Apart from the broad scale vegetation mapping
referred to above, there appear to be no published
biological data on the Boonanarring Nature Rescrve.
Surveys from nearby areas include observations on the
birds of the Moore River gorge area, 25 km to the north
(Whitlock 1905; Loaring and Serventy 1952), a study of
the fauna of the northern Swan Coastal Plain (How 1978),
the quadrat-based vegetation survey of Moore River to
Jurien Sandplain (Griffin and Keighery 1989), work on fire
effects in Banksia woodland about 10 km to the south-east
at Mooliabeenee (Bamford (985, 1986) and a general
survey of Julimar Forest Block, abeut 40 km to the
south-east on the Darling Plateau (Forests Department
unpublished).

The present survey was undertaken with two aims in
mind. The first was to obtain base-line data on the
assemblages of plants and animals present at selccted sites
in the study area. Such data can be used in quantitative
cemparisons between these and other sites or, with
resampling, comparisons over lime (monitoring)
(McKenzie 1988; McKenzie ef al. 1991). The second aim
was to provide an assessment of the conservation values of
the area as the basis of a management program for the
reserve.
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METHODS

Seven sites (quadrats) were selccted for systematic
sampling for assemblage data in March 1986 (Table 1 and
Fig. 2). These sites were arranged to form a transect from
the foot of the Gingin Scarp in the west, through the
woodlands of the plateau to a dense heath on the castern
boundary, and placed so as to sample some of the major
vegelation types in the study arca. A detailed descriptien
of vegetation at each site is given in Appendix .

TABIE 1

Locations of permanent sampling sites in the Boananarring
Nalure Reserve. {Elevations were eslimaled from the Gingin
1:100 000 map.}

SITE LATITUDE LONGITUDE  ELEVATION [m]
] 11.80% 1155015 140

2 3]1300 1558 145

3 3 1 13°00" 1155105 220

4 248S iS58 1 s® 225

8 3 l 245" 115°52°05" 260

ol 3171240 11575¢ 55" 220

7 31°11'48° 115°52'10 240

Sampling for assemblage data (including live-trapping
for vertebrates) was carried out from 17 to 23 March 1986.
Each site was sampled as exhaustively as possibie for
species of vascular plants, amphibians, reptiles, birds and
mammals. The scarch arca for cach site was an unbounded
quadrat of about 2 ha centred on the trapping lines at that
site. Opportunistic cbservations were made at other times
{mostly in February, July and August $986) and at ether
places in the study arca.

Vegetation at cach site was described using Muir’s
(1977} system of vegetation classificalion. Voucher
specimens were collected for most vascular plant species
and lodged at the Western Australian Herbarium (PERTH),
bul a number of common, widespread species were simply
recorded. Soil substrate type and topography was recorded
for each site. Sites were resampled at several different
times of the year to record annual or inconspicuous plant
species. Opportunistic flora records for the reserve were
made by several collectors. No estimates of species
abundance were made.

Vegcetation mapping was undertaken using
monochrome 1:250 000 (1985) and colour 1:20 000 (1989)
aerial photographs and the 1:50 000 Mindarra SW
topographic map. Geological and soit maps were
consulted to assist in vegetation interpretation. Transition
zones in vegetation types were recorded along all tracks
and fire breaks throughout the reserve and by extensive
ground reconnaissance. Mapping from aerial photographs
was made difficult by the presence of extensive fire scars
of variable age.

Sampling of vertebrates was donc by live-trapping and
systematic searching. Bats were caught in mist nets near
Site $ and at two [ocations to the south of this site. Mist
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nets were run for 9.5 net hours (1 net x 1 hour = 1 net
hour). Small ground-dwelling vertebrates were sampled by
means of pitfall (Sites 1-4, 7) and Elliott traps (Sites 5 and
6). A description of traps and trap layout is provided in
Appendix 2. The total trapping effort was 300 pit trap
nights and 300 Elliott trap nights (1 trap x 1 night =1 trap
night).

Spotlighting from a vehicle was conducted throughout
the reserve on the existing main tracks. Spotlighting effort
totalled five hours.

In order to identify recaptures, small mammals were
marked using alcohol-based celoured marker pens, usuvally
on the base of the tail or under the chin. This proved to be
an effective technique since, in some cases, one
application persisted for the duration of the five-night
trapping period.

Fishes were sampled from the headwaters of
Boonanarring Brook by means of 40 x 25 x 25 cm fraps
with two funnel entrances giving access to a baited pouch.
Traps were baited with dry cat foed (“Ge Cat’). Four traps
were set for a total of cight hours during daylight hours on
15 July 1992,

Identifications in the ficld were done with reference to
a range of guides including Tyler ez . (1984), Storr ef al.
(1981, 1986) and Strahan (1983). Voucher fish, frog,
reptile and mammal spccimens were collected and have
been accessed by the Western Australian Museum.,
Accession numbers (where known) are listed in
Appendix 3.

Samples of heart, liver and kidney tissues were taken
from specimens of Sninthopsis and frozen in liquid
nitrogen for electropherctic analyses. Analyses were run
by the Evolutionary Biology Unit of the South Australian
Muscun. Electrophoretic determinations were used in
conjunction with standard taxonomic procedures to verify
our identifications.

RESULTS

Vegetation

Ten discrete vegetation associations were recognized
within the Boonanarring Nature Reserve (Fig. 3). As
expected, these correlated with soil type, topography and
drainage. Some vegetation types had distinct boundaries
while others represented ccotones, particularly where
Banksia woodland adjoined jarrah forest and heaths. Some
rare or unusual species occurred within these ecotones; for
example Eucalyptus lane-poolei populations occur only
where upland jarrah forest adjoins Banksia woodland.

Woodlands and Forests

There are seven woodland and forest types in the study
area.

The first vegetation type eccurs in vatleys on Moondah
soil and consists of tall forests of Encalyptus calophylia
over open, variable scrub. This vegetation association
flanks most of the slopes running down into Boonanarring
Brook.
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The second vegetation type, open forest or low
woodland of Melaleuca preissiana and Eucalyptus rudis,
is extremely limited in occurrence within the reserve,
being restricted to the watercourses and areas where the
water table is close to the surface (palusplains; see
Semeniuk 1987).

The third vegetation type is {imited to the small areas
of massive, exposed laterite rock breakaways supporting
Fucalyptus wandoo on their western facing slopes.

Banksia woodlands on deep yellow or grey sand are
the second most abundant vegetation type on the reserve,
occurring on the sandier components of all major soil units
present. Understorey components were highly variable,
reflecting substrate depth and type. Two major sub-
associations were identified.

The fourth vegetation type consists of a low open
woedland of Banksia menziesii, B. attenuata and
Eucalyptus todtiana with occasional Nuytsia floribunda
and Banksia ilicifolia in wetter sites, The understorey is
dominaled by Adenanthos cygnorum, often dense scrub to
2 m, This association occurs in the lower landscape on
Cullala soils or as an ecotone at the junction of Cullala
and Karamatl soils.

The fifth vegetation type consists of Banksia attenuata,
B. grandis and Eucalyptus todtiana with occasional
Nuytsia floribunda and a low, variable, often species-rich

understorey. Quadrats 2, 3 and 4 are representative of this
vegetation type on the Moondah soil unit.

Most of the reserve consists of Karamal soils which
support the predominant vegetation type of an open forest
or woodiand of jarrah and marri. This broadscale
association is further defined based on vegetation structure
and floristics, soil type and topography. The sixth
vegetation type occurs on the shallow soils of the gravelly,
lateritic uplands. At these sites jarrah s the dominant tree
with sore marri and occasional Banksia grandis in the
mid-storey. Dryandra sessilis is found in large stands
where soils are very shallow. The shrub layer is
species-rich, denser and smaller than in the surrounding
lower landscape. This represents a typical response of
jarrah forest to soil depth (Havel 1975a). This vegetation
type was recorded at permanent quadrat S.

The seventh vegetation type occurs in the deep yellow
sands in the swales between the laterite uplands. Here, the
jarrah woodland becomes more open and marri is more
abundant, Undcrstorey species and cover vary
considerably. Large patches and mosaics of Petrophile
ericifolia and Melaleuca scabra occur with variations in
soil depth and topography. Where fires have been intense
or frequent the understorey appears depauperate and
Stirlingia latifolia is dominant. This vegetation type was
recorded at permanent Quadrat 7.
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Figure 3. Vegetation unit boundaries within the Boonanarring Nature Reserve
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Heaths

Three major heath associations were recognized. These
occurred in patches throughout the reserve, corresponding
to soil depth and aspect. The first occurs on the western
scarp boundary and on breakaways where shallow, grey
sand {Karamal soil) occurs over massive laterite. [n this
association Dryandra sessilis dominates with varying
amounts of Hakea ruscifolia, Xanthorrhoea preissii over
Stirlingia latifolia, Jacksonia spp., Calytrix spp.,
Leucopogon spp. and Petrophile linearis. The second
heath consists of species-rich, dense heath to 1.5 m on
shallow white to grey sandy soils over gravel, on low rises
within the Cullala soil unit. The species-rich scrub heaths
were highly variable in composition with Alfocasuarina
humilis, Hakea trifurcata and Adenanthos cygnorum
occurring in patches, generally to 1 m with emergent
Nuytsia floribunda and Jacksonia spp. Quadrat 6 provides
a typical example of this vegetation type. The final
vegetation type recognized occurs on rises where sands
are shallow in the Karamal soil unit. This is a very sparse,
low heath with open, tall Lucalyptus calophylia. The
understorey is highly variable but usually dominated by
Dryandra echinata, Hakea lissocarpha, Petrophile
serruriae, Macrozamia riedlei and Bossiaea eriocarpa.
These heaths are unusual because they are generally in the
upper landscape and contain several rarcly recorded plant
species such as Conospermum incurvun:.

Floristics

A total of 573 vascular plant species (from 70 families and
223 genera; see Appendix 4) have been recorded within
the Boonanarring Nature Reserve. Herbs were well
represented within the reserve; for example, Orchidaceae
and Asteraceae were represented by 28 and 27 taxa
respectively. The reserve was relatively free of introduced
species, but included 27 taxa (4.7 per cent) dominated by
members of the families Asteraceae (5) and Poaceae (5).
Given thce relatively large size of the reserve and the
difficulty in traversing it on the ground, further
investigations will undoubtcdly result in additions to the
flora list, although we believe that the majority of
perennial and annual species present were recorded.

Of the total number of families recorded, the
Myrtaceae (63 native species), Proteaceae (58) and
Papilionaceae (44) were dominant, with Epacridaceac
{31 native species) and Asteraceae (27) significant
(Table 2). Important genera include Styfidium (19 taxa),
Acacia (15), Leucopogon (15), Hibbertia (13), Hakea (13),
Banksia (11) and Eucalyptus (9). A noticeable feature of
the area is the low mecan number of species per genus
(2.1). Of the 223 genera listed, 129 (59 percent) are
represented by only one species, highlighting the level of
generic richness in the reserve. Further research is needed
to ascertain whether this is a general feature of species-
rich reserves in south-west Western Australia.

Rare and Unusual Plant Species

Of the 573 species recorded at Boonanarring, 75 species
(13 per cent) are considered to be of particular interest
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(Table 3). This includes 18 priority species (Atkins 1995).
Based on Marchant et al. (1987), current herbarium
records and personal knowledge, 67 species records were
considered to represent range extensions or disjunct
populations.

TABLE 2

Dominani plant families in Boonanarring Nature Reserve
and woter reserve A22602.

FAMILY No. of TAXA % of TOTAL
native introduced  [native taxa)
Myrtaceae 63 0 11.6
Proteaceae 58 0 10.6
Papilionacece 44 4 8.1
Epacridacece 31 e 8.7
Orchidoceae 28 | <]
Asleraceae 27 ) 5.0
Cyperoceae 26 0 4.8
Anlhericaceoe 25 0 4.4
Stylidiaceqe 23 0 42
Goodeniaceae 18 0 3.8
Heemodoroceoe 18 0] 3:3
Mimosaceoe 13 0] 2.8
Poaceae 15 5 2.8
Restionacece 1§ 0 2.8

Several populations of the previously declared rare
Grevillea saccata occur on the Moondah soil unit within
the reserve. These represent the only secure populations,
as all others occur on alienated lands or road verges. The
location of thesc populations and the subsequent
declaration of the nature reserve were instrumental in
removing this species from the list of declared rare flora.

Several populations of Acacia clydonophora,
Verticordia paludosa, Conostephium minus, Calytrix
sylvana, (all Priority 4), Acacia cummingiana, Acacia
pulchella var reflexa (acute bracteole variant), Leucopogon
oliganthus, Banksia micrantha, Dryandra echinata,
Haemodorum loratum, Olax scalariformis (all Priority 3)
and Macarthuria apetala, Lysinema elegans, Pithocarpa
achilleoides (all Priority 2) were all recorded on the
reserve. Several large populations of Dryandra echinata
occur within areas of Vegetation type 6. These are the
largest known populations on a reserve.

A population of Banksia chamaephyton (Priority 4) on
the eastern side of the rescrve represents a southerly
extension of the known range of this species which until
recently was declared rare and endangered. The record of
Laxmannia omnifertilis is a southerly range extension (by
about 70 km, from north of Cataby) of a species which has
been relatively well surveyed.

In shatlow sands over laterite at Quadrat 6, Eucalyptis
decurva was found. This is a predominantly south-coast
species recently found near Northam and near New Norcia
(M. Brooker, personal communication; Brooker and
Kleinig 1990). The population at Boonanarring is the
farthest north-west known occurrence. Also of interest is
another eucalypt, E. lane-poolei. Within Boonanarring
Nature Reserve this species forms sparse woodlands on
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and near the Gingin Scarp which

runs down the western edge of the study area. This is one
of several disjunct populations which occur to the north of
the bulk of the species’ range, which is south of Perth

(Brooker and Kieinig

1990). At the same site we found a

subspecies of Lomandra micrantha (L.m. teretifolia)
normally found only on the south coast.

The type specimen of Stylidium carlquistii (Priority 1)
is from the reserve, and scveral previously unknown
species were first collected from the reserve, including
Tetratheca aff. hirsuta (JJA153) and several undescribed
orchid species (S.D. Hopper personal communication).

Other flora records of interest include a hybrid
population between Eucalyptus marginata and E. todtiana

and the presence of blue-green leaved jarrah (E. marginata

subsp. thalassica) as well as trees with dark green leaves
(subsp. marginata). This is the most northerly record for
subsp. thalassica. Populations of Stylidium leptocalyx and
S. carlquistii are the only ones found on nature reserves,
making this reserve important to the conservation of these

species,

TABLE 3

Biogeographically interesting, significant o unusual plant
occuirences known from Boonanarring Nalure Reserve.

