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Performance of 30  mm regrowth jarrah laminated 

signboards under exterior conditions 

'Forest Resources Div ision ,  Department of  Conservation and Land 
Management, T imber Uti l isation Centre, Harvey 6220, Western Austra l ia .  

'Science and I nformation Divis ion, Depa.rtmenl of Conservation and Land 
Management, Dussel ton Research Centre, Busselton 6280, Western 
Austral ia. 

SUMMARY 

Regrowth jarrah (Eucalyptus 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 ' (8 1 45), 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 a log stockp i le for three years, 
during wh ich the boards were sprayed with water for 
1 5  minutes every two hours .  Dry cleavage tests , as 
specified in Austral ian Standard AS 1 3 28- 1 987, 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 
gluel ine strengths had dec l ined with al l  adhesives, and 
both wet and dry tests ind icated that RA3 gluel ines were 
sign ificantly stronger than those of B 145  and R440. A l l  
gl uelines satisfied the  requirements of  the Standard. R440 
and B 1 45 gluel ines performed s imi larly in terms of mean 
percentage wood failure, but twice the number of panels 
glued with R440 failed the wet cleavage test 

No sign ificant differences in percentage wood failure 
were found between paint systems or the interact ion of 
adhesive and paint, but the smal l samp le s ize of two 
repl ications per treatment was a constraint. The overal l 
condit ion of the s ignboards, in terms of checking and 
spl itting, showed that RA3 gluel ines performed better than 
those of B 1 45 and R440. Consequently, RA3 is 
recommended for gl uing regrowth jarrah signboards for 
use in exposed outdoor conditions. Further tr ials using an 
increased sample s ize wou ld  be required to evaluate the 
performance of different paint systems. 

G.K. BRENNAN 1
, JA  PITCHER 1 

AND S . L .  WARD2 

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 
Uti l isat ion Centre (TUC). The system enables the 
processing of timber from smal l regrowth eucalypt 
thinnings into a value-added product for use in furniture 
manufacture, and was developed to enable the forest 
products industry to meet the demand for furniture wood 
by supplementing sol id t imber supplies (Siemon 1 990). 

The product is principal ly used in interior applications, 
for example, furniture components, panelling, bench and 
table tops and cupboard doors. Exterior or h igh 
equi l ibrium moisture content (EMC) appl icat ions are 
poss ible, as in signboards, but in outdoor appl ications a 
waterproof glue (e .g .  resorcinol formaldehyde) and a 
rel iable pai nt system are requ i red. Adhesives used in 
exter ior appl ications are general ly three to four times the 
cost of the interior adhesives, which increases the overall 
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 dry ing over three 
years. 

MATER�LS AND METHODS 

Thirty 850 x 200 x 3 0  mm signboards (ten per adhesive) 
were manufactured by edge-and-face glu ing with one of 
three proprietary brands of waterproof exterior adhesive: 

'Bondt ite 1 45 '  (8 1 45) :  

Timbachem 'Resobond 
A3 ' (RA3): 
Timbachem 'Resobond 
440 ' (R440): 

Polyphenol ic  (tannin) 
resorcinol formaldehyde 
Resorcinol formaldehyde 

Phenol/resorcinol 
formaldehyde (heat cured) 
resin. 

B 1 45 is manufactured by Bondtite Adhesives Pty Ltd 
in South Africa, and suppl ies in Western Australia ( WA) at 
the t ime of the trial were from Harcros Chemicals Pty Ltd. 
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The adhes ive is now avai lab le  from Polymer Coatings and 
Adhesives Pty Ltd . RA3 and R440 are m,mufactured by 
Bunn ings T imbachem, a Div i s ion of Bunn i ngs Forest 
Products Ply Ltd. Panels were gl ued according to the 
manu facturer' s speci ficat ions as given in tech n ical 
information sheets , i . e .  B 1 45 - Mydrin Austra l ia ( 1 994) , 
and RA3 or R440 - Bunn i ngs Timbachem { 1 990a) and 
( 1 990b) respect ive ly .  

Board moisture contents before gl u ing were between 
8 and I O  per cen t, based on oven -d ry weight . Each edge 
was dressed i mmed iate l y  pr ior to g lu i ng, a l lowing a 
max i mum l ime o f  one hour between d ressing and g lu i ng.  
A n  ' Orma' glue press with an o i l -heated p l a ten was used 
for edge-g lu i ng, and a co ld p ress for face-gl u i ng.  Deta i l s  
of tem perature, vertical and horizontal pressures, and 
curing t ime are regarded as part o f  the inte l lectual p roperty 
of the process. Face g luel i ne strength was assessed on the 
pa nels before exposu re, accord ing  to the requ i rements of 
the AS I 3 28- l 987 ( Standards Assoc i at ion of A ustra l ia  
1 987) dry c leavage test . The percentage o f  wood fai lure 
compared with ad hes ive fa i l u re was es t imated for each 
gluel i ne. 

Two o f  the ten s ign boards in each gl ue  type were then 
random ly a l located to one o f  the fol low i ng treatmen t s :  

unpainted (control) 
water based pr imer 
o i l  based pr imer
water based pr imer and acry l ic paint

( ' M ission brown') 
o i l  based pr imer and acry l ic paint

( ' M i ss io n brown ' ) .  

S ignboards were then p laced i n  the TUC stockp i l e  in 
October 1 990 under a wateri ng schedu le of 1 5 m inutes in 
every two hours .  Boards  were supported on their edges on 
a 1 1at  wooden sur face about 300  mm above t he  ground, 
g iv ing an orientat ion of 90° to the sun, and a l lowing some 
water trapp i n g, wh i ch  was i n tended lo accelcrale 
deter iorat ion .  

V isual  assessments o f  the con e.I  i t  ion or the g l ue l ines 
arter one year ( ovem bcr 1 99 1 ) and three years 

ovembcr 1 993) were conducted u s i ng the fol lowing 
class i fi cat ion s :  

I - excel lent - no defect ive glue l incs 
2 - good - no more than two hairl i ne sp l i ts greater 

t han 1 50 m m  long 
3 - average - 1 10 l i m i t  0 1 1  h a i r l i ne sp l its 
4 - poor - sp l i t s wide r than I 111 111 . 

A fter th i s  assessmen t ,  a deta i led examination of the 
g luc l inc was done by i n spect ing the fresh ly cu t  end s of 
each samp l e  aHer c l eavage samp les had been docked . 
Grad i ng was by the fo l low i ng c l ass i fi cat ion : 

0 - no checks 
I - hair l i ne  checks < I mm 
2 - checks > I 111111 
3 - spl i ts from one surface to another surface. 

A !though the I 990 and I 99 1 assessments were done 
by Mr S . L. Ward and the 1 993 assessment by the other 
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authors , the quantitative systems red uced the possib i l ity of 
operator bias by d i fferent interpretat ion s of board 
cond i t ions . 

Dry cleavage tests as descr i bed in A S  1 3 28 - 1 987 
(Standards Associat ion of Austral i a  1 9 8 7) were d one in 
1 99 1 .  The cut ends of the s ignboards were then resealed 
and the boards re-pos it ioned i n  the TUC stockpi le .  Wet 
and dry c leavage tests were done at the com plet ion of the 
tria l  in ovember 1 993 , and board cond it ion was rated 
using the above cr i ter ia .  Analysis of var iance was used to 
determ ine  whether there was a d i fference between gl ues 
and treatments, both wi th in the same year and between 
years . 

RESULTS A N D  D ISCUSSION 

Tables I and 2 show the mean percentage wood fai l u re for 
face j o i nts and t he  percentage o f  gl ue! i n es fa i l i ng the dry 
or wet c l eavage tests for each adhesive. The in i t ia l  dry 
c leavage tests (be fore app ly ing the pa in t  systems and 
commenc i ng  the ex posure phase of the tr i a l )  indicated that 
R440 g lue l ines had s i gn ifican t ly  l ess strength ( p<0 .0  I )  
Lhan those of R A 3  c1nd B 1 4 5 .  Mean perce11 lc1ge wood 
fa i lure for R440 g l uel i nes was 72 per cent and those of 
RA3 and B 1 45 g l ue l i nes I 00 per cent . 

Newby and S i emon ( 1 989) had assessed the 
perform ance of c1 range o f  commerci a l ly ava i l able 
ctdhesives used by the furn i ture industry in W A .  They 
found that when edge-g lu i ng  60-year-o ld  regrowth jarrah, 
four o f  the five adhes ives tested i . e . urea formaldehyde 
( 'Grasp ' ) , me lam i ne- fort i fied urea forma l dehyde, pure 
resorci no l  formaldehyde ( R A 3 ) and melam ine 
formaldehyde gave very good resu l t s  from the dry 
c leavage lest out l i ned i n  AS 1 328 - 1 9 87 ( S tandards 
Associat i on of Austral ia 1 987) . The ti fth adhes ive ,  
polyvi ny l acetale or PVA, cou l d  not be recommended . 

A rter one year's expos u re the strength or a l l  g lues 
decreased, with RA3 g lue l ines showing greater strength 
than those o f  R440 and B 1 45 glue l i nes . A s ign i  ficanl 
d i fference was found between the R440 and RA3 g l ue l ines 
(p<0 .05) , but no d i fference i n  wood fa i l ure percentage 
occu rred between the pa int systems. 

Exposi ng the s ignboards fo r  another two years resu l ted 
in the dry cleavage tests show i ng a 1 2  per cent decrease i n  
g l u e  strength for B 1 45 glue l i nes, a n d  a 6 per cent i ncrease 
in strength for R 440 g l ue l incs,  a l thoug h t h is may r eflect 
the d i fferent assessor ' s  i n terpreta t ions  of wood fai l ure, and 
no change for RA3 g lue l ines .  Wet c leavage tests requ i re 
samples to be subjected to a s i x-hou r vacuum-and
pressu re cycle in an autoc lave be fore c l eav i ng each 
gl uel ine w ith a ch i sel , hence i t is a more severe test of 
strength, and recommended for assess i ng waterproo f 
glues . Wet and dry cleavc1ge resu l ts were s i m i lar i n  terms 
of the mean percentage of wood fai l ure (Tabl e 2), but more
panels g lued with RAJ or R 440 fai led the wet c l eavage 
tes t .  

Dry and  wet  cleavage tests i nd icated tha t  RAJ 
g l uel i nes were significantly stronger than those of both 
B 1 45 and R440 (p<0 .0  1 ) . RA3 glue l ines had a mean 
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TABLE l 

Effect of adhesive on percentage wood failure in
face-glued regrowth jorrah signboards aher one 
or three years exposure idry cleavage test). 

ASSESSMENT ADHESIVE WOOD FAILURE PANEL FAILURE 
(YEAR) (%) 1%) 

MEAN 

0 8145 100 
RAJ 100 
R440 72.0 

8145 82.0 
RAJ 88.2 
R440 62.4 

3 8145 70.4 
RAJ 89.0 
R440 68.6 

TABLE 2 

Effecl of adhes ive on percentage wood failure in 
face-glued regrowth jarrah signboards aher lhree 
years exposure lwel cleavage test ). 

S.D.

0
0

29.6 

27.5 
22.8 
31,2 

29.3 
17.5 
26.6 

RANGE No. 