SPECIES COMMENT

SCHIZAEACEAE

Schizaea fistulosa norherm limit, previously Muchea

POACEAE

Eriachne ovela south-western limit; closest populstion Bakers
Hill

CYPERACEAE

Schoenus efolicius
Tetraria capilfaris

RESTIONACEAE
Ecdeiocolea monosiachya
Onchysepolum loxillorum

DASYPOGONACEAE
lomandra hastifis
lomandra off. micrantho

ANTHERICACEAE
Borya scitpoidea
{loxmannia omniferfilis
loxmannia sessififlora
subsp. oustrofis
Lloxmannic squorrosa

HAEMODORACEAE
Anigozanthos pulcherrimus
Haemodorum loralum
Phlebocorya filifofia
ORCHIDACEAE
Coaladenia ‘arenicola’

Colochilus aff. robertsonii

Corybos abditus

PROTEACEAE
Banksia burdeltii
Banksia chamoephyton

norlhern limit
northern limit, extension from Bussellan

al southem fimil of ronge
at southern limil of range

at southemn limil of range

populalion apparently referable 1o

L. microntha subsp. terefifolio, previvosly
recorded krom Albany to Cape Arid

only population known from north of Perth
southernmost known populalion

at or near northern limit of this subspecies
norlhern-most known population

uncommon; southern extension of range [from
Barllell's Weli)

Prioirity 3 species

rarely collected, Priority 2 species'

northeastern limit of range; unusual away
trom coostal plain

northern-mosl occurrence; range extension
from near Perth

northern-mosl occurrence; range exlension
from Busselton-Albary region

soulhem-most record
unti{ recenlly declared endangered;
soulhem-most known population; Priority 4

Table 3 {continued)

Banksia micrantha
Dryondra echinoto

Greviflea saccala

tambertio multifiora

var. multifiora

isopogon adenanthoides
Isopogon lineoris
Petrophile scabrivsculo

AMARANTHACEAE
Prilotus drummondii

OLACACEAE
Olax scalariformis
Olax spartea

RANUNCULACEAE
Clematis pubescens

DROSERACEAE
Drosera pulchelta

MOLIUGINACEAE
Macarthuria epelolo

MIMOSACEAE
Acarcia clydonophora
Acacia cummingiona
Acacia pulchella
var, reflexo lacuminate
bracteole voriont)

PAPILONACEAE

Aotus gracillima
Bossiaeo ornata
Daviesia sfiato
Gompholobium scabrum
Sphaerolobium vimineum

RUTACEAE
Borenia moffoyae
Boronia purdieono

TREMANDRACEAE
Tetratheca aff. hirsuta

POLYGALACEAE

Comesperma virgatum

RHAMNACEAE
Cryplandra scoparic
Stenanthemum humifis

MYRTACEAE
Agonis lineorifolia

Calytix sylvana
Colytrix variabilis
Eucolyptus decurva

Eucolyptus fane poolei

Eucalyptus marginata

x fodtiono
Homalospermum fiomum
Kunzea ericifolia
Fericafymmo ellipticum
Verticardio poludose

APIACEAE

Platysace ramosissima

EPACRIDACEAE
Astroloma macrocalyx
Conostephium minus

Priority 3 species; southein extension of
known ronge

Priority 3 species; extensive populations on
the reserve

Priority 4 species: southernmost knowo
population; only known population not on @
road verge

near southem limit of range
southern-mosl known population
southern-mosl known population
turthest soulh record

northern end of range

Priority 3 species
southerr-mosi known population

northern-most record

northern-most known populalion; usually Perth
to Albany

Priorily 3 species

Priorily 4 species, al southern limit of range
Priority 3 species, al souther limit of range

Priority 3 species

northern-most known population
naitherrrmost known population
northem-most known population
rorthern-most known population
norhem-most known population

northern-most known populalion
2eastern margin of range

First known locality of undescribed species,
proposed type locality

norlhermmosl known population

poorly collecied
southernmost known populalion

one of only nine records; narthera-most
population known; range extension
Priofity 4 species

reslicled range

very unusual occurrence, only iwo other
populations nol on the Soulh-Coast.
potchy occurrence along and neor the
Dailing and Gingin Scorps; uncommon

only known hybrid between these two loxo
northermn-most known population
northern-most known population

near norhem limit {Moore River)

Pricrity 4 species

rarely collecled; second known populalion
and the only one known on a Nalure Reserve

poorly collecled
Priority 4 species
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Table 3 (continued)
SPECIES COMMENT

leucopogon oliganthus  Priarity 3 species
leucopogon oxycedrus

/nutans northern:most known population
teucopogon

of verlicillatus
lysinema elegons

notthernmost known population
Priority 2 species

Styphelia tenuifloro near nofthemn limil
LENTIBULARIACEAE
Uriculorio violaceo northeinymos! known population
Utrieularia volubilis northern-mos! known population
LOBEUACEAE
lobelia tenvior norlhern-mosl known population
STYLIDIACEAE
Swlidium albotilacinum  rarely collected
Swlidium oft.

thynchocarpum cither o new species or norlhernmost

occurtence of S. thynchocarpum

Stylidium corlquistii Priority 1 species, only known occurrence
ASTERACEAE

Asteridea pulverulenie northern-most known population

Blennospore drummondii  restiicted

Millotie tenuifolia poorly collecied

Pithocoma achillecides  Priority 2 species; widespread fhioughout the
Neture Reserve

! CAWM Florg Consetvaiion Codes [as al 14 Seplember 1995) (Atkins
1G95)

®eclared Rore Flore - Extant Toxa: Toxa which have been adequelely
searched for and are deemed fo be in the wild eilher rare, in danger of
exlinclion, or elherwise in need of special protection, and have been
gazetted os such,

Priority One - Pootly Known Taxe: Texe which are known lrom one er @
few (generaly <5) populalions which are uader hresl, either due to small
population size, or being on lands under immediate threat, e.g. road
verges, uhon areos, farmland, active mineral leases, elc., or the plants
ore under threat, e.g. from disecse, grazing by leral animels, etc. May
include toxa with threatened populations on profected lands. Such taxa
are under consideration for declaralion es “rare flora’, but are in uigent
need of furlher suevey.

Priorily Two - Pooily Known Taxa: Taxa which ore known from one or a
few Igenerolly <5) populations, at least some of which are nol believed
to be under immediate threot {i.e. nol currenlly endangered). Such laxa
are under consideration for decloration os ‘rore flora’, but are in urgent
need of furlher survey.

Priority Three - Poorly Known Taxa: Taxa which are known from several
populalions, at least some of which are nol believed 1o be under
immediale lhreal {i.e. nol currently endangered). Such laxa are under
consideralion for declaralion as ‘rare flora’ but ore in need of furlher
survey.

Priority Four - Rare Taxa: Taxa which are considered Io hove been
adequolely surveyed and which, whilsi being rore [in Auslralia), are nol
currenlly lhreatened by any idenlifioble foclors. These laxa require
monitoring every 5-10 years.

Fishes

Three individuals of the Western Pygmy Perch (Edelia
vittata) were captured near the head of Boonanarring
Brook.

Frogs and Reptiles

Three frog and 18 reptile species were detected on the
reserve during the assemblage survey in March, and
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another two frog and two reptile species were recorded
opportunistically at other times (Table 4). Six species were
detected once only at a single sample site: ffeleioporus
eyrei, Pletholax gracilis gracilis, Morethia obscura,
Tiliqua rugosa, Vermicella calonotos and Pseudonaja
affinis. However, four of these, Hefeioporus eyrei,
Morethia obscura, Tiliqua rugosa and Pseudonaja affinis,
are common and widespread species in the south-west of
the State and arc likely to be mere common and
widespread in the study area than thesc data suggest.

TABLE 4

Reptile and amphibian species recorded lrom each sample
site on Boonanarring Nature Reserve.

OPPORTUNISTIC
RECORD

SPECIES SITE
12484 567

Frogs
Hylidoe

litorio adelaidensis *
leplodectylidae

Heleioportus eyrei X
Mnodynastes dorsalis
Myobatmchus govldii
Ranidelia glaverti

> x
> =

*

Reptiles
Gekkonidae

Crenadactylus
ocelleiys X X{scarmp)

Pygopodidue
Aprosic repens X X X X X
Delma fraseri * X Xiscarp)]
Liolis burlonis *
Pletholox grecilis gracilis X

Pygopus lepidopoduss Xscarp}

Scincidae

Cryploblephorus
plagiocephatus X X
Crenotus fallens X X
lerista disinguenda X X
lerista praepedita X X X X
Morethia obscura X
Tiliqua rugoso X
Agomidoe
Pogena minor X X
Tympanocryplis
adeloidensis X X X
Boidae
Morelio spitola a
Elapidoe
Vermicello bimoculola X
Vermicella calonolos X
Vermicello semifosciala X X
Notechis curtus X
Pseudonajo offinis X

Number of species

al each site: NS 216 5 2 4

All records except * were made during lhe assemblage survey in March.
*Scarp’ refers 1o lateritic breakaway suifaces of the Gingin Scorp,
between Siles 2 and 3.
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Table 5 shows the number of individuals of each
species captured in pitfall traps and during diurnal
searches. Pitfall captures equate with the total number of
individuals captured since there were no recaptures. Only
eight species (three frog and five reptile species) were pit-
trapped. Twelve species of reptiles were detected only by
active searching techniques.

TABLE 5

Total numbers of each frog and reptile species recorded
from pitfall raps and diurnal searches o sample sites on
Boonanarring Nalure Reserve, 17-23 March1986.

SPECIES METHOD SAMPLE

SITE

Pitfall Diurnal
traps searches

Frogs
Heleicporus eyrei 1 1
timnodynastes dorsalis 3 3,47
Myobairachus gouldii 5 3.4
Reptiles
Crenadactylus ocellatys 1 5
Aprasa repens 8 12357
Delma fraseri 3 5)
Pletholox gracilis gracilis 1 2
Pygopus lepidopodus 1
Cryploblephorus plegiocephalus 1 1 3.3
Cienolus fallens 2 1.4
lerista distinguenda 2 1.6
leristo proepedita 8 1,2.3,4
Moreihic obscura 1 7
Tikiqua rugosa 1 6
Tympanocrypiis adeloidensis 3 2 2SS
Pogona minor 2 7
Vermicello bimaculota 4 1,2
Vermicello cafonotos 1 1
Vermicella semifosciolo 2 1.4
Notechis cusius 1 1 1,3
Pseudonaja offinis 1 2
Number of species: 8 16
Birds

In the March survey, 47 species of birds were recorded in
the reserve (Table 6). A further 27 species were recorded
on other occasions, sometimes opportunisticaily, providing
a total of 74 species known for the study area. A chestnut-
shouldered fairy-wren (possibly Malurus famber i) was
also seen, but not well enough to distinguish it reliably
from the two other species which could occur. In any case,
the occurrence is of interest, being outside the normal
range of these species. The Laughing Koockaburra was the
only introduced species recorded. All species were within
their known ranges (Storr 1991). A total of 30 families
were represented (taxonomic groupings used were those of
Chrristidis and Boles 1994). Prominent families included
Meliphagidae (honeyeaters, 11 species), Accipitridae
(hawks and eagles, 6) and Pardalotidae (pardalotes,
thornbills and allies, 6).

Mammals

Eleven native and four introduced mammal species were
recorded on the reserve (Table 7). Seven native and one
introduced species were recorded at sample sites and,
opportunistically, an additional four native (all bats) and
three introduced species were recorded away from the
permanent sampling sites {quadrats) (Table 7). A species
account is presented in Appendix 5. The list of native
species comprised three small ground mammals, five bats,
two macropods and the echidna. All are within their
known geographic ranges.

Three native and one introduced small mammal
species were trapped (Table 7). Appendix 6 lists the total
number of individuals captured from individual traplines at
each site. Honey Possums (Tarsipes rostratus) had pouch
young at the time of the survey (March) and several Mus
were in breeding condition (one female was pregnant).
One male Psendomys albocinereus was in breeding
condition, suggesting that limited breeding may have been
occurring at the time of survey. Captures of juvenites and
an adult female Sminthopsis griseoventer indicated that
the species had successfully bred on the reserve before
March. Males of three bat species, Nyctephilus gouidi, N.
geoffreyi and Vespadelus regulus showed breeding
condition, although we have no reproductive information
from females to confirm breeding activity in March. (See
Appendix 5 for further details.)

DISCUSSION

Fleristicsand Vegetation

Boonanarring Nature Reserve is of considerable botanical
significance as it represents the transition zone of
vegetation associations of the Swan Coastal Plain, Darling
Scarp and the Dandaragan Plateau. These are primarily the
woodlands of the Muchea-Gingin area and the heaths
(kwongan) of the Mogumber area.

This transition is reflected in the floristics of the area.
Griffin (1994) utilised the quadrats established for this
study, and others he established in the reserve, in his
analysis of the floristics of the sandplains betweer Perth
and Geraldton. Sites from Boonanarring fell into four
woodland and heath groups (20-5, 20-6 (heaths), 20-7 and
20-9 (wood!ands)). The heath groups had northern
affinities with those in Boonanarring near their southern
limits. The woodland group 20-7 also was a northern
group, while 20-9 was essentially a group allied to the
Dandaragan scarp extending from Wannamal to
Bullsbrook. Gibson and Keighery (personal
communication) using Griffin’s sites, those from the Swan
Coastal Plain survey (Gibson ef al. 1994) and from the
Department of Environmental Protection’s System Six
update study (1996), have also found that floristic sites
from Boonanarring have affinities to heaths and
woodlands north and south of the reserve, rather than the
adjacent coastal plain, These data are currently being
prepared for publication elsewhere.
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TABLE 6

Bird species recorded at each sample site on the Boonanarring Nature Reserve.

COMMON NAME SCIENTIFIC NAME SITE

3 4 5 &6 7 Opp.
Emu Dromoius novaehollondioe + o+ +
Australian Shelduck Todorno fodornoides +
Pacific Black Duck Anas superciliosa N
Black-shouldered Kile Elanus oxillaris +
Whislling Kite Hafiastur sphenurus +
Brown Goshawk Accipiter fascialus R
Collared Sparrowhawk Accipiter cirthocepholus +
Wedge-ailed Eagle Agquila audax +
litlle Eagle Hieraaetus marphnoides +
Brown Falcon Falco berigora + +
Australian Hobby Fafco longipennis +
Australian Kestrel Falco cenchroides +
Painted Bullon-quail Turnix vario 2
Common Bronzewing Phops chalcoprero +
Cresfed Pigeon Ocyphaps lophotes +
Shortbilled Black-Cocketoo Calyplorhynchus lafirostis + +
Galah Cacatua roseicopillo +
Purplecrowned lorikeet Glossopsitia porphyrocephala o
Ausralian Ringneck Bornardius zonorivs + o+ +
Red-capped Parrot FPurpureicephalus spurius +
Pallid Cuckeo Cuculus paflidus +
Fan-ailed Cuckoo Cacomantis flabelliformis +
Horsfield's Bronze-Cuckoe Chrysococcyx basalis
Shining Bronze-Cuckoo Chrysococcyx lucidus +
Southern Beobook Ninox novaeseelondioe + +
Bam Owl Tylo atba N
Tawny Frogmauth Podargus strigoides +
Australian Owlernightiar Aegotheles cristatus +
laughing Kookeburra Dacelo novoeguineae + +
Sacred Kingfisher Todiramphus sanctus +
Rainbow Beeeater Merops omolus +
Splendid Fairy-wren Malurus splendens + +
White-winged Fairywren Malurus leucoplerus + +
Striated Pardolole Pordolotus striatus +
Weebill Smicrosmis brevirostris +
Weslern Gerygone Gerygone fusca + o+ +
Inland Thornbill Acanthiza apicalis +
Weslern Thombill Acanthiza inomalo + + o+ +
Yellow-rumped Thornbill Acanthiza chrysorthoo + +
Red Wattlebird Anthochaera corunculota + o+ o+ +
Lille Walilebird Anthochoera chrysoptera + o+ o+ +
Yellow-throoted Miner Marnorino flovigule +
Singing Honeyeater lichenosiomus virescens + o+
Yellow-plumed Honeyeater Lichenostomus omatus N
Brown-headed Honeyeater Melithreptus brevirosiris +
Brown Honeyealer tichmera indistincta T T +
New Holland Honeyeater Phylidonyris novaehollondioe %
Tawny<rowned Honeyeater Phylidonyris melanops + 4 + +
Western Spinebill Acanthorhynchus superciliosus + 0+ o+ +
Whitefronted Chat Ephthianura olbifrons +
Scarlet Robin Peiroico multicolor o+ +
Red-capped Robin Pelroice goodenovii +
Hooded Robin Melonodryas cucullata
Varied Sittella Dophacenosiita chrysoplera + +
Golden Whisller Pochycephalo pectoralis R
Rufous Whisiler Pachycephala rufiventris + 4 +
Grey Shrike-thrush Colluricincla harmonica + +
Magpiedark Gralling eyanoleuca +
Grey Fanlofl Rhipidura fuliginoso + o+ o+ +
Willie Wagtall Rhipidura leucophrys +
Black-faced Cuckoo-shrike Coracino novaehoflandiae + o+ o+ 4 +
Whitewinged Triller Lologe sveunii N

162

CALMScience
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COMMON NAME SCIENTIFIC NAME SITE

1 2 3 4 & 6 7 Ogp
Blackfaced Woodswallow Arlomus cinereus + + +
Dusky Woodswallow Arlamus cyonoplerus +
Grey Butcherbird Craclicus torquatus + 4+ + 4+
Australion Magpie Gymnorhina fibicen + +
Australian Roven Corvus coronoides + +
Richard's Pipit Anthus novaeseelondioe +
Misiletoebird Dicaeum hirundinacevm +
White-backed Swallow Cheramoeca leucosternus + +
Welcome Swallow Hirundo neoxena + +
Tree Martin Cecropis nigricans + o+ o+ o+ 4 +
Rufous Songlark Cinclorhamphus mothewsi +
Silvereye Zosterops laterolis + o+ o+ + + o+
Number of species 13 10 19 17 16 9 24

Total number of species recorded = 74

R = species recorded during an RAOU excursion in June 1989 (R. van Delfi, personal communication) and N = recorded during
Western Australian Naluralists Club excursions in Oclober 1992 [H. and K. Frederiksen, personal communication) and August and
October 1995 [R. Roe, personal communication), but not during earlier sampling.

Opp. = opporlunistic sighlings, away from detailed sampling quadrats.

Nomenclaiure and order follows Chrislidis and Boles [1994).

TABLE 7

Mammal species recorded al each sample site on
Boonanarring Nature Reserve, February to August 1986.

The topographic complexities of the area are reflected
by the soil patterning and bence patterns in the species-
rich vegetation. Although there are few comparable
studies, the list 0 f 573 species recorded at Boonanarring is
similar to that recorded from John Forrest National Park

SPECIES SITE RECORDED
(590+ species) (Mattiske and Associates 1991; Armstrong OPPORTUN-
and Muir 1994; Foulds and Parsons 1996), although the 1234567 ISTICALLY
latter is a rather smaller area (ca 2550 ha) but more
intensively studied. The list from Boonanarring i also Tochval . D B
comparable with the 624 species recorded in and around ac. o oss.us o,cuecms
Sminthopsis griseoventer X X g

93 guadrats (each 10 x 10 m, across a study area of about ”
2400 km?) in the Moore River to Jurien Sandplain Survey ~ 0/Pes foskolus y
(Griffin and Keighery 1989). Macropus fuliginosus § 8§ X X.88 S X

The records of Laxmannia omnifertilis, Ecdeiocolea i e 4 5
monostachya, Banksia chamaephyton, Grevillea saccata, ISR Rl X
Isopogon adenanthoides, Isopogon linearis and Pileanthus Nyclophilus geoffroyi %
Siliformis are the southern most for these taxa and are Nyctophilus gould: X
further evidence of the influcnce of the kwongan Cholinolobus gouidii X
vegetation boundary. Conversely, the northern-most Vespadelus regulus X X
records of Schizaea fistulosa, Eriachne ovata, Borya Pseudomys albocinereus X X X X X X
scirpoidea, Laxmannia squarrosa, Gompholobium Mus musculus X X X X XX
scabrum, Agonis linearifolia, Eucalyptus marginata ssp. Vilpes vilpes X
thalassica, Homalospermum firmum, Kunzea ericifolia Felis cotus X
and Pericalymma ellipticum indicate the influence of the Oryclolagus cuniculus X
Darling Province flora. The number of vascular plant Conis familicris s

specics recorded for Boonanarring Nature Reserve will
undoubtedly increase with further sampling during other
times of year and when less accessible parts of the reserve
are studied.

A unique feature of the reserve is the large number of
taxa of Eucalyptus (9, including two subspecies), Banksia
(11), and Acacia (15). Reasons for this are unknown but
can be attributed in part to the mosaic of soil and
vegetation associations. Many of the more unusual species
such as Eucalyptus lane-poolei were found in transitional
zones or ecotones, particularly where Karamal and
Moondah soils adjoin.

X= caplure or sight record
S = scals, lracks

D = diggings

* = Sminthopsis sp.

Opportunislic records were made awaoy from the seven sample siles. A
description of the vegelalion a each site is given in Appendix 1.
Taxonomic erder of native species follows Sirahan [1995).
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The reserve contains the most extensive example of the
poorly conserved Banksia woodlands on Dandaragan soils
(the Cullala complex). Nearby, on the Swan Coastal Plain,
Moore River National Park also supports large arcas of
Banksia woodland, but these occur on Bassendean duncs
of deep grey sand. The rest of the national park consists of
subdued swales supporting primarily wet heaths. It has
been estimated (Bceard and Sprenger 1984) that Banksia
woodlands in Western Australia originally covered
6229 km?*of which 61 per cent is now alienated fand where
the vegetation is presumed cleared. All of an estimated
680 km? of Banksia woodland with scattered Fucalyptus is
now on alicnated land. Approximately one third of alt
Banksia woodlands werc found on the Dandaragan
Plateau, reaching an optimum on the Swan Coastal Plain
between Muchea and Cataby and extending northward
along the Dandaragan Plateau to the middle of Watheroo
National Park (Beard 1989). Hopper and Burbtdge (1989)
estimated that only 7 per cent of the original 281 000 ha of
Banksia woodland on the Swan Coastal Plain south of
Lancclin were on censervation reserves. Banksia
woodtands in general are under threat from rapid urban
and rural development and degradation owing 1o weed
invastons and recreational usage.

Boonanarring Nature Reserve contains cxtenstve arcas
of Banksia woodland with Excalyptus todtiana and
E lane-poofei. Wilh further survey utilizing quadrat-bascd
data, the two Banksia woodland associations described
could be redefined based on the understorey species
compesition. A quantitative analysis of the vegetation
using quadrats would be expected to confirm analyses
cisewhere (Havel 1968; Dodd and Griftin [989) that soil
leaching and moisture availability are the major
determinants of variability within the Banksia woodlands.
The species richness of unbounded sampling sites within
our sludy site ranged from 68 atsite 2 to [08 atsite |
(mean = 92), These cannot be dircctly compared with
bounded sites but indicate that Banksia woodlands within
Boonanarring Nature Reserve may be more species-rich
than those reported in other studics. in 83 quadrats, each
400 m?, in Banksia woodland in the Perth region {Dodd
and Griffin 1989) perennial species richness varied from
16 to 53 species per sitc. Dominant woody families found
within the Banksia woodlands were Myrtaceae,
Proteaccae, Papilionaccac and Epacridaceae, indicative of
the influence of Kwongan flora species. Affocasuarina
Sraseriana, usually a co-dominant in Barksia woodlands
south of Yanchep Nationai Park (Beard 1989), is
apparently absent [rom Boonanaring Nature Reserve.

Jarrah forest on Boonanarring Nature Reserve is
extensive and basically similar to that on the Swan Coastal
Plain and Darling Scarp in being rich in species. Jarrah
forest is relatively well represented on conservatien
reserves, being the predeminant vegetation associaion
within John Forrest National Park, Moondyne Nature
Reserve and Walyunga National Park. 1t is also
widespread in State forest. The jarrah forest types found in
the reserve correlate strongly with soil type and landform,
in the manner described by Havel (1975a). The best
developed, taller jarrah forest on the gravelly uplands has
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been heavily exploited for timber at unknown times in the
past. Stands of Banksia grandis and Dryandra sessilis
often occur ncarby, depending on sail depth and siope. On
the deep, sandy plains and swales between laterite
breakaways the slower growing, siraggly jarrah open
mixed woodland (vegetation Type 7) appears to have been
affected in sone areas by severe wildfires. In burnt
vegetation east of sile 7 the understorey is dominated by
Stirlingia latifolia in stark contrast to the morc species rich
unburnt site. The establishment of permanent monitoring
quadrats within arcas that are to be prescription burnt may
indicate whether species diversitly is affected in the long
term. Although Bell and Koch (1980) suggest that richness
and diversity are not reduced by fire in jarrah forest, their
study was carricd out in different vegetation types in
higher rainfall arcas to the south, and the cffect of site to
sitc variation is not clear from their data. Therc is stili a
need to follow individual sites through time.

The distribution ef wandoo woodland is limited within
the reserve, being restricted to arcas where the Gingin
Scarp adjoins the Moondah sotls unit. At these junctions
massive expesed censolidated laterites with heavy
textured soils occur over clays which remain wet in winter
and bake over summer. Aftheugh limited in size, the
wandoo woodlands may prove, with further sampling, to
be habitat for a number of flora and launa species not
occureing in ether parts of the reserve.

Fishes

The onc species collected (Edelia vittara) is within its
known range, which is from the Phillips River on the south
coaslto the Moore River, a little te the north of our study
arca (Allen [982). More extensive sampling, using a
broader range of techniques to detect secretive and
nocturnal fish, would probably reveal the presence of other
species.

Frogs and Reptiles

A reasonably diverse herpetofauna, comprising five frog
and 20 reptile specics, was dctected in the study area. Data
from the Swan Coastal Plain and Darling Range necar Perth
(How and Dell 1994) suggest that further work at
Boonanarring would reveal the prescence of additional
species. All species detected at Boonanarring arc within
their known geographic ranges. [lowever, two records are
of particular significance. Until recently, Vermicella
calonotos was declared endangered. [t still has only an
extremcly restricted geographic distribution in the south-
west, from Lancelin to Mandurah (Storr ef af. 1986; Bush
et al. 1995). Within this range, the species has previously
been recorded only rarely outside the ceastal belt
{Quindalup and Spearwood Dune Systems of McArthur
and Bettenay (1960)). These records are from the coastal
plain at Bullsbrook, Caversham and Riverton, and in
Banksia woodland at Mootiabeenee on the Dandaragan
Plateau {Bamford 1985, 1986; Storr et al. 1986). Our
record from sands at the base of the Gingin Scarp is an
additionat inland record. The second record of particular
inferest is the Carpet Python, Morelia spifota imbricata,
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which is declared ‘in need of special protection’.

Several other records are also of some interest. Three
species of Vermicella (small fossorial snakes) were
detected at one site (Site 1) at the base of the Gingin
Scarp. No microhabitat differences were apparent,
suggesting that the three are syntopic. A total of five
species of Vermicella are known to occur sympatrically on
the coastal plain from Perth to the Moore River (Storr
et al. 1978); interestingly, all five occur in a relatively
small area at Bold Park in the western suburbs of Perth
(How and Dell 1994).

Our list is clearly not exhaustive since the
herpetofaunal survey was brief and {rapping was restricted
to one season. There was also a difference in sampling
effort between sandy and lateritic sites (no pit-trapping)
and overall, capture rates were low; for example, seven
species were represented by one specimen recorded at one
sample site only. Thus apparent absence from a site may
not be real. Further sampling in warmer weather would
have resulted in more species being detected, and at more
sites,

Nevertheless, several broad trends were indicated.
Seven specics were detected only on deep sands at the
base of the Gingin Scarp and on the Dandaragan Plateaq:
Heleioporus eyrei, Pletholax gracilis, Vermicella
bimaculata, V. calonotos, V. semifasciata, Notechis curtus
and Pseudonaja affinis. The first five are burrowing
species typically associated with sandy surfaces on the
coastal plain between the Swan and Moore Rivers (Storr
et al. 1978; How and Dell 1994; Tyler er a/. 1994), while
the last two are non-burrowing snakes,

Four of these species were absent from our sites on the
Dandaragan Plateau: Heleioporus eyrei, Pletholax gracilis,
Vermicella calonotos and Pseudonaja affinis. However, the
first three have been previousty recorded in Barksia
woodland about 10 km away at Mooliabeenee (Bamford
1985). P. affinis has been recorded some 18 km south-east
of there, near Bindoon (Western Australian Museum
records).