6 0 
6 0 

30-100 6 0 

5-100 39 20 
0-100 40 10 
0-100 40 30 

0- 100 80 20 
25-100 80 0 
10-100 80 20 

ADHES IVE WOOD FAILURE 
(%) 

PANEL FAILURE 
(%) 

B145 
RAJ 

R440 

MEAN 

66.3 
85.0 
60.3 

S.D. 

29.2 
20. 1 

26.6 

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 B 145 
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 of68.6 per cent (dry) and 60.3 
per cent (wet), and 40 per cent of signboards failed the wet 
cleavage test. 

Appendix I lists the condition of individual gluelines 
for each adhesive and paint system 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 performing better than both R440 
and B 145 in terms of mean percentage wood failure and 
the number of panels failing. R440 and B 145 gluelines 
performed similarly in terms of mean 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 

RANGE 

0-100 
10-100 
10-100 

No. 

80 
80 
80 

20 
10 
40 

strength from year Oto year I (p<O.O I), and from year O to 
year 3 (p<0.00 I). However, only B 145 glue!ines showed a 
significant strength decrease from year O to year 3 
(p<O.O 1 ). 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 indicated 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 
performances 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 B 145 or 
R440, with a small percentage of signboards with checks 
greater than 1 mm and no signboards with splits. Face 
gluelines 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 evaluate the 
performance of different paint systems. 
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TABLE 3 

Glueline performance of edge-and-face joinled 
30 mm regrowlh jarroh signboards glued wilh one of 
three different adhesives afrer lhree years exposure 
lo exterior condilions 1% in parentheses). 

ADHESIVE GLUEUNE 

PERFORMANCE 

EXPOSED 

FACE 

CODE0 GLUELINESb 

6145 0 
1 
2 
3 

RA3 0 
l 
2 
3 

R440 0 
1 
2 
3 

" Code O - no checks 
1 - hairline checks < I mm 
2 • checks > I mm 

8 {401 
41201 
61301 
21101 

171851 
21101 
l (51 

0 

12 (60) 
2 (10) 
5 (25) 

1151 

3 - splils from one surface lo another surface 

UNEXPOSED EDGE EDGE 

FACE l 2 

GLUELINES1
• 

15175) 23 (501 28 (611 
21101 5111) 4 (91 

I 151 61131 1 (21 
21101 12 (26) 13 (281 

19195) 481100) 4711001 
0 0 0 

I 151 0 0 
0 0 0 

15 (791 45 (90) 38 (791 
2110.5) 2141 2 (41 
2110.51 l 121 2141 

0 2141 6(13) 

1• Number of gluelines wilh a particular code and percentages in paren1heses ore given. (Assessmenl wa, done on 
edges ofter culling cleavage samples, enabling dear idenlificotion of gluelines.) 

In subsequent research on gluingjarrah and karri 
(E. diversico/or F. Muell.), Balfas (1993) found that 
sanding with a coarse abrasive (80 grit paper) prior to 
gluing 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 
sodium hydroxide ( aOH) also improved wcltabilily and 
glueline strength with the dry cleavage test, but only 
slightly increased glueline strength when the wet cleavage 
test was applied. A combination of coarse sanding (80 grit 
paper) and NaOH treatment increased wettabilily and 
bond strength gave better results. In addition, Bal fas 
(1994) found that surface activation using lithium and 
sodium hydroxides significantly increased wettability nnd 
glucline strength when gluing jarrah and karri. Results 
from these studies need to be included in future trials 
assessing the overal I performance of glued panels exposed 
under exterior conditions. 
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APPENDIX 1 
Effect of adhesive and paint system on glueline 
performance of edge-and-face jointed 30 mm regrowth 
jarrah laminated signboards after three years exposure 
to exterior conditions 1% in parentheses!. 

GLUELINE EXPOSED UNEXPOSED EDGE EDGE 

PERFORMANCE CODE0 FACEb FACEb 1 2 

B145 

Untreated (control) 

0 010) I 125) 0 0 

1 1125) 21501 0 0 
2 31751 I 125) 1112.5) 1112.5) 

3 0101 010) 7187.5) 7187.51 
TOTAL 4 {100) 4(1001 8 (1001 8 (1001 

Oil primer 

0 2 (50) 41100) 5150) 5 (50) 
I 0 0 2 (20) 2 (20) 

2 1 (25) 0 0 0 

3 1 (25) 0 3 (30) 3 (30) 
TOTAL 4 (100) 4 {1001 101100) 10 (100) 

Water primer and point 

0 3 (75) 4 {100) 6175) 6(75) 
l 0 0 1112.5) 1112.51 

2 l (25) 0 0 0 

3 0 0 l 112.5) l 112.5)

TOTAL 41100) 41100) 8 {1001 8 {100)

Water primer 

0 l (25) 41100) 7170) 1011001 

l 1 (25) 0 2120) 0 

2 2 (501 0 l 110) 0 

3 0 0 0 0 
TOTAL 411001 41100) 10(1001 10(100) 

Oil primer and point 

0 11251 41100) 5 (50) 7(701 
1 21501 0 0 I (101 

2 0 0 4 (40) 0 

3 11251 0 l (10) 21201 

TOTAL 4(100) 411001 10(1001 10{100) 

R440 

Untreated (control) 

0 0 I 133) 7(701 3 (30) 

I 2150) 21671 I (101 0 

2 I 125) 0 0 1 (101 

3 I 125) 0 21201 61601 
TOTAL 411001 4(1001 1011001 101100) 

Oil primer 

0 3175) 411001 101911 1011001 

1 0 0 119) 0 

2 11251 0 0 0 

3 0 0 0 0 

TOTAL 411001 41100) 1111001 1011001 

Waler primer and point 

0 41100) 41100) 9(1001 7178) 
l 0 0 0 l ( 11)