Four species were detected only at sites on laterite or
lateritic sands in gullies between lateritic ridges:
Crenadactylus ocellatus, Morethia obscura, Tiliqgua
rugosa and Pogona minor. However, all are known from
the adjacent northern Swan Coastal Plain (Swan River to
Moore River), where with the exception of C. acellaus,
they are common (Storr ef al. 1978). C. ocellatus is scarce
on the Swan Coastal Plain because of the paucity of
suitable rocky habitat; the species is considered to be more
common on the adjacent Darling Scarp and Plateau (Storr
et al. 1978). Dell (1983) recorded it from *woodland’ and
‘granite’ on the Darling Scarp near Perth.

The list of species includes four reptile species
endemic to the west coastal sandplains from Geographe
Bay to North West Cape: Pletholax gracilis gracilis,
Lerista praepedita, Tympanocryptis adelaidensis
adelaidensis and Vermicella calonotos.

A much richer herpetofauna than that detected by our
survey is predicted to occur on the reserve. How and Dell
(1994) have demonstrated strong patterning of reptiles
across landscape gradients near Perth, and so one would

expect significant differences between the lateritic upland,
scarp deep sand sites within Boonanarring, resuiting in a
rich reptile fauna. Records from a three-year pitfall trap
study near Mooliabeenee (Bamford 1985), 10 km south-
east of the reserve, provide a comparison with our list
{Appendix 7). From Banksia woodland alone, Bamford
{(1985) recorded an additional four frog and 16 reptile
species. On current knowledge of the geographic
distribution, habitat associations and status of each of
these species, all could occur on the reserve. The four
frogs are most casily detected after winter rains when
breeding, and our failure to detect any of these specics on
the reserve is probably related to our survey work being
restricted to autumn, Two points should be made, however.
The freg Crinia georgiana has not been collected north of
Gingin (Tyler ef al. 1994), but the Mooliabeenee record
indicates that the species occurs inland in this region.
Lerista christinae is an uncommen species and henee, if
present at Boonanarring, may be sparsely distributed. Prior
to the Mooliabeence records, it was known only from
sandplains near Badgingarra and near Eneabba (Storr ef al.
1981).

We recorded four species on the reserve that are
additional to Bamford’s (1985) list from near
Mooliabeenee: Crenadactylus ocellatus, Lerista
distinguenda, Vermicella bimaculata and Pseudonaja
affinis. The presence of C. oceflatus in the study area
appears to be related to the presence of suitable rocky
habitat, and the presence of R. glauerti related to the
availability of surface water in Boonanarring Brook.

A search of unpublished Western Australian Museum
records (to August 1986) from the area within a 25 km
radius of Gingin yielded records of an additional two frog
and nine reptile species. These are listed in Appendix 8,
and are possible additions to the list for Boonanarring. Of
note is that the reserve is very close to the known northern
limit of Leiolopisma trilineatum at Gingin Brook (Storr
er al. 1981) which has its head-waters adjacent to the
southern boundary of the study area.

Birds

We detected over 60 per cent of the 120 terrestrial species
recorded in the surrounding 1° x {° block during the
RAQU Atlas of Australian birds survey (Blakers ez al.
1984). The RAOU survey was of a much larger area than
our study site, extended over five years, involved many
observers in all seasons and covered a much greater range
of habitat types. The number of species detected in our
study site suggests that its avifauna is reasonably rich for
this general arca.

Most (65 per cent) of the species we rccorded are of
widespread occurrence, 28 per cent are Bassian (southern)
species and 7 per cent are Eyrean (arid zone) species.

Few site specific data exist with which to make
meaningful comparisons of community structure.
However, in terms of species composition, the avian
communities of the eucalypt woodland sites at
Boonanarring appear more similar to those of eucalypt
woodlands in the Yanchep area on the Swan Coastal Plain
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(Burbidge ef al. unpublished data) than to those of the
Darling Range jarrah forests (Wykes 1985; Worsley
Alumina Pty Ltd 1985). Not surprisingly, there are
numerous bird species in common between each of these
sites, bul there are also a number of differences. For
example, Golden Whistlers were common in the Darling
Range sites, but they were absent from the Yanchep and
Beonanarring sites (although there is one opportunistic
record of this species in eucalypt woodland at
Boonanarring, they were probably once at Yanchep (Storr
and Johnstene 1988) and may have once been more
common at Boonanarring). On the other hand, Rufous
Whistlers were commonly recorded at Yanchep and
Boonanarring but only rarely recorded in the Darling
Range sites. Simitarly, Red-capped Parrots were more
common in the Darling Range sites than at Yanchep or
Boonanarring, whereas the opposite was irue of the
Australian (Pest Linceln) Ringneck. Brown-lhcaded
Heneycaters were absent from the Darling Range sites
whereas White-naped Hencyeaters were rarely recorded at
Yanchep or Boonanarring. Yellow Robins, White-brewed
Scrubwrens, Red-winged Fairy-wrens and Western
Rosellas were recorded only at some of the Darling Range
sites; on the other hand, some species preferring more
open habitats (e.g. Singing [Honeyeater) were not recorded
in the Darling Range sites, although this species is known
to occur elsewhere in the Darling Range, particularly
areund towns (1. Abbolt personal commurication).

In Banksi¢ woodland about 10 km south-east at
Mooliabeence, Bamford (1985, 1986) recorded about
twice as many species per site as we did in Banksia
woodland. However, his was a detailed study carried out
over all seasons over three years, and his sample areas
were much larger than ours. All spectes recorded in
Banksia woodland by us were also recorded at
Mooliabeenee. Boonanarring Banksia woodland sites are,
however, very similar in bird species richness and
composition to those at Yanchep National Park (Burbidge
e¢f al. unpublished data). The most noticeable differences
between these two areas are that both Splendid Fairy-
wrens and New Holland Honeyeaters were absent from the
Banksia sites at Boonanarring, presumably because of the
sparser shrub layer and absence of stands of Calothaninus.

Heathland sites at Yanchep (Burbidge ez af.
unpublished data) arc richer in bird specics than are
heathland sites at the Southern Beckeepers Reserve
(Burbidge and Boscacci 1989) or those in the
Boonanarring Nature Reserve. Most of the bird species in
the Boonanarring lealhs were also recorded in heaths in
the other two areas,

Red-tailed Black-Cockateos occurred in the area in the
past, and as occasional visitors in recent times (Storr
1991). We did not record this species, but there seems no
reason (hat it could not occur, unless suitable nest sites
have been destroyed,

Mammals

Our record of Nyctophilus gouldi is of biogeographical
interest, 1t is the first from the Dandaragan Plateau and
indicates the species’ presence at the northern extremity of
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the Darling Range. There is a single record of the species
from the Wheatbelt (Jibberding, 1982 - Western Australian
Museum records) and an old record (1949) from the
northern Swan Coastal Plain at Muchea (Kitchener and
Vicker 1981), 40 km south of Gingin. However, all ether
Western Australian records are from the forests and
woodlands of the mesic south-western cerner, from the
Darling Scarp near Perth (Kalamunda, 1970) south to
Pemberton (1980) (Kitchener and Vicker 1981; Western
Australian Museum records). The species has been
recorded as far east as Frankland (Christensen et af. 1985)
on the edge of the south-west forest block.

An additional four native ground mammals have
rccently been recorded near Mooliabeenee, approximately
10 km south-east of the reserve. These are Cercartetus
concinnus, Sminthopsis dolichura, Sminthopsis granulipes
and Isoodon obesutus (diggings only) (Bamford 1985). Ali
were recorded in Banksia woodland in the period 1983 to
1985; the first three were pit-trapped (Bamford 1985). On
current knowledge of the geographical distribution and
habitat associations of each specics, the first three may
eccur on the reserve and further pit-trapping, particufarly
in spring, is rcquired to clarify this, The presence of
I obesulus is less likely. On the Darling Scarp near Perth
this species prefers dense heath understorey at the
breakaway edge (Dell and How 1988) but there is little of
this habitat at Boonanarring. Some further discussion is
given below,

The effects on populations of small mammals of the
extensive burning that has eccurred on the reserve in
recent years are unknown, but may be relevant to the
apparent absence of al least ene species, Cercartetus
concinnus, Bamford (1985, 1986) found that small
mammals in Banksia woodland at Mooliabcence were
more severely affected by fire than either reptiles or birds.
Response to firc (susceptibility) was found to vary
considerably between different species and of the five
species monitored, Cercartetus concinnus was most
adversely affccted. [t, along with Pyewndomys atbocinereus,
was not recorded at all immediately following fire and
took the longest time to reappear in samples after fire
(three years). Effects of firc on a range of species near
Perth are described in [Harris (1995),

It should also be noted, however, that our survey was
cenducted in autumn when few plant species were
flowering. C. concinnus is nectarivorous and insectivorous
(Strahan 1983) and although little is known of the species’
population biclogy, it is possible hat the specics is more
casily detected in spring and carly summer, corresponding
with peaks in food sources. Kitchener and Vicker (1981)
list a 1962 specimen of C. concinnuy from Bindoon Creek,
Kitchener et al. (1978) concluded that the species
appeared to be uncommon on the northern Swan Coastal
Plain. Dell (1983) listed C. concinnus as moderately
common on the Darling Scarp, occurring mainly in the
heath understorey of wandoo and jarrah woodlands.

Sminthopsis dolichura is predicted to occur on the
reserve, In addition to the Mooliabeenee records (two
specimens pit-trapped in 1985), there is also one specimen
(1979) from Banksia woodland near Gingin (Kitchener
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et al. 1984; Western Australian Museum records). At
Mooliabeenee, the species was recorded infrequently and
was less abundant than S. griseeventer (Bamford 1985).
However, unlike S. griseoventer, S. dolichura was also pit-
trapped in jarrah forest on laterite (M.J. Bamford, personal
communication 1986) and this vegetation type is
extensively represented in the reserve.

Compared with S. dolichura, the local distribution and
status of S. granulipes in the region of the reserve is less
easily assessed. Most records of S. granudipes since 1920
have been from the Western Australian wheatbelt and
Eastern Goldfields where characteristic habitat is low
shrubland and surfaces of sand and sandy loam are
preferred (Kitchener and Vicker 1981; Kitchener in
Strahan 1983). However, Boonanarring Nature Reserve is
close to several known capture sites for the species:
Banksia woodland at Mooliabeenee (Bamford 1986),
heathland communities in Badgingarra National Park
(1979; Kitchener and Vicker 1981), heathland near Cataby
(1993; M.J. Bamford personal communication) and at
Eneabba (1981; Western Australian Museum records). It is
noteworthy, however, that the Mooliabeenee record is of a
single juvenile from a three-year program of monthly pit-
trapping (M.). Bamford personal communication) which
suggests that the species is currently common locally, at
least in Banksia woodland. The only other record from the
vicinity of the reserve is an old (1934) record from nearby
Gingin (Kitchener and Vicker 1981) for which habitat
information is unavailable. Of interest also is that the
species has previously been recorded at one locality on the
coastal plain north of Perth, in low heath on sandy soils in
the coastal belt at Cockleshell Gully Reserve (1973, 1974,
Chapman ef al. 1977). However, it was not recorded in
more southerly (Kitchener ef al. 1978) or more recent
(Burbidge and Boscacci 1989) surveys on the coastal
plain, although pit-trapping was not deployed in the
former study. The most likely habitat for the species on the
Boonanarring Nature Reserve would appear to be the
dense heathfands on sandy soils in the eastern section,
although it may also be sparsely distributed in Banksia
woodland. If S granulipes is present, the reserve would
provide additional unalienated habitat in the westernmost
part of the species’ geographic range.

Bamford’s (1985) record of fsoodon obesulus near
Mooliabeenee, on available data, is the northernmost
record of this species in the south-west, although sub-
fossil records extend further north (Strahan 1995).
Shortridge (1909) in Kitchener ef al. (1978) stated that
I. obesulus extended as far north as the Moore River,
although it was scarce in that area. More recently, the
species was recorded on the northern Swan Coastal Plain
as far north as Wanneroo and Yanchep National Park in
1977/1978 and 1988; here, it was found to inhabit
predominantly thickly vegetated damp situations, typically
dense shrubland of Melaleuca and Kunzea ericifolia over
low heath and sedgeland (Kitchener er al. 1978; Burbidge
et al. unpublished). On the Darling Range near Perth, the
species was reported to inhabit dense riparian vegetation
(Dell 1971; Dell and How 1988). There appears to be very
limited suitable habitat on the reservet o suppart

1. obesulus and thus its occurrence seems unlikely.
However, a permanently moist area supporting Melafeuca
woodland and sedgeland in the upper reaches of
Boonanarring Brook warrants further inspection.

An interesting absence from our list is Rattus fuscipes.
Similarly, the species was not detected near Mooliabeenee
by Bamford (1985, 1986) and within Yanchep National
Park it is now restricted in occurrence (Burbidge et a/.
unpublished) despite its having once been common at this
latter site (How 1978). Another recent survey (Ninox
Wildlife Consulting 1991) failed to detect this species in
John Forrest National Park on the Darling Scarp near
Perth. Previously, we have found the species to be readily
trappable in pit-traps near Cervantes (Burbidge and
Boscacci 1989). Its absence, specifically from our sites at
the base of the Gingin Scarp, suggests that immediately
north of Perth the species may be restricted to the Coastal
Plain and possibly declining.

Management Issues

In recent years, two major activities causing deterioration
of the conservation valucs of the reserve have been gravel
mining and wood cutting.

Gravel has been removed from several parts of the
reserve on several occasions during recent years. Gravel
mining and construction of roads within the reserve for the
extraction of gravel has left problems of rehabilitation.
Gravel has been extracted from the reserve with little
apparent regard for hygiene precautions to prevent the
spread of dieback (Phytophthora) and with little apparent
regard for the conservation status of the land. Some such
areas need to be rehabilitated to CALM and Main Roads
Department standards.

Wood cutting for housing, fencing, etc., has occurred
in the area since early this century (R. Roe, personal
communication). However, wood cutting has continued
into recent times, resulting in the creation of numerous
tracks with no regard whatsoever to conservation values.
Most recent wood cutting appears to have been for
firewood and occurred in winter, when the risk of the
introduction and spread of dicback is greatest.

Management will need to address the issue of
rationalizing the track system which has become excessive
as a result of gravel mining and wood cutting activities. It
may be appropriate to mechanically rip some tracks to aid
in revegetation and reduce internal fragmentation in the
reserve.