2 0 0 0 I (11)

3 0 0 0 0 

TOTAL 41100) 41100) 9(1001 9 (100) 
117 
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Appendix l (conlinued) 

GLUELINE EXPOSED UNEXPOSED EDGE EDGE 

PERFOR/\1\ANCE CODE0 FACEb FACE6 l 2 

R440 (continued) 

Water primer 

0 3 (75) 4{1001 10(91) 10(911 

1 0 0 0 0 

2 1 (25) 0 I (9) 1 (9) 

3 0 0 0 0 

TOTAL 4 {100) 4 (100) 11 (1001 11 (100) 

Oil primer and point 

0 2150) 2 (50) 9(100) 9(100) 

1 0 0 0 0 

2 2 (501 2 (501 0 0 

3 0 0 0 0 

TOTAL 4(100) 4 (1001 91100) 9(100) 

RA3 

Untreated lcontroll 

0 4 (100) 4(100) 9(100) 811001 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

TOTAL 4 (100) 4 (100) 9(100) 8 (100) 

Oil primer 

0 3 (75) 4 (100) 9(100) 9(100) 

1 0 0 0 0 

2 1 (25) 0 0 0 

3 0 0 0 0 

TOTAL A (100) -1 (100) 9(100) 9(100) 

Water primer and point 

0 A (100) 3 (75) 1011001 101100) 

1 0 0 0 0 

2 0 I (25) 0 0 

3 0 0 0 0 

TOTAL 41100) 4 (100) 10(100) 1011001 

Water primer 

0 2 (50) 4(100) 9(100) 9(100) 

1 2(50) 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

TOTAL 4 (100) 41100) 9 (100) 9(100) 

Oil primer and point 

0 4(100) 4 (100) 11 (1001 l 1 (I00)

1 0 0 0 0

2 0 0 0 0 

3 0 0 0 0 

TOTAL 411001 4 (100) 11 (100) 11 (1001 

" Code 0 · no ched.s 
1 - hairline check.5 < l mm 
2 · checks > 1 mm 
3 · splils from one surface to onolher surface 

" Number of gluelines with o porticulor code and percenlages in porentheses ore given. (Assessment was done on edges aher culling cleovoge

samples, enabling cleor identilicotion of gluelines.) 
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Treating four-year-old Tasmanian blue gum posts 

with pigment emulsified creosote 

1Forest Resources Divis ion, Department of Conservation and Land 
Management ,  Timber Uti l isation Centre, Harvey 6220 , Western Austral ia. 

'Consultant, 2/289 Waverley Road, Mount Waverley 3 1 49, Victoria. 

SUMMARY 

Tasmanian blue gum (Eucalyptus globulus LabiH. ssp. 
globulus) posts cut from four-year-old trees growing in an 
agroforestry trial at Midd lesex, 1 5  km south of Manj imup, 
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 l 00°C and without
mechanical shear i ng or agitation, caused the PEC to 
sediment in the base of the treatment drum. Subsequent 
reheating did not result in increased preservative retent ions 
in retreatments . Posts treated with HTC required three hot 
and co ld 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 tria l  
demonstrated the need for a method of preservative 
agitat ion 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 col d  
soaking the crowns. 

INTRODUCTION 

The Department of Conservation and Land Management 
(CALM} and pr ivate land owners have entered into 
partnerships with two overseas compan ies in which the 
Department will  establ i sh  Tasmanian blue gum 
(Eucalyptus globulus Labil l .  ssp. globulus) plantations 
over I O  years . The first partnership is with the Japanese 
consortium Oj i-Itochu to estab l i sh  20 000 ha, centr i ng 
mai nly on private land on the south coast around A l bany. 
The second partnership is with Hansol Forest Products of 
Korea, with IO 000 ha of Tasman ian blue gums to be 
planted in the Wel l ington catchment near Col l ie (CALM 
1 993) .  Although planted primari ly as  a source of 
pulpwood, the plantation can reduce the effects of 

G.K .  BRENNAN 1
, J .A. PITCHER 1 

AND J . B .  WATKINS2

salination and eutrophication through soi l  rehabi l itation 
and can provide habitats for fauna (Shea and Bartle 198 8) .  

I n  addition, the species can provide sawlogs for 
structural or appearance grade t imber, 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 Tasmanian blue gum 
(Brennan 1 992; Brennan and Pitcher 1 993) using High 
Temperature Creosote (HTC) manufactured according to 
AS 1 1 43 (Standards Association of Austral ia 1 973) using 
the hot and cold bath process or cold soaking. 

Pigment Emulsified Creosote (PEC) is a relatively new 
and un ique formulation which contains a micron ized 
finely dispersed pigment, the function of which is to lock 
the creosote i nto the wood structure and inhibit subsequent 
bleeding or sweating of the preservative (Chin et al. 1 986), 
wh ich 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 (Ch in et al. 1 986). However, prior to use in the 
treatment process it is inverted to a water- in-oil emulsion 
in which the pigment particles d istribute around the water 
droplets . Their deposit ion 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 Australia 
Pty Ltd in Austral ia (Watkins 1 977 Patent No. 5 1 4897; 
Watkins et al. 1 989 Patent No. 5 70984). Chemically, PEC 
is composed of 65 per cent creosote, 3 0 per cent water and 
5 per cent surfactants, stabil izers and finely dispersed, 
m icronized pigment (Greaves et al. 1 986).  Unlike HTC, 
PEC does not crystal l ize and presents no problems with 
loss of active creosote components, or with the removal 
and disposal of crystall ized products from work and 
storage tanks,  or from the treatment cyl inder, pump l ines  
and valves. The odour in and around treatment plants is  
reduced s ignificantly and there is reduced ground 
pol lut ion . In addition, weathered PEC-treated 
commodit ies 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 easier to handle 
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than timber treated with HTC. PEC does not emit 
irritating vapours l ike 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 exh ibit  a 
rust colour when weathered, whereas HTC-treated t imber 
is a dark to black colour. Addit ional pigment or co lourant 
(wh ite, brown, etc. p igment) can be added to PEC for 
aesthetic reasons, to further reduce the dark creosote 
co lour. 

PEC is designed for use in pressure impregnation 
treatment plants with poles being commercial ly treated 
with PEC at Kopper's Grafton p lant in New South Wales. 
If PEC is left standing in storage tanks for long periods, 
sed i mentat ion can occu r .  A mechanical agitator or a pump 
to occasiona l ly  c i rcu late PEC and an in- l i ne homogenizer 
cal led a Dispax Reactor® is requ i red to mai nta in  a 
homogenized emu lsion . PEC is stable up  to a pract ical  
work ing temperature of 95° C, and in commercial  
s ituations PEC can be heated to 90° C when a Dispax 
ReactorOO is used (Hawk i ns •  personal communication) .  

I n  the l 950s the  CSI RO Divis ion of Forest Products 
developed three on-farm methods for treat i ng fence posts; 
cold soaking, low-pressure soaking and the hot and cold 
bath process (CS IRO 1 95 5) .  The hot and cold bath 
process invo l ves heat ing the dry posts in steam, hot water 
or hot l iquid preservat ive to drive out any air in  the posts, 
fo l lowed by coo l ing in preservat ive, when atmospheric 
pressure assists cap i l lary forces i n  mov i ng the l i qu id  to 
rep lace the air driven out (Dale 1 967) .  Heat ing to j ust 
below 1 00° C i n  water, or to h igher temperatures i n  o i l  or 
steam, is most effective. In this trial the dry posts were 
treated by the hot and cold bath process with the butts 
immersed in hot PEC or HTC. 

In  the hot and co l d  bath process used in on-farm 
treatments, a relat ively smal l vo l ume of PEC would be 
heated to between 90°C and 95°C, with some agitation 
ach ieved by putt i ng  posts in  and out of the treatment drum. 
The aim of this tr ia l  was to determ ine whether PEC could 
be heated to between 90°C and 95°C without sediment ing ,  
in order to treat four-year-o ld Tasmanian b l ue gu m posts 
us ing the hot and cold bath process .  Posts treated w ith
HTC were used as a control .

MATERIALS AND METHODS 

A pprox i mately 65  Tasman ian blue gum posts, 50 to 
1 30 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 trees growing in 
an agroforestry trial at the o ld agricu l tural research station, 
M idd lesex, approx imately 1 5  km south of Manj im up. The 
trees were planted in  June 1 989  at 330 stem ha· •  in rows 
1 5  m apart and spaced at 2 m . A 1 992 th inn ing reduced 
th is to 1 65 stem ha-• and remai n ing trees were pruned to 
2 m . 

Trees were fel led on 1 5  March 1 993 ,  docked in to  posts 
and del ivered to the Wood Ut i l isation Research Centre 

1 Mt Terry Howkins, Koppers Timber Preservolion Pry lid , North Sydney.
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(now Timber Uti l isati on Centre - TUC) in Harvey the 
fol lowing day .  Posts were debarked with in three days of 
fe l l i ng by manual ly str ik ing the posts with the back of an 
axe and removing the bark by hand or the axe b l ade. After 
str ip stacking, the posts were dr ied to below fibre 
saturation point (f.s.p . ), about 25 per cent moisture content 
(based on oven-dry weight), by a combinat ion of air and 
k i l n  dry i ng.  After five months a l l  posts were below f.s .p .  
(mean moisture content 1 7 .7 per cent) and were 
cons idered sui table for treatment using the hot and cold 
bath process. 

Preparation 

A fter drying, posts were sorted into diameter classes and 
randomly al located to d i fferent treatment batches .  
A pprox imately 8 pe r  cent of posts were severely sp l i t  a s  a 
resu lt  of dry ing and were considered u nsuitable for 
treatment. 

Pr ior to treatment all posts had smal l and large end 
d i ameters under bark, and sapwood width, measured i n  
four  posi t ions. Sapwood and total post volumes were then 
calcu l ated . The mass of posts before and after treatment 
was measured to determ ine PEC uptake. Immed iately 
before treatment, 20 mm was removed from the ends of 
each post as the end grain can become blocked with kino 
and d i rt , restric t ing the longitud i nal  movement of l iquids . 
A i r-dry dens i t ies and in itial moistu re contents were 
assessed. 

Equ i pment 

The following equ i pment was used for treat i ng 1 .8 m posts 
w i th creosote:  

a 205 L drum (760 mm high) for butt treatment and an 
extended drum ( 1 300 mm h igh) to treat the crowns; 
draining troughs made by cutting a drum (205 L) in 
hal f lengthwise; 
l eaning rai l s  to support the posts stand ing in the
draining troughs ;
electric base hot p l ate with a thermostat to control
temperature and a multimeter or thermometer to

monitor temperature; 
insu lation to wrap around the treatment vessel ,  e.g. 
R 2.0 batts; 

• steel mesh or a metal gr id cut to fit the base of the
d ru m, to elevate the posts off the bottom of the drum ,
thus al lowing creosote to  read i ly penetrate t he  ends o f
the posts;
tem porary roofing erected over the treatment d rums in
wet weather, as any water enteri ng the treatment drum
wou ld cause inaccu racies when est imat ing
preservat ive uptake;

• d ipst ick with a l i neal tape attached for measuring
change in creosote l evels, and a measuring jug;

• safety wear of fu l l  length c loth ing, gloves, shoes and
hat and UV barrier cream for apply ing to exposed skin.