A major management problem on this reserve relates
to the control of fire. Given the very high conservation
values of the reserve, particularly for flora, fire
management must be a high priority (Harris 1995). In
relatively recent times, large segments of the reserve have
been burnt with little apparent regard for possible
implications concerning the conservation values of the
area. For the area to be managed adequately with regard to
fire, planning needs to take into account the need to
contain fires to a manageable area and to ensure that entire
habitat types are not burnt at the one time. From studies at
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nearby Mooliabeenee and near Cataby, some small ground
mammals (Sminthopsis, Tarsipes) have been shown to
prefer long (> 10 years) unburnt vegetation (M. J. Bainford
personal communication), and it is possible that
populations of small mammals might not be maintained in
the long term in the face of more frequent burning,.
Recently burnt arcas can be colonized, but only if there is
a population in a ncarby long unburnt area.

Management needs to continue to take into account the
presence of the declared endangered and priority flora and
fauna species present. Much research needs to be done on
the effects of firc on rare speciecs and communities, but for
a number of species, suflicient knowledge is alrecady
available to guide management. For example, Grevitlea
saccarta is known to be killed by fire, and therefore areas
containing this species need to be managed accordingly.
Such occurrences should also be taken into account in any
review of the track system (and therefore ftre breaks/
access), to minimize the risk of unnccessary burning of
G. saccata populations. Research nceds to be undertaken
on the appropriate fire regime for this species.

It is unknown to what extent feral animals may be a
problem, but they are unlikely to be a problem for the
restricted Vermicella calonotos, as (his specices is fossorial.
Foxes may well be a problem for small ground mammals
in particular, and fox baiting could be considered as a
management option in the future, as a reserve of this size
should be capable of maintaining viable populations of
small mammals in the absence of foxes. While some weed
species were detected during our survey, none appears to
be a serious problem at present, and virtually all are
confined to tracks and cdges except in the Boonanarring
Brook head-waters, where weeds were apparently
introduced by marijuana cultivators. The situation should
be monitored, and action taken if weed invasion increases.

Some areas, particularly along Boonanarring Brook,
may be susceptible to invasion by Phytophthora, as many
susceptible specics are present in the area and the climate
is suitable for dieback disease.

Consideration of the issues discussed above highlights
the need for 2 management plan for this highly significant
réserve.

RECOMMENDATIONS

I. Because of the very high conservation value of the
reserve, particufarly with regard to flora, it is strongly
recommended that it be reclassificd from ‘C’ Class to ‘A’
Class Nature Reserve. Water reserve A 22602 and the area
around the head of Gingin Brook should be included in the
nature reserve.

2. Rationalization of the system of roads and tracks and
rehabilitation of some tracks is required.

3. A fire management plan, which takes into account the

known high conservation values of the reserve, is required.
Such 2 plan should include some areas in which burns are
not planned. Further research is needed on species such as
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Grevitlea saccata which are killed by fire, to determine
appropriate fire regimes.

4. Areas mined for gravel require adequate rehabilitation,

5. Permanent vegetation quadrats (10 m x 10 m) should be
established within cach vegetation type to asscss the
effects of long-term change, including the effectiveness of
management practices.

6. A management plan, taking into account the high
conservation values, should be prepared for the reserve.
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APPENDIX 1
Descriptions of vegelation and soils ot each somple site on Boononarring Nalure Reserve.

Quodrat 1

Open woodland A of Eucalyptus colophyllo and Nuyisia floribunda with occasional E. todtiana over open scrub of
Aflocasuarina humilis, Jacksonia sternbergiana, Hakea tifurcota, Xonthorthoea preissii and Adenanthos cygnorum over low
heath C of mainly Colothomnus sanguineus and Banksia candoffecno over low sedges and herbs.

Light grey sand over brown sand on westem facing gentle slope.

Quadrat 2

Open low woodland B of Bonksia menziesii, B. attenuato, B. prionotes, Eucalyptus todlianc and occasional E. fane-poolei
over low heath C of Acacio lasiocarpa, Conospermum stoechadis, Calothamnus sanguineus ond Xanthorrhoea preissii
over low sedges and herbs with occasional emergent Jocksonia stembergiana and Allocasuarina humilis.

Dork redbrown sand over laterite on western facing slope.
Quadrat 3
low woodland A/B of Banksia menziesii and B. ottenuata with occasional B. grandis, Eucalyptus todliana and Nuytsia

floribunda over low heath C of Xanthorrhoea preissii, Stirlingia fatifolio, Banksia candolleano, Aflocosuaring humilis with
emergent Adenanthos cygnorum and Jjacksonia floribundo over low sedges and herbs with patches of bare ground.

Yellow sand over dark brown coarse sand in genlly undulating topography.
Quodrot 4

Open low woodland B of Banksic menziesii and B. offenuata with occasional Eucolyplus todtiana over low heath C of
Hibbertio hypericoides, Eriostemon spicatus, Petrophile ericifolia and Xanthorrhoea preissii over low sedges and herbs.

Yellow-grey sand over laterile in gently undulating topography.
Quadrat 5

Llow woodland A dominated by Eucolyplus marginate with occasional E. colophylio, E. todtiona and Banksia grandis over
open low scrub A of Xanthorrhoea preissii and Acocio sp. over low heath C/D.

Brown sandy loam over laterite and loterite over block rich sand in very gently undulating lopography.

Quadral 6

Scrub of Allocasuorina humilis, Adenothos cygnorum and Hakea trifurcata with emergent low, Eucalyptus decurva and F.
todtiana over low heath C of Xanthorthoea preissii, Calothamnus sanguineus, Petrophile spp., Hokea spp. and
Allocasuarina humilis over low sedges ond herbs.

Grey sond over Iaterite on ihe crest of a hill.
Quadrat 7

low woodland A of Eucolyplus marginata and E. calophylla over dwart scrub C of Petrophife ericifolia, Xonthorrhoeo
preissii and Acacia pulchello over low heath D of Hibbertia spp., Hokea spp., and very open low sedges and herbs.

Deep yellow loamy sand over 2 laterile on genile easierly slope.

AFPENDIX 2

Description of irap loyout used in the assemblage survey at the Boonanarring Nature Reserve, March 1986.

Pitfall iraps [12.5 x 60 cm PVC tubing) were arranged 10 m apart in lines. A flywire drift fence (30 cm high} was ploced
between all pils and ocross the top of every pit in the line. At each of Sites 1 to 4 o line of 6 pils and 2 lines of 3 pits
were laid out. The lines of 3 pits were about 50 m apart and these lines were 100-150 m from the line of & pits ot each
site. Site 7 had 2 lines of 6 pits, 150 m aparl.

Sites 5 and 6 [hord lateritic surfaces) had Ihree lines of medium Elliott iraps {32 x 10 x 8 cm, Elliott Scientitic Company,
Upwey, Victorio} with a space of 10 m between trap locations in a line. At each sile, one line hod a drifi fence lidentical to
those used for the pits) ploced on o 30 cm wide scrape that had been made through the vegetation with o ‘Rakho’ [a hand
implement with features of a rake and a hoe]. Traps were placed at each end of this fence and, ot 10 m inlervals afong the
fence, trops were placed on alternate sides of the fence, facing in opposite directions. The fenced line Iherefore had ten
fraps al six locations along the fence. The second line hod ten traps placed ot 10 m intervals along o scrape similar to that
at the first line, but withoul the fence. The third line consisted simply of ten traps placed at 15 m intervals. All Elliol traps
were boited with a standard mixture of peanut butter, honey and rolled oats.
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APPENDIX 3
Western Australion Museum accession numbers of repliles and mammals collected on the Boonanarring Nature Reserve.

Frogs
Myobalrachus gouldii R 1694647
Heleioporus eyrei R 49465

Repliles
Crencdactylus acellatus R 594640
Aprasia repens RQQ4645, 1194638
Delme froseri R 194634, 794635 1594641, 1494642, 1994639
Pletholox gracilis R 894649
Pygopus lepidopodus R 694636
Cryptoblepharus plagiocephalus R 1294646
Clenotus fallens R 1894643, 2094654
lerista distinguenda R 394650
terista praepedita R 1094655
Morethia obscura R 1394637
Tympanocryptis adelaidensis R 294648
Vermicello bimaculata R 2294653
Vermicefla colonolos R 2394652
Vermicello semifasciata R 2194644
Nolechis curtus - R 17904656

Mammals
Sminthopsis griseoventer M 25676, M 25677, 25678, 25679
Tarsipes rostatus M 25697, 25698
Pseudomys olbocinereus M 25699
Mus domeslicus M 25700 (5 specimens|
Nyctophilus gouldi M 25680
Nyctophifus geoflroyi M 25675
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APPENDIX 4

Allan H. Burbidge ef al.,, A biological survey of Boonanarring Nature Reserve

List of vascular plants found on Boonanarring Nature Reserve and water reserve A22602, showing occurrence at each sample
site or os opportunistic collections. Order and nomencloture follows Green (19835). Introduced/naluralized species are
denoted by an osterisk [*). Initiols denote collectors: AB = AH. Burbidge, ASG = A.S.George, BM = W. Muir,
EAG = E.A. Giiffin floristic site records {Griffin 1994 and E.A Griffin personal communication), GK = GJJ. Keighery,
JA =]J. Alford, [R = |.L. Robson, MB = M. Brooker, RR = R, Roe and WA Naturalists Club, SH = S.0. Hopper. Records with
inilicls only represent sight records. For descriplions of sites see Appendix 1.

NAME COLLECTION SITE OFP.
NUMBER L 2r Bl A &5 & & COIL.
LYCOPCDIACEAE
Phylloglossum drummondii Kunze GK13274 +
SELAGINELLACEAE
Selaginefia gracillima (Kunze) Alston GK14317 +
SCHIZAEACEAE
Schizoea fistuloso Labill. GK10254 + o+ +
ADIANTACEAE
Chetlonthes ausirotenvifolia JA +
H. Quirk & T.C. Chambers
DENNSTAEDTIACEAE
Preridium esculentum [G. Forster) Cockayne JA +
ZAMIACEAE
Moacrozamio riedlei [Fischer ex Goudich.) C. Gardner JA + +
JUNCAGINACEAE
Triglochin celciirapo Hook, A +
Triglochin centracarpa Hook. JA +
Triglochin minutissimo F. Muell. JA +
POACEAE
* Airg coryophyliea L. JA742 +
Amphibromys neesii Steud, GK14318 +
Amphipogon omphipogonoides |Steud ) Vick. CK14319 +
Amphipogon loguroides R. Br, GK14320 +
Amphipogon turbinotus R. Br. AB/CK +
* Briza moxima L. JA +
* Briza minor L. JA +
Darnthonia occidentolis Vick. GK10266 +
Eheharta fongifiora Smith RR +
Friachne ovata Nees GK10269 +
Microloena stipoides [labill.) R, Br. GK11068 +
Neurachne alopecuroidec R. Br. GK11065 + o+ o+ + +
* Pentaschisius airoides (Nees) Stapf GK10278 +
Poa drummondiana Nees IA752 +
Polypogon teneflus R, Br. GK10277 +
Stipa elegontissima Labill. JA +
Stipa mocalpinei Reader 1A720 + +
Stipo pycnostachye Benth, GK11097 +
Stipa trichophylic Benth. JA +
* Vulpia myuros {L.} C. Gmelin JA +
CYPERACEAE
Boumeo ariculaia (R. 8r) S.7. Blake SH +
Causlis dioica R_ Bt JA368,382,738 + + o+
Chorizandra enodis Ness JA +
Cyathochoeta avenacea Benh, EAG +
Cyperus tenelus L. |. GK14321 +
Gahnia 2lanigera R. Br.) Benlh, GK14322 +
Isolepis marginata {Thunb.} A. Dierr. GK10267 +
Iselepis stefiata (C.B. Clarke) K.L. Wilson GK 11094 +
lepidosperma angusiatum R. Br. JA177,244,499 + + + o+ 4+
312,362
lepidosperma longitudinole Labill. EAG +
lepidosperma scabrum Nees EAG +
lepidosperma Zsquomotum Labill. JA266,378 + 5
lepidosperma tenve Benth. JA258,355,383 + o+ o+
Mesomeloena pseudostygia (Kuek .} KL Wilson JA384,298 + o+ o+ +
Mesomeloena graciliceps |C.B. Clorke} K.L. Wilson GK10044 +
Mesomelaena tetragona [R. Br) Benth, JA225, 358 + o+ + o+
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Appendix 4 {continued)