When co ld soak ing the electric base hot p late 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. Th is process involves heating dry posts in 
hot creosote to drive out some air (and additional water) in 
the posts, fol lowed by coo l ing overnight in the treatment 
drum, when atmospheric pressure assists capil lary forces 
in moving the l iquid into the posts, to replace the a ir 
driven out (Dale 1 967). Mean moisture contents at 
treatment were approximately 1 8  per cent for the three 
batches treated . Appendix I l i sts the schedules for treating 
the butt sections for each of the batches. 

During the cold cycle, creosote was absorbed i nto the 
posts, causing the preservative level to drop. Measured 
amounts of creosote were added to keep the level at 
approx imately 775 mm (above the cr i tical 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 CS IRO Division of Forest Products ( 1 96 1 )  
recommended a sapwood retention o f  1 60 kg m·3 of 
creosote { 1 46 L m·3) for the butt ends, and between 48 to
64 kg m·3 (44 to 58 L m·3) for the crowns. The butt end
retention of 160  kg m·3 was specified 34 years ago and is 
higher than the current Austra l ian standard of99 kg m·l for 

posts treated to hazard level 4 (H4) (Standards Austra l ia 
1 993).  The volume of PEC or HTC required to ach ieve 
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 drum. This amount was subtracted from the 
initial calculat ion to give the actual volume of creosote 
absorbed by the butts. The gain in mass for each post was 
used to accurately determ ine the PEC or HTC uptake for 
the butt sections. 

Crown Treatment 

A fter butt treatment, posts were inverted and placed in a 
205 L drum extended to 1 300 mm high to a l low 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 
requ i red preservative retention , the amount of PEC or 
HTC needed to treat the crowns was estimated. Batch l 
required 1 3  days and Batch 2 seven days soaking i n  PEC 
and Batch 3 required n ine days soaking in HTC to 
adequate ly 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 sample posts per batch were cross-cut at 
1 00 mm, 300 mm, 450 mm, 600 mm, 700 mm and 
760 mm from the butt and the sect ions then split 
longitudinally with an axe. A visual assessment of the 

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

All  posts were individual ly weighed and preservative 
retent ion was estimated by gain in mass for the butts, 
crowns and total lengths. 

Chemical Ana lysis 

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·3, depth of 
penetration, sample moisture contents and air-dry density 
were determ ined . Analysis was carried out according to 
AS 1 605 - 1 974 (Standards Association of Austral ia 1 974). 
Creosote has been found to be more difficu lt to extract 
from PEC-treated samples than from HTC-treated 
samples, and o ften the PEC-treated samples required a 
longer extract ion period (Kennedyl personal 
communication). 

Post Identification 

Fol lowing treatment with PEC or HTC, posts were tagged 
as follows: 

Batch 1 (PEC) 1 - 1 , 1 -3 ,  1 -5,  1 -6, 1 -7  and 1 - 1 1 to 
1 - 1 9  ( 1 4  posts) ; 

Batch 2 (PEC) 2- 1 to 2-3 , 2-S to 2- 1 4, 2- 16 ,  2- 1 8  to
2-20 ( 1 7  posts) ;

Batch 3 (HTC) 3- 1  to 3-5 and 3-8 to 3- 1 8  ( 1 6  posts) .

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

Assessment 

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

RESULTS AND DISCUSSION 

Air-dry Density and Moisture Content 

The air-dry densit ies and moisture contents for four-year
old Tasmanian blue gum posts determined before and after 
treatment are given i n  Table I .  

2 Mt Michael Kennedy, Queensland �porlment of Pr imary Industries, Forest 
Service, lndooroopi I ly, 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 
of727 kg m·3 determined by Kingston and Risden (1961),
but higher than the mean air-dry density of 475 kg m·3 for 
two-year-old Tasmanian blue gums measured by Brennan 
and Pitcher (1993). The standard deviation of70 kg m·3 
indicates greater variation between samples than the 
47 kg m·3 quoted by Kingston and Risden (1961). The 
differences in age between the trees assessed in this trial, 
and those assessed by Kingston and Risdon (1961) and 
Brennan and Pitcher (l 993), 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 
a role. 

TABLE l 
Air-dry densi ies and moisture contents before and otter 
treating four-year-old Tasmanian blue gum posts with 
PEC or HTC. 

BATCH AIR·DRY DENSITY (kg m·3)

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 moisture 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·3, and depth of penetration based on chemical 
analysis of sample cores taken 600 mm from the butt. 

MOISTURE CONTENT 1%1 

BEFORE TREATMENT AFTER TREATMENT 

2 

3 

TABLE 2 

Mean 

640 

MO 

640 

S.D. Range 

70 550-790 

70 550-790 

70 55().790 

Meon S.D. Range 

17.8 0.7 17,0-18.9 

17,4 1.2 16.1-19,8 

17.9 0.7 17.3•19.2 

Creosote retentions in percentage moss/moss and kg m·3 
for four-year-old Tasmania blue gum posts, based on 
chemical analysis. 

SAMPLE 
No. 