NAME COILLECTION SITE OPP.
NUMBER ] 3 6 COill.
Schoenus caespititius W. Fitzg. JA315,GK + + +
Sehoenus clondestinus S.T. Bloke AB/GK +
Schoenus curvifolius (R. Br.] Benth. JA314,315 + +
GK10246
Schoenus efoliaius R, Br GK11064
Schoenus pedicifiotus (R. Br.} Benlh. GK14323 et
Schoenus pleiostemoneus F. Muell, JA219,347 + +
Sehoenus rigens S.T. Blake GK
Schoenus subflavus Kuek A +
Tetrorio capiflaris [F. Muell.) ). Black GK11091 o
Tetroria oclandra {Nees) Kuek. GK
RESTIONACEAE
Alexgeorgeo nitens [Nees) Johnson & Briggs n215 + +
Ecdeiocolea monostochya F, Muell. CK +
Harperia fateriflora W. Fitzg. EAG +
Hypolaena exsvica R. Br. JA218,371 +
lepidobolus preissionus Nees JA3GQ +
leptocarpus 2coongusiaius Nees ABAOSLO *
tepyrodie muiri F. Muell. A
Loxocorya “aspers’ Johnson & Briggs JA215,350,368 +
loxocoryo cinerea R. Br. A +
toxocarya fosciculata [R. Br) Benlh. GK +
loxocaryo 'lateritica’ Johnsen & Briggs EAG +
lyginic borbasa R. Br. IAGK + +
Onychosepolum faxiflorum Sieud, EAG +
Restio "microcodon’ Johnson & Briggs AB +
Restio ‘sinuosus’ Johnson & Briggs EAG +
CENTROLEPIDACEAE
Aphefia cyperoides R. Br. JA
Centrolepis oristota [R. Br.] Roemer GK +
Centrolepis pilosa Hieron, GK11142 +
Centrolepis polygyne R_ Br) Hieron. CK11892 +
PHILYDRACEAE
Philydrefle pygmaoeo (R, Br) Carvel EAG +
DASYPOGONACEAE
Acanthocerpus preissii (ehm. JA
Calecigsia cyaneo R. 81, JA268 + +
Dosypogon obliquifolius Lehm. ex Nees +
lomondre coespitosa {Benth.] Ewad JA181,163
lomondro hestifis (R, Br.} Ewarl EAG +
lomandra hermophrodita (C R.P. Andrews} C. Gardner GK + + +
lomendra aff. micrantho {Endl.) Ewarl GK iz
lomandra preissii [Endl.) Ewarl GK10052, |A180 + + +
lomandra serices Endl.} Ewart JA163 * + +
lemandre suaveolens (Endl.} Ewarl EAG +
XANTHORRHOEACEAE
Xanthorthoea drummondii Harvey JA,GK - + +
Xanthorihoes preissii Endl, JA +
PHORMIACEAE
Bianella revolute R. Br. JA
Typandra imbricota R. Br. JA332
ANTHERICACEAE
Amociinum preissii Lehm. GK +
Arthrapodium copillipes Endl. GK +
Arthropodium preissii Endl. CK +
Boryo constricia Chuyrchill AB4269 +
Borya scirpoiden Lindl, 1A +
Boryo spheciocephalo R. Br AB 4040 +
Chomoescilla corymbosa {R. Be] F. Muell. ex Benth JA7 14
Caesia micrantha Lind]., JA +
Coesio occidentalis R. 8. GK10030 +
Corynotheca micrantho (Lind|.| MacBride EAG +
Johnsonio pubescens lindl 1A216,310 + +
toxmannia omniferilis G . Keighery 1A395 + +
toxmonpia romosa tindl. CGKBo44 +
texmonnia sessiliflora Decne. subsp. custralis Keighery JA235 + +
laxmannia squorrosoa lind|. CK, JA + +
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NAME COLLECTION SITE OFP.
NUMBER 4, 15 6 Z COlL,
Sowerbaeo laxiflora Lindl, JA +
Thysanalus anceps lindl. EAG +
Thysanotus asper Lindl. GK11970 +
Thysanotus potersonii R. Br. JA +
Thysanalus rectantherus N.H. Briton GK11971,5H5828 +
Thysanolus sporteus R. Br. JA
Thysanolus thyrsoideus Boker f, EAG +
Thysanolus triondrus [Labill.) R. Br. EAG .
Thysanotus sp. [EAG2511) EAG +
Tricoryne elatior R. B, GK10293 + +
COLCHICACEAE
Burchardia muliflora Lind!. SH +
Burchordia umbelialo R. Br. |A392,739 + o+ o+ 4
Wourmteo dioica (R. Br.) F. Muell JA767 +
HAEMODORACEAE
Anigozanthos humilis Lindl. JA338 + o+ +
Anigozonthos monglesii D. Don A +
Anigozanthus pulcherrimus Hook, BM +
Bloncoo conescens Lindl, 1A +
Conosiylis aculeata R. By, subsp. aculecto JALSY +
Conostyfis aurea lind|. JA151,179,376 + +
Conosiylis festuacea Endl. EAG +
Conoshyis setigera R. Br. EAG +
Conostylis juncea Endl. AB 4062 + +
JA159,389
Conostylis teretifolic | W. Green subsp. planescens Hopper JA 226,322
JA147.300 + o+ O+ o+
Haemodorum faxum R, Br. EAG +
Haemodorum foratum T.D. Maclarl, JA + O+ o+ o+
Haemodoum spicatum R. Br. JASO
Haemodorum venosum T.0. Mackarl, EAG +
Phlebocoryo cifiota R. Br. JA753 +
Phlebocaryo filifolia (F. Muell.| Benth. JA754,5H5823 + +
Tribonanthes austrolis Endl. GK +
Tribonanthes viofacea Endl. 1A +
HYPOXIDACEAE
Hypoxis occidentalis Benth JA T
IRIDACEAE
* Gladiolus caryophyllaceus (Burm. .} Poiret 1A,AB4265 + +
Orthrosanthus foxus {Endl.) Benih. AB4222 |JA239 +
Patersonia juncea Lind). ABJA145 +
Patersenia occidenialis R, Br. JA149. 345, VR y:
Patersonia cf. occidentalis R. Br. SH5810 +
* Romuleo rosea [L.) Ecklon GK +
ORCHIDACEAE
Colodenio "arenicola’ Hopper & Brown SH5496 +
Caladenia ‘arenicole’ Hopper & Brown x ‘paludose’

Hopper & Brawn SH5497 +
Caolodenia deformis R. Br, RR +
Coladenic denficulato Lindl. SH +
Caladenia flava R, Br. subsp. flavoa JA158,SH5486 + +
Caladenia gemmalo Lindl. SH s
Coladenia ixioides Lindt, RR +
Coladenio 'paludosa” Hopper & Brown SH5497 N
Coladenia sericea lind!. |A247 + +
Caladenio *splendens' SH 5494 +
Calochilus of. robertsonii Benth. SH +
Corybas obditus D.L. Jones SH +
Diuris corymbosa Lindl. SH.JA235 + +
Drakoeo glyptodon W. Filzg. SHS821 +
Drokaeo livida |. Drumm, RR +
Elythianthera brunonis [Endl.) A.S. George SH5927 +
Elythionthera emarginata {tindl] A.S. George AB4Q6S + 4+
Eriochilus ditatatus Lindl. subsp. ‘multiflorus” {Lindl.) Hopper & Brawn SH +
leporello fimbriota {Lindl.) A.S. George SH,GK + o+ + +
leptoceros menziesii (R. Br] lindl, SH,GK +
lyperanthus nigricans R. Br. JA154 + +
Microlis media R. Br. RR +

* Monadenia bracteato [SW.) T. Dur. & Schinz GK11628 E 5
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NAME COLLECTION SITE OFP.
NUMBER 1 3 34 5 6 7 COIL.
Paracaleana nigrita |Lindl.) Bloxell GK %
Prerostylis all. nana R. Br. SH 3
Prerostylis recurva Benh, JA321,5H +
Prerostylis vittato lindl. JA318 +
Thelymitra ontennifera {Lindi.) Hook. . RR .,
Thelymitra benthamiana H.G. Reichenbach SH +
Thelymitra steflota Lindl, R Roe and M.Honcock +
CASUARINACEAE
Allocasuaring humilis {Otto & Dietr.} L. Johnson JA273, 503 + + T
Allocosuarina microstochya [Mig.) L. Johnson EAG +
PROTEACEAE
Adenanthos cygnorum Diels JA215 + + + +
Banksio ottenvato R. Br. JA 98 e
Banksia burdetti Boke .1 BM +
Banksia chamoephyton A.S. George JA +
Banksia grandis Willd. 1A + + +
Banksia ilicifolia R. Br. JA + +
Banksia littorolis R. Br. JA249,BM +
Banksia menziesii R. Br. JA g
Banksia micrantha A.S. George JA249 BM +
Bonksio prionotes lindl. JA
Bonksia sphaerocarpa R. Br. EAG +
Conospermum acerosum Lindl. JA718, GK10241 +
Conospermum glumoaceum Lindl. AB4039 +
Conospermum incurvum Lindl. GK10237 +
Conospermum stoechadis Endl. JA172, 743
Dryondra bipinnatifida R. Br. |A232 +
Dryondra carlinoides Meisn. EAG +
Dryondra echinata A.S. George JAR%4 +
Dryondro kippistiano Meisn. JA224 +
Dryandro lindleyona Meisn. subsp. lindleyana JA265,292 + + o+ o+
Dryondra sessifis {Knight) Domin A +
Dryandra shutleworthiona Meisn. EAG +
Greviflea saccoto Benth AB40LQ +
Greviflea synapheae R. Br. JA160 B sk
Grevilleo vestita (Endl.) Meisn. JA299 +
Hakea conchifolio Hook. BM JA oy
Hokeo costata Meisn. 1A169,291,346 + +
Hakea erinacea Meisn. JA282
Hakea gitbertii Kipp. ex Meisn, 1A +
Hakeo incrassola R. Br. JA222,270 + +
Hakeo lissocorpha R. Br. JA336 + o+ 4
Hakea obliqua R. Br. GK +
Hakeo prostrata R. Br, JA176,271 + +
Hakeo ruscifofia Labill. JA253 ' F & B ¥ W
Hakea smilacifolio Meisn. JA233 + + &
Hokeo stenocarpa R. Br. JA325 + + o+
Hakeo trifurcata (Smilh) R, 8r. JA250, 282 + ¥+
Hakea varia R. Br. EAG +
fsopogon odenanihoides Meisn. CK10251 +
Isopogon divergens R. Br. 1A773 +
Isopogon lineoris Meisn. AB4227, |A446 + +
tambertio multiflora Lindl. var. multiflora JA226 + +
Persoonia comato Meisn, GK +
Persoonio elliptica R. Br. EAG +
Petrophile brevifolio Lindl. JA394, GK11627 +
Petrophile lineoris R. Br. JA146,349 + + o+ o+ o+ o+
Peirophile macrostachya R. Br. JA342 +
Petrophile media R. Br. JA230, 394 +
Pelrophile rigida R. Br. EAG +
Petrophile scabriusculo Meisn. GK/IA80, + + 4 + +
JA166,372, ABA278
Petrophile seminuda Lindl. CK10925 +
Petrophile serrice R. Br. JA262,385 + + +
Petrophile striota R. Br. JA342,387,506 + + o+ o+ +
Petrophife rifida R. Br. JA38) +
Stirfingia latifofia [R. Br.) Steud. JA354 + + o+ + *
Synapheo petiolaris R. Br. JA352 + + o+ o+
Synophea spinulosa {Burm, ) Merr. JA178,231,280,502 + + o+ o+ o+
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NAME COLLECTION SITE OFP.
NUMBER ) 2] 8" A S & COlL.

SANTALACEAE

leptomeria emperriformis Miq. CK +

leptomearia spinosa IMiq.) A. DC, GK, Ja984 £
OCIACACEAE

Olax scalariformis A.S. George GK10926 +
LORANTHACEAE

Amyema miquelii {Lehm._ex Miq.] Tieghem A +

Nuytsio floribunda (Labill | R. By, JA + + s
POLYGONACEAE

Muehlenbeckia adpresso [tabill.] Meisn. GK, JA *
AMARANTHACEAE

Piitotus drummondii {Moq. | F. Muelt. GK +

Prifotus mangfesii (lindley) F. Muell. ABJA +

Prifotus polystachyus {Gaudich.) F. Muell. AB +
GYROSTEMONACEAE

Gyrostemon subnudus (Nees} Baillon JA363 +
MOILLUGINACEAE

Macorthurio apelalo Harvey EAG +

Macarthuria australis Huegel ex Endl. CKJA +

AB4125

PORTULACACEAE

Cafandrinia corigioloides F. Muell.ex Benth, GK14324 +

Colandrinia gronulifera Benth. GK14325 7

Calondrinia finiflora Fenzl GK14326 +
CARYOPHYLLACEAE
* Cerostium glomeratum Thuill. GKJA +
* Perorhogia veluting (Guss.) P. Ball et Heyw. GK10294 +
* Silene golfica 1. AB4041 4!
RANUNCULACEAE

Clematis pubescens Huegel ex Endl. JA758 +
LAURACEAE

Cassytha flava Nees GK +

Cassytha glabelia R. Br. EAG +

Cassytho pomifarmis Nees JA508 + + +

Cassytha racemoso Nees JA3S57 + +
BRASSICACEAE

Brassica tournefortii Gouan CK11095 +

Stenopeltafum rabustum End|, AB4049 +
DROSERACEAE

Dioseto erythroriza Lindl. JA I T S +

Drosera gigantea lindl. A +

Drosera feucoblasta Benth. JA380,AB4047 + + o+ +

Diosera macrontha Endl. JA390, AB4270 ¥ + ¥ o+ + o+ o+

Drosero menziesii R. Br. subsp. penicifloris {Diels) N.G. Morchonl & A. Llewrie GK14327 + +

Drosero neesii lehm GK +

Drosera pulchella Lehm. SH5809 +

Orosera stolonifera Endl. GK +
CRASSULACEAE

Crassulo colorata (Nees| Ostent. CK, JA +

Crassula exserto [Reader) Ostent. GK e
* Crassvla natons Thunb. GK/IA87 +
PITTOSPORACEAE

Biflordiera sp. JA +
MIMOSACEAE

Acacia alala R.Br. var. telrontho Maslin GK +

Acacio opplanata Maslin JA157,161 + +

Acacio barbinewvis Benth. subsp. boreolis Maslin GK, JA +

Acacia clydonophora Maslin 1A236,369 + + +

Acacia colleticides Bemth. GK, IA + +

Acacio cummingiana Maslin EAG +

Acacia drummondii lindl. subsp. elegons Maslin 1A246 +

Acacia lasiocorpa Benth, var. lasiacorpa JA278 +

Acacio puichefla R. Br. var. pulchelia JA148,242 + s I
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NAME COLIECTION SITE OPR.
NUMBER 3 e 7 COLL.
Acacia pulchefla R. Br. var. reflexa Maslin JA238,337 + +
Acacia safigno (labill } H.L, Werdl. CK10243, JA +
Acacio sphacelaio Benih, EAG +
Acacio stencplero Benth, GK10037 +
Acacia telragonocarpo Meisn, GK10029 + ¥
Acacia willdenowiana H.1, Wendl, JA182,391 + +
PAPILIONACEAE
Aotus gracillima Meisn. 1A784 +
Aolus procumbens Meisn, JA769 4
Bossicea ericcarpo Benth, JA284 + o+ o+
AB4226, 4229
Bossicea ornala (lindl.) Benih. JA,AB4273 +
Doviesin ongufata Benth. JA25S, 807
Doviesia  decurrens Meisn. JAL74 +
Doviesia divaricata Benth. JA183, AB4274 + o+
Deviesio gracilis M.D. Crisp JA257
Doviesia incrassaia Smith JA31Q
Daviesia inflata M.D. Ciisp JA
Doviesia nudiffora Meisn. JA237, 398 + + +
Doviesia physodes A. Cunn. ex Don JA, EAG + +
Doviesic 2 preissii Meisn. JA225
Daviesia ¢ stiole Turcz. GK
Doviesia iffora M.D. Crisp JA334 + o+ +
Gosirolobium spinosum Benth, AB +
Gompholobivm aristatum Benlh GK + +
Gompholobium confertum {DC ) M.D, Crisp JA304 AB4277 + 4+
Gompholobium knightianum Lindl. JA240,AB4225 # o e + +
Gompholobium marginaium R. Br 1A496 +
Gompholobium polymorphum R. Br. EAG +
Gompholobium preissii Meisn. GK +
Gompholobium scabrum Smith AB4224 +
Gompholobium tomentosum Labill. JA370 +
Hovee stricta Benth. JA328
Hovea trisperma Benlh. JA309 + +
Isotropis cuneifolia {Smith) Benth. AB4275 +
Jacksonio decumbens E. Prilzel EAG +
Jacksonia densifioro Benth. 1A406 +
Jacksonio stembergiono Huegel. JA272,344 +
Jocksonio ulicino Meisn. 1A +
Jacksonio restivides Meisn. EAG +
Jacksonia sp. AB
Kemnedia prostrata R. Br. JA152,323 + +
Mirbelio difatata R. Br. GK +
Mitbelio off. microphylla {Turcz.| Benth. AB4223
Mirbelia trichocolyx Domin. JA221, 283
Nemcia copitatum {Berth.) M.D. Crisp CK, JA780 + 4 +
Nemcio parvifforum [Benth } M.D. Crisp GK +
Nemcia reticulotum (Meisn.} M.D. Crisp 1A295,301,311 + o+ o+ +
Sphaerolobium macronhum Meisn, GKI0511
Sphaerolobium medium R, Br. AB4272, 4276
Sphaeralobivm 2 vimineum Smith SH5807 +
Templelonia bilobo {Benth.) Polh. GK +
* Trifofium angustifolium . CK11069 +
* Trifolium campestre Schigber GK
* Trifofium cernuum Brot, GCK19295 *
* Trifofium dubium Sibth. GK11090 +
Viminaria junces [Schrader & Wend|.} Hoffsgg. A +
GERANIACEAE
* Erodium ciculerium (|.J I'Her GK18291 +
Eradium cygnorum Nees GK +
Pelarganium litasole Huege GK11093 +
OXALIDACEAE
Oxalis perennans Haw. R +
RUTACEAE
Boronia mofloyae |. Drumm. 1A164 + +
Boronia purdieona Diels BM +
Boronia ramosa (lindl.) Benth. JA287,164 +
subsp. anathifofie (Bortling) Paul G. Wilson
Boronia scabra Lindl. EAG +
Eriostemon spicalus A, Rich. JA305,AB4271 4+ o+ g
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NAME COLLECTION SITE OFPP.
NUMBER ¥ 2 gl 4 (Sl 74 COlL..

TREMANDRACEAE

Tetratheco alf. hirsuta Lindl. JA153 +
POLYGALACEAE

Comespermo acerosum Sleelz. EAG +

Comesperma cilialum Steelz JA,AB4212

Comesperma fiavum DC. CK +

Comesperma virgatum Lobill. CK,SH5816 +
EUPHORBIACEAE

Mornoiaxis grandifiora Endl. GK +

Phyllonthus calycinus Labill. JA245
STACKHOUSIACEAE

Stackhousio pubescens A. Rich. JA223, 708 + o+ +

Triplerococcus brunonis Endl. GK +
SAPINDACEAE

Diplopetiis huegefii Endl. AB +
RHAMNACEAE

Crypiandra glabrifioro Benth. JA.GK10035 +

Cryplandra pungens Sleud. JA168,281 +

Cryptandra scoparia Reissek GK10042 +

Stenanthemum humilis Benlh, CK +

Stenanthemum Hidentatum Sleud. EAG +

Trymalium angustifolivm Reissek GK10290 + o+ + 4+ +

Trymafium ledifolium Fenz! GK *
STERCULIACEAE

Guichenotio sarotes Benth. SH +

Thomasia foliosa Gay JAZ765 +

Thomasio glutinosa Lindl. JA,SH +
DILENIACEAE

Hibberiio acerosa (R Br. ex DC.} Benth JAZ709,AB4266 + o+ + +

Hibbertio cureo Steud, JA331 -

Hibberia crossifolia (Turcz.) Benth, JA264 +

Hibbertio desmophyila (Benth.} F. Muell, EAG +

Hibberlia cf. glaberrima F. Muell. JA +

Hibbertia glomerata Benth, EAG +

Hibbertia aff. helionthemoides {Turcz.) F. Muell. JA497 +

Hibbertio huegelii [Endl.} F. Muell. 1A227,290,302, + o+

316

Hibbertia hypericoides [DC.) Benth. JA289,263,326 + + + + + o+

Hibbertia cf. rhadinopodo f. Muell. AB4219 + + 4 + o+

Hibbertia subvaginato {Sieudel} F, Muell. JA306,317 L

Hibbedtia steflaris Endl. EAG +

Hibbertia vaginaia (Benth.] F. Muell, 717 +
VIOLACEAE

Hybanthus calycinus [DC. ex Ging.) F. Muell. ABJA +
THYMELAEACEAE

Pimelea angustifolia R. Br. JA,AB4218 s

Pimelea suoveolens Meisn. EAG +

Pimelea sulphurea Meisn. GK, JA324,173 + +
MYRTACEAE

Agonis linearifolio [DC.) Schaver JA,SH5806 +

Astartea loscicularis |Labill.) DC. GK,5H5822 +

Boeckea camphorosmae Endl. JA296 + +

Boeckea elegons Schou, EAG +

Boeckeo grandifiora Benth, EAG +

Beaulortio squarroso Schauer JA748 +

Calothamnus loteralis Lindl. GK +

Calothamnus quadrifidus R. Br. JA175 +

Colothamnus sanguineus labill. JA155,276,327 + o+ o+ g &

Calytrix anguloto Lindl. JA + +

Calytrix flovescens A. Cunn. JA379 +

Colyrrix froseri A. Cunn. JA373 + +

Calytrix leschenauftii {Schauer) Benth. M719 +

Calytrix oldfieldii Benth, EAG +

Colytrix strigosa A. Cunn. EAG +

Calytrix sylvana Craven R101 +

Calytsix variobilis lindl. {R426, JA303 + v+ +

Calytrix sp. JA171,333.241 + +
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NAME COLLECTION SITE OFP.
NUMBER 1 2 B8 4 $§ COLL,
Dorwinia ofl. nieldiona F. Muell. GK +
Eremoea asterocorpo Hnetivk AB4063 +
Eremaea paucifiore {Endl.| Oruce JAS09,A84120 + +
Eremaea putpurea (Endl.] Benth. GK
Eucalyptus colophylia tindl, 1A + + +
Eucalyptus decurva F. Muell. JA267 MBS391
Eucalyptus drummondii Benth. SH +
Eucalyptus lone-poolei Moiden 1A269 + +
Eucalypius marginota Donn ex Smith subsp. marginata A + +
Eucalyptus morginota Donn ex Smith subsp. thalassico Brooker & Hopper
Eucalyptys marginolo x lodtiana SH +
Eucalyptus wdis Endt, JA.SH +
Eucalyptus todtiena F. Muell, JA3S3 O T T ¥
Fucalypius wandoo Blakely A +
Homalospermum frmum Schauer SHS580S5, JA751 +
Hypocolymmo ongustifolium Endl. JA,SH5808 +
Hypocolymmo linifolium Turcz 1A162,234
Hypocalymma xanthopeialum F. Muell. JA307,367 + + o+
Kunzea ‘glbrescens' Toelken JA756 +
Kunzea ‘globrescens’ Toelken x recurve Schaver SH5826 +
Kunzea "liiicola’ Toelken GK11092 +
Kunzea recurva Schauer SH5825 +
teptospermum erubescens Schaver AB4038 +
leptospesmum spinescens Endl. JA261,308 + o+ 4+
Melalevco aceroso Schauver JA744 +
Meloleuca ciliose Turcz. EAG +
Melaleuca preissiona Schauer SH +
Meleleuca radula Lind|. EAG +
Meloleuce rhophiophyllo Schaver CK +
Melnleuca att. scobro R. Bi. SH +
Melalevca serisla Lindl. CK +
Melboleuca trichaphyflo Lindl, AB/GK +
Melaleyca off, vrceolaris F. Muell. ex Benth. JA397,AB4216 + +
Pericatymma eflipticum (Endl.) Schover GK +
Pileanthus filifolius Meisn. CK +
Regelia ciliata Schaver JA757 +
Scholizia involuciato (Endl.) Druce IA,BM +
Verlicordia acerosa lindl. AB4215 +
Verlicordio blepharophylia A'S. George EAG +
Veriicordia densiffora Lind|. BM +
Verticordia drummondii Schou, EAG +
Verticordio nitens {lindley} Endl, |AZ74 +
Vedicordia nobilis Meisn, GK,SH,LR500, +
JA745
Verticordia poludosa A.S. George JA399
Vedicordio plumosa {Dest ) Druce GK +
Verticordio pennigera Endl. EAG +
HALORAGACEAE
Glischrocaryon aureum |lindl.) Orch. GK +
Gonocarpus pithyoides Nees JA762,GK +
APIACEAE
Eryngivm pinnatifidum Bunge GK +
Hemalosciodivm homefecarpum (F. Muell} H. Eichles GK
Hydrocolyle collicarpa Bunge AB4267 +
Hydrocotyle dionitia DC. GK +
Hydrocotyle pilifere Turcz. GK +
Plorysace ramosissima [Benth.} C. Narman GK11143 +
Trachymene omoto (Endl} Druce GK +
Trachymene pilosa Smilh JA,AB4118 +
Xarwhosia cifiolo Hook. GK10286 +
Xenthosia huegefii {Benih.) Steud JA,AR4214 * e B 3 %
EPACRIDACEAE
Andersonia heterophylla Sond. JA +
Andersonio lehmanniana Sond. J1A217,254,275 TN T
Astroloma 2 ciliotum {lindl ) Druce JASH + +
Astroloma glaucescens Sond. JA165,170,386 + o+ o+ +
GK8041
Astroloma macrocalyx Sond. GK +
Astoloma microdonta . Muell. ex Benth, EAG +
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NAME COLUECTION SITE OFP.
NUMBER 1 4 COLL.
Astrolomo pollidum R. Br. JA,AB4213
Astrolomo stomarrheno Sond. GK10050 + +
Astroloma xerophyllum {DC.) Sond. CK +
Astroloma sp. {red flower, hairy leaves) GK
Conostephium minus lindl. GK10256 +
Conostephium pendulum Benth. JA377,256 + +
Conoslephium preissii Sond. GK8045 +
teucopogon offittii F. Muell. JA348 +
Lleucopogon australis R. Br. SH5813, JA761 +
AB4119
{eucopogon conostephioides OC. GK10047 + +
Lleucopogon gracillimus DC. JA243,772
{eucopogon feptonthus Benlh. EAG +
levcopogon nutans E. Pritzel GK10041 +
teucapogon oldfieldii Benth. JA150,184 + +
228,274,396
teucopogon oliganthus E. Prilzel GK10034 +
leucopogon oxycedrus Sond. EAG +
levcopogon alf. pendulus R. Br. JA +
tevcopogon polymorphus Sond. JA +
levcopogon propinquus R. Br, EAG +
leucopogon racemulosus DC £AG +
{eucopogon sprengelioides Sond. GK10032,10033 + +
JA396
teucopogon sp. JAR88 +
tysinema ciliatum R. Br. JA252,356 + +
lysinemo elegons Sond. EAG +
Styphelia tenviffora Lindl. GK10039 +
PRIMULACEAE
* Anagallis arvensis L. vat. caenlea Gouan JAAB +
LOGANIACEAE
loganio serpyliifolio R. Br. GK11047
Mirrasocme paradoxa R. Br. AB +
CHLOANTHACEAE
Pityrodia bortlingii [Lehm.) Benth. JA
LAMIACEAE
Hemiandra pungens R. Br. GK +
SOLANACEAE
* Solanum nigrum L. JA,AB +
OROBANCHACEAE
* Orobanche minor Smith JA,GK 4
LENTIBULARIACEAE
Polypompholyx multifido (R. Br.) f. Muell. AB4058, JA +
Polypompholyx tenella R. Br) lehm. AB40OS9 +
Utriculoria violacea R, Br, CK +
Utriculario volubilis R, Br. GK +
RUBIACEAE
* Gatium divaricatum Pourret ex. lam., GK11645 +
Operculario vaginala Labill. EAG +
CAMPANULACEAE
* Wabhlenbergio capensis (L.} A. DC. JA +
Wabhlenbergio preissii Vriese GK +
LOBEUACEAE
Isotoma hypocrateriformis (R. Br.) Druce GK +
lobefia thombifolia Vriese GK11046 +
lobefia tenvior R. Br. GK 5
GOODENIACEAE
Dompiera olota lindl. GK10236 +
Dompiero carinata Benlh, EAG +
Dompiero linearis R. Br. GK +
Dompiero oligophylla Benth, GK11096
Goodenia caervleo R. Br. EAG +
Goodenia convexa Carolin GK11897 +
Goodenio micrantho Hemsley ex Carolin GK +
Goodenia mooreano Krause GK
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Appendix 4 [continued)