1 
2 
3 
4 

Mean 

122 
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BATCH 1 !PEC) BATCH 2 (PEC) 
RETENTIO RETENTION° 

Depth of Depth of 
%m/m kg m3 penetration %m/m kg m·3 penetration 

Imm) lrnm) 

12.4 80 35 -AO 9.1 90 30- 35 

14.2 90 40 · 45 9.5 60 35 · 40 

11.0 70 AO· 45 13.8 90 35 · AO 

14.3 90 > 40 28.9 185 45 · 50 

13.0 82.5 35 · 45 15.3 106.2 30 · 50 

Creosote retention l% moss/ moss) = /lk:Jss 01 preservative x 100
/lk:Jss al core analysed 

Creosote retenlion I g m 3) = Creosote retention {% m/ m) x Air-dry density 
100 

where air-dry density is the density ol the sample onolysed 

Mean S.D. Range

12.8 2.5 9-14 

12.5 1.9 11-15 

9,8 0.5 9-10

BATCH 3 !HTC) 
RETENTION° 

Depth of 
%m/m kg m 3 penetration 

Imm) 

11 0 70 40-45 

15.3 100 35 · 40 

6.1 40 30· 35 

1.3 10 30· 40 

8,tl 55.0 30 · 45 
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Austral ian standard AS 1 604 - 1 993 requires hardwoods 
to be treated to hazard level 4 (H4) to have a retention of 
10 per cent mass/mass or 99 kg m·3 mass/volume. Haz.ard 
level 4 (H4) is for t i mber that is used in ground contact 
and subjected to severe wetting and leaching, for example, 
fencing, greenhouses, pergolas and landscaping t imbers 
(Standards Austral ia 1 993). The 99 kg m·3 estimate is 
based on the air-dry density of spotted gum (£. macufata 

Hook.) . Batches 1 and 2 had mean preservative retentions 
greater than 1 0  per cent mass/mass and passed the H4 
requirement, whereas the lower retention of 8 .4  per cent 
mass/mass for Batch 3 was ow ing to the low creosote 
retentions in samples 3 and 4. AS I 604 requires the 
retention in 90 per cent of test pieces selected from the 
treatment batch to be not less than 1 0  per cent mass/mass 
and 90 per cent shall pass the requirement of full sapwood 
penetrat ion. On ly four sampl es in each batch were 
analysed, with two samples i n  Batch 2 j ust below the 
required mi nimum retention with retentions of9.  I and 9.5 
per cent mass/mass. Two samples in B atch 3 were below 
the requ i red m in imum retention, particu l ar ly sample 4 
which had a retent ion of 1 .3 per cent mass/mass .  Further 
analyses would be an advantage because of the smal l 
sample s ize. Errors associated with th is method of 
estimating preservative retent ions are d iscussed below. 

A l l  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 wou ld  ind icate the posts cons isted of sapwood . 
Microscopic exam ination d id  not reveal any ty loses, which 
indicated that there was no heartwood or transition wood 
present. In comparison, Nicho l l s  and Phi l l ips ( 1 970) 
reported that heartwood format ion takes place in manna 
gum (E. viminalis Labil l . )  when the sapwood is about 
4-years-o ld .  Penetration depths are l isted in Table 2 and
indicate PEC and HTC penetrat i ng greater than 30 mm
with some samples up to SO mm . Retentions in the first
2S mm,  which represents more than half the rad i i  of the
posts ,  wou ld  be substantia l ly  higher than in the inner
portion of the analytical zone, giving the posts a greater
overal l strength and a longer l i fe in ground contact .
Despite these penetrat ion depths, low retentions were st i l l
recorded and retent ions based on mass gain or  reduction in
creosote level wh i le the posts were immersed, gave a
better overal l est imation of preservative uptakes. PEC is
d i fficu lt to extract by the Dean and Stark method outl ined
in A S  1 605 - 1 974 ( Standards Associat ion of A ustral ia
1 974) and chem i ca l  analysis m ay i ndicate lower
retent i ons.

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

Batch I 
Batch 2 
Batch 3 

59 to 76 per cent 
54 to 90 per cent 
5 5 to 82 per cent 

A l l samples had creosote penetrat ing the outer 50 per cent 
of the sapwood and in some samp les as m uch as 90 per 
cent .  In A S  1 604 - 1 993 ,  the req u i rement for H4 is for a l l 
sapwood to be treated, and the prel i m i nary redraft of 

A S  2209 • 1 979 requires hardwood poles of durabi l ity 
class 4 to have a m inimum depth of penetration of20 mm 
and softwood poles 3 5  mm (Local Government Electr ic ity 
Association of New South Wales 1 992). Sapwood is non 
durable, i .e .  lower durabil ity than class 4 heartwood. In 
add ition, where a species has a wide sapwood band but the 
i nner portion is refractory, creosote is requ i red to penetrate 
a minimum of 20 mm or 75 per cent of the sapwood 
thickness, whichever is the greater (Local Government 
Electricity Association ofNew South Wales 1 992). A l l  
samples ind icate penetrations greater than 3 0  mm and 
some as h igh as 50 mm, satisfying the requirements of the 
redrafted AS 2209 but not ach iev ing the full sapwood 
penetrat ion requ i rement in AS 1 604 . Achieving a mean 
preservative treatment band of 30 mm to 50 mm shou ld  
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 pole standard (redraft of AS 2209 - 1 979) specifies 
the s ize of the treated sapwood band for poles used for 
overhead l ines ,  where strength and durabi lity are cr itical, 
and therefore the depth of preservative penetration is 
important. Fence posts do not have the same load bearing 
req u i rements and safety factors as transmission poles, and 
it is not as crit ical to ach ieve a minimum sapwood 
penetrat ion of 20 mm or 35 mm, but to have a treated 
envelope of sufficient penetration to protect any untreated 
heartwood. W i thout pressure impregnation it is difficu lt to 
achieve ful l sapwood penetrat ion, and in some commercial 
situat ions it wou ld be u neconomical to treat the ful l  
sapwood bands of posts s imi lar to those treated in  th is 
tria l , owing to chemical costs .  