NAME COILLECTION OFPP.,
NUMBER i 2 B 6 7 COlL.
Goodenia puichella Benth. GK11575 +
techenoultia bilobe lindl. JA286,779 + + o+
lechenaultio floribundo Benih. EAG +
lechenoutlio sterosepola E, Pritzel CK11967 +
Scaevola colliptero Benth, AB +
Scaevolo canescens Benth, GK JA335,364 LA +
Scaevolo glandulifera DC CK11969 +
Scoevola repens Viiese var. repens JA3S0 +
Scoevolo stiaia R, Br. Jr-val +
Verrauxia reinwordiii {Viiese) Corolin GK +
STYUDIACEAE
levenhookia dubio Send. EAG +
Levenhookia pauciflora Benlh, ABAQS1 +
tevenhookia pusiflo R. Br. AB4 124 +
levenhookia sp. AB4125 +
Stlidium adpressum Benlh. AB4046,4123 + +
Stylidium albo-litaciaum (Erickson & Willist Lowrie & Corlquist ABAQG4 +
Swlidium breviscapum R. Br. 1A405 + o+ +
Swiidium brunonianam Benth AB4033 JA156 I N ¥ o
Shlidium bulbiferum Benth. iA +
Stylidium cefcorolum R. Br. AB +
Stylidium carguisti lowrie AB4 126,4037 +
1A248,279
Shlidium 2 dichatomum DC. ABJA3S? 366 . & & + o+ +
Siylidium diuroides Lind|. AB4045,4121 +
Shidivm cf. diuroides lindl. AB4052 +
Stytidium junceum R. Br. AB4029 +
Shlidium leptocalyx Sond. AB4032 +
Siylidium leptophylium DC. EAG +
Shlidium miniotum Mildbr. AB4042,4044 + o+ -
Shidium pififerum R. Br. EAG +
Stylidium pycrostachyum lind|. EAG +
Shlidium repens R, Br. JA726 + + +
Swfidium alf. thynchocarpum Sond AB4228 +
Stylidium schoenoides DC. AB40S50 +
ASTERACEAE
¥ Arctotheca colendulo (L) Levyns JA +
Asteridea pulverulenio Lindl. CK +
Blennospora dummondii A, Gray 1A734 +
Brachycome iberidifolia Benth. JA730,AB4048 + +
Cotvlo coronopifofia L. AB4122 +
Gnephosis pusifia {Benth.) End!. GK +
Grephosis tenuissima Cass. JAZ35 +
Gnephosis trifida {Short) Shor EAG +
Hefipterum manglesii {Lindley) F. Muell ex Berth. AB4034 +
Hyalesperma cotula [Renlh.) Pavl G. Wilsen AB4030,4035 +
JA710
* Hypochoeris glabra L. JAB04,737
tagenifero huegelii Benth AB4057 SH5819 +
A7
Millotia myosetidifolia [Benth.) Steetz. AB4043 +
Millotia senuifolic Coss. 1A733 +
Olearia elaeophila [DC J F. Muell. ex Benth. GK +
Olecria pavcidentota (Steetz) F. Muell, JA -
Clearia rudis (Benth ) F. Muell. ex Benth. JA330,402 +
FPithocorpa achifleotdes P. Lewis & Summeth, IA343,507 + + +
Pedolepis grocilis {lehm ) R.A. Graham ABA4QHS
Podatheca angustifofia [Labill.} Less. JA722 +
Podoiheca chrysoniha (Steelz} Benth. GK11067,10454 +
Podotheca gnaphalioides R.A. Graham JA736,AB4036 + o+
Psevdognaphafium lstec-etbum (L.} Hilliard & B.L. Bunt CK +
Pterochoeta poniculaio Steetz. JA393.732,AB406 1 + o+
Quinetia urviflei Cass. 1A731,GK S
Senecia hispidulus A. Rich, GK +
Sifoxerus humifusus Labill. FAG +
* Sonchus asper Hill JAZ760 +
* Tolpis borboto (L.} Goertner GK10268 +
* Ursinio anthemoides (L) Poirel IA713,723 +
AB4031
Waitzia citrino [Benth.) Sleetz AB4217 +
Woitzio sucevolens (Benth.j Druce JA721 +
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APPENDIX 5
Notes on individual mammal species recorded on Boonanarring Nalure Reserve.

Small mammals, other nolive ground mammals, bats and introduced mammals are discussed separately. Within each grouping
taxonomic ordering and nomenclature follows Strahan {1995).

Small Mammals

Three native and one introduced small mammal species were trapped. Appendix 6 lists the total numbers of individuals of each
species captured from individuo! raplines at each sample site.

Sminthopsis griseoventer Grey-bellied Dunnart

This species was captured only ot Sites 1 and 2, af the base of the Gingin Scarp.

No animols were reproductively active. One adult femole (13.5 gjhad a stained pouch and slightly distended teats suggesting she
had reared pouch young some time prior to capture. The other female (9.5 g} oppeared to be a su()odult with an undeveloped
pouch ond minute teats.

Males ranged in weight from 9.5 to 11.5 g. An examination of the skulls extracted from 4 specimens {(listed in Appendix 3)
confirmed that these were oll sub-aduls.

Tarsipes rostrolus Honey Possum

Heney possums were caplured only on sandy substrates in the study area, at Sites 1 and 2 (low Heath} and ot Sites 3 and 4

{Banksia woodland) {Table 7).

Six females {with o mean body weight of 11.3 g} had pouch young. Another wo (7.5 gl each had distended teals and relaxed

pouches indicative of having recently carried pouch young. Eight females {ranging in weight from 6.0 to ©.7 g) showed no pouch

development. We assume these to include non-parous subadults and possibly animals in early stages of pregnancy.

Each femole carrying young had o least 2 pouch young. When a pouch was checked for the presence of young, only those young

which were visible after sirefching the pouch open were counted. Young were not removed from the pouch because it has been found

Ereviously that they are difficult to replace and this procedure is time-costly when trop success is high. It has also been observed from
olding females for shor periods after capture, that on occasions when young have been removed, counted and replaced, they were

found outside the pouch again shortly afterwards. It seems likely that this would cause increased mortality of pouch young i females

were releosed immediately in the field.

All pouch young were hairless and ranged in size from 0.4 am to approximotely 1.5 ¢m (crown-rump measurement).

Males ranged in weight from 5.3 to 7.0 g. Scrotal length measurements suggested o least eight were adults {sexually malure| {see

Renfree et of. 1984; Burbidge and Boscacci 1989}

Pseudomys albocinereus Ash-grey Mouse

Pseudomys albocinereus was widespread on the reserve, with captures at all sites excepl Site 7 {Table 7). It was the only native
species caplured at Site 6 (Dense Healh on shallow sands over lalerile),

The species was trapped in both Elliott and pitfall traps (Table 7] but insufficient numbers were caplured lo allow statistical
comparisons between sites. However, pooling of pitfall coplures from replicate sites 1 and 2 (9 captures) and Sites 3 and 4 {8
coplures) showed there was negligible difference in trap returns rom Dense low Heath on sand and Bonksio woedland. The species
was present but apparenily uncommon in jarrch {with marri] forest over low Healh on laterite (Site 5).

The thineen females captured {Appendix 6) ranged in weight from 15.510 28.0 g. A proportion (7 of the 13} were classed as sub-
adults, with @ weight range of 15.5 1o 19.5 g. Six were in o heavier weight range [22.0 to 28.0 g). None were lactating,
palpably pregnant or had enlarged teots. These were classed as non-breeding adults, although females in early stages of pregnancy
may also have been present [e.g. ot Cockleshell Gully Reserve, Chapman et of. 1977 recorded pregnant females ranging in weight
from 20.0to 44.6 g). However, we did not collect specimens and cannot confirm this,

The ten males coptured (Appendix &) ranged in weight from 16.5 1o 32.0 g. Only one [32.0 g) showed breeding condition
[descended testes and epididymes). The remainder were classed as sub-adults (5, ranging in weight from 16.5 to 20.0 g) and non-
breeding adulis (4, ranging in weighl from 22.0 10 26.5 g).

Mus musculus House Mouse

This species was widespread in the study area, being defected ot all sites except Site 7 (Table 7).

Only four individuals were captured at Sites 1 to 4 (deep sands) compared with 10 from Sites 5 and 6 [shallow sails on laterite, with
loterite outcropping in places). However, This difference may in part reflect a differenl response to the two trap types used - pitfall traps
{ot Sites 1 to 4) and Elliott iraps [at Sites 5 and &). For example, significantly higher trap returns of Mus musculus from Elliott traps
were recorded in o veriebrate survey of the Great Sandy Deserl in which some simulianeous Elliott and pit trapping was undertaken in
similar habitats (McKenzie and Youngson 1983,

Five females were captured {Appendgix 6) and ranged in weight from 8 5 1o 14.5 g. Internal examination of wo specimens showed
that one {11.7 g) was pregnant and one was nen-parous. One juvenile was coplured.

The nine males captured (Appendix 6} ranged in weight from 8.0 to 17.5 g. Five showed breeding condition [descended testes).

Other Ground Mammals
Tachyglossus aculealus Shortbeaked Echidna

Fresh diggings were found at Sites 3 and 4 (Banksia woodland) in August. Diggings were also found in a stand of Eucalyptus lone-
pooleiin the northwestern corner of the reserve in July {(M). Bamford, personol communication 1986).
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Appendix 5 (continued)

Macropus fuliginosus Western Grey Kangaroo

Ciey Kangaroos were widespread throughoul the reserve. Sightings were made on Sites 3 ond 4 (Banksio woodland) and fresh scats
were seen al all sites. In addition, 18 sightings [comprising 31 individual kangaroos) were recorded opportunistically in February and
during the assemblage survey in March. The largest group seen was three. Most sightings were of one or wo individuals.

Sightings were recorded in four broad vegetation types: Banksia woodland over low heath on deep sands, jarrah/marri forest on
lateritic sands in gullies between lateritic ridges, jorrah/mar foresl on loleritic ridges, and in low healh {with scatlered Banksia spp.]
on deep sands. Sightings were made in both recently burat [March 1985] and unburnl portions of the study area.

Macropus irma Weslern Brush Wallaby

Brush Wallabies were sighted on the reserve on five separale occasions during February and March. All sightings were of individual
animals. Individuals were observed on Sites 1 [Llow Dense Heath) and 4 {8anksia woodland). Opportunistic sightings were from the
following vegetolion lypes: open jarroh fores! with an underslorey of low open healh, open jarrah fwith marri) forest with an
undersiorey of fow heath which had been bural in March 1985, ond jorrah/marri forest wilh a tall dense underslorey of Dryandra
sessifis on lalertle,

In addition to these records, two were sighted on land adjoining the south-western boundary, in dense vegetation along Boonanarring

Brook.

Bals
Nyctinomus australis Whitestriped Freelail-bot
The charocleristic vocalizations of this species were heard near Site 5 ond neor the Gingin towasile in Morch,

Nyclophilus geoffroyi lesser longeared Bal

Three moles {6.0, 6.0 and 6.5 g} were misinetied in March. One had scrolal lestes. They were captured af two localities south of
Site 5. One of these caplure siles is described below for N. gouldi, where the two species were taken lrom the same net. The other
sile was in Melaleuco preissii and marri woodland fringing Boonanarring Brook, approximately 4.5 km south-east of Site 5.

Nyclophilus gouldi Gould’s Longeared Bat
One, a male [8.0 g} with scrofal lestes, wes captured in o mistnet 2 km south of Site 5. Vegelation comprised open jarah/marri
forest with a toll dense understorey of Dryandra sessifis on a lateritic ridge.

Chalinolobus gouldii Gould’s Wallled Bat

One female was flushed frem the upper trunk of a large burnl marri (8-12 m] in February, epproximately 380 m north ef
Boenanarring Brook. The bat was recovered from where it landed on the ground. Sutrounding vegelation comprised low Heath {burat
in March 1985) with scallered marri trees.

Vespadelus regulus Southern Foresl Bat

Three individuals {two males and one female) were mist-netied in March. The males weighed 5.0 g each. One hed scrolal tesles.
The female, also 5.0 g, was nol lactating. Captures came from Site 5 and from 2 km south of Site 5. Vegelation at the latter sile
comprised open jarrah/marri forest with a loll dense undersiorey of Dryandra sessifis on laterile.

Introduced Mammols

Vulpes wwipes Fox
One was spollighted in a cleared paddock adjacent to the southern boundary of Ihe reserve.

Felis cotus Cal
Cne wos spotlighied in the north-eastern section of Ihe reserve. The vegelation comprised Banksio woodland with a lall dense heath
understorey, dominated by Adenanthos cygnorum. Fresh cat tracks were also seen on the vehicle rack belween Sites 4 and 5.

Oryclolagus cuniculus Rabhbil
Two were seen in August on Ihe north-weslern corner of the reserve, approximately 200 m inside the northern boundary. Rabbits were
also seen on farm paddocks on the northern side of the reserve and nearby in dense roadside vegetalion.
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APPENDIX 6
Total captures of small mammals ot each sample site on the Boonanarring Nature Reserve, 17-23 March 1986.

SPECIES SEX SITE TOTAL
No, OF
INDIV.
1 2 3 4 5 6 74
A 8 & A B & A B € A B & A B Cc A B G A B
F 2
Sminthopsis griseaventer 7
M 2 1 2
F 5 2 1 | ] ] 2 2 1
Torsipes rostratus 30
M 2 2 5 ] 2 2
F 3 2 1 1 1 2 1 2
Psevdomys ofbocinereus 23
M 1 1 1 1 1 2 1 1 1
F 1 1 1 1
Mus musculus +21 14
M 1 1 1 1 1 3 1
No. pit frap nighls 30 15 15 30 15 15 30 15 15 30 IS 15 30 30

No. Elliott trap nights 50 50 50 50 50 50

F = females, M = males
A, B and C refer to individual troplines
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APPENDIX 7

Comparative list of frogs and reptiles recorded in Banksia woodland near Mocliabeenee {Bamford 1985) and on

Boconanarring Naoture Reserve.

* = record from unpublished WA Museum records.

FAMILY SPECIES

MOOLUABEENEE

BOONANARRING

Hylidoe

Litorio adefoidensis

leptodactylidae
Crinia georgiana
Heleioporus eyrei
timnodynastes dorsalis
Myobatrachus gouldii
Pseudophyme guentheri
Ranidelfla glaverti
Ranideflo insignifero

Gekkonidae
Crenadactylus ocellatus
Diplodactylus polyophthalmus
Dipladactylus spinigerus

Pygopodidee
Apiasia repens
Delmeo kaseri
Delma groyii
tialis butonis
Pletholax gracifis gracilis
Pygopus fepidopodus

Scincidoe

Cryptoblepharus plagiocephalus
Clenotus follens

* Clenolus impor
Clenolus lesueurii
Clenotus schomburgkii
Egernio mulliscutata bos
levista christinae
lesista distinguendo
lerista elegans
{eristo proepedita
Menetia greyii
Morethia linecocellata
Morelhio obscuro
Tifiquo rugosa

Agomidoe
Pogona minor minor
Tympanocryptis adeloidensis

Varonidae
Voranus gouldii
Voranws Histis

Typhlopidae
Rompholyphlops custralis

Boidoe
Morefia spilota imbricato

Elapidoe
Demansia psammophis teticulolo
Novechis curtus
Pseudonaja offinis
Pseudonaja nuchalis
Rhinoplocephalus gouldii
Vermicello bertholdii
Vermicella bimaculoto
Vermicella calonotos
Vermicelio semifasciata
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APPENDIX 8

Additional frog and replile species recorded from localilies within @ 25 km radius of Gingin that were not detected on
Boonanarring Nature Reserve. Collecting localities were: Gingin, 7 km north of Gingin, Bindoon, Red Hill and Wannamal
(unpublished WA Museum records to August 1986).

SPECIES COUECTION No. OF
DATE SPECIMENS
Litorio moorei (no dote) ]
Neobatrachus pelobatoides 18954 1
Diplodactylus pulcher {no date) ]
Gehyra variegota 1963 i
Qedura reficulota 1960 1
Phyllurus miflii 1955 4
Egernia kingii {no date) ]
leiolopisma trilineatum 1959 2
Ramphotyphlops pinguis 1970 2
Notechis scutatus 1965, 1971 2
Rhinoplocephalus nigriceps fno dale) 1
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