Retentions based on mass gain for the butts, crowns 
and ful l  lengths are l isted in Table 3. The retention level of 
each post was calculated using the fol lowing equation 
given in Markstrom and Gjovik ( 1 992): 

y = W ( l 00 +  M
1 

) - X ( I 00 + M
2

)

Z( I OO +  M
l
) 

Y retention o f  creosote (kg m·3)
W weight of treated post (kg) 
X weight of untreated post at time of moisture content 

determ ination on sample posts 
Z volume of post (m 3) 
M 1 = average moisture content, oven-dry weight, of five

sample posts before treatment (%) 
M 2 = average moisture content, oven-dry weight, of five

sample posts after treatment (%). 

Ind iv id ual post retentions were used to calculate the 
mean retent ions for each batch .  

Table 4 l ists the post d imensions, preservative uptake 
and costs based on the reduction in creosote level whi le  
treat ing the posts. Retentions determined using 
Markstrom and Gjovik ' s  ( 1 992) formula (Table 3) are 
s im i lar 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  HTC retent ions based on moss ga in  for bu l ls , 
crowns and  ful l  lengths . 

BATCH 

BUTT 

Mean S. D. Ra nge 

1 IPECI 1 70 25 1 35 -225 
2 IPECI 1 60 26 1 07-236 
3 IHTCI 98 1 8 74- 1 43

butt retent ions est imated by the red uct ion i n  creosote level 
while posts were immersed and mass gain methods are 
between two and 2.5 t imes greater than those est imated by 
chemical analysis of a sma l l specimen. The reduction in 
creosote level method was 1 . 3 t i mes the mass gain 
retentions. When estimating crown retent ions,  the 
reduction in creosote level whi le  the posts were im mersed 
and mass gain methods gave s imi lar results.  A l l  methods 
indicated that posts treated with HTC (Batch 3) had lower 
retentions than posts treated with the PEC em ulsion 
(Batches 2 and 3) .  Despite the lower retent ions of posts in 
Batch 3 ,  the retent ions est imated by mass gain, and 
reduction in creosote level whi le  the posts were im mersed 
indicated retent ions above the minimum requ i rement for 

H4 in A S  1 604 - 1 993 . 
A l l  three methods have potent ia l  for errors to occur .  

Measuri ng the reduct ion i n  the creosote level with posts 
immersed required read i ng a dipstick to the nearest 
m i l l imetre, but owing  to the l a rge surface area of the 
treatment drum a di fference of one or two m il l i metres 
leads to inaccuracies . Measurements needed to be taken 
at s i m i l ar temperatures because of the amount of creosote 
expansion experienced at d i fferent temperatures . 
Inaccuracies can occur in determ in ing  sapwood volume, 
because general ly the boundary between sapwood and 
heartwood is very difficult to see in posts cut from young 
trees . However, the young posts treated i n  th i s  tr ia l  
contained al l  sapwood, and as stated previously, 
microscopic exam i nat ion d id  not find  the tyloses 
associated with transi tion wood. 

The mass gai n method is the more accurate method 
because ind i vidual posts are weighed before and afier 
treatment, and any addi t ional weight gai n  is pred ominantly 
the resu l t  of preservat ive uptake.  Any moi stu re loss dur i ng  
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 shou ld be used 
for indicating post and batch retent ions and a land owner 
cou ld  use scales to determine weight gain and preservative 
uptake. Chemical anal ysis was based on sam p l i ng four 
posts per batch and the retention for the butt sect ion was 
determ ined by two smal l 20 mm d iameter cores taken at 
one posit ion . The results of analys i s  of retent ion at that 
position should be accurate, but only an indicat ion of 
retent ions in the whole butt sect ion . 

1 24 

CALMSclence 

RETENTION (kg m·3 ) 

CROWN FULL LENGTH 

Mean S . D. Range Mean S .D . Range 

92 1 4  65- 1 1 7 1 27 1 7 .4 99- 1 65
62 1 0  47-83 1 07 1 7  78-1 4 8
66 1 1 55-89 8 1  1 2  67- 1 05

A n  a l ternat ive method to determ ining preservative 
uptake by the change in the creosote l evel in the treatment 
vessel with the posts immersed, is the ' top-up method' 
descri bed by CSIRO ( 1 955)  which i nvo lves : 

( I ) Est i mating the amount of preservative that a batch of 

posts shou ld  absorb duri ng butt or crown treatment 
(based on sapwood volume). 

(2) Measuring th is quantity of preservati ve i nto a
conta iner.

(3) Mark ing on a d ipstick the level of the preservative in
the drum at the beginni ng o f  the butt treatm ent (use a
metal dipst ick because the creosote wi l l  be absorbed
into a dry wooden stick, leading to errors).

(4) Ensuring the level is approx i mately 775 mm (wh ich is
above the crit ical level of 760 mm), but at least 7S mm
below the top of the drum, to a l low for expansion
when heated .

(S) As the treatment proceeds, add measured quantit ies of
creosote from the container to the drum, br ingi ng the
level back to the original .

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

The 'top-up method ' al lows the creosote level to be
mai ntained at a set level and ensures that no untreated 
gaps occur. However, regu lar mon itoring is requ ired 
duri ng treatment,  particu larly i f  us ing the hot and cold 
bath process, to ensure that the requ i red retentions are 
achieved . 

I n  the present tr ia l , crowns were cold soaked for 
1 3  days (Batch I ), 7 days (Batch 2) and 9 days (Batch 3) .  
Seventy-five per cent of the PEC absorbed i nto the crowns 
treated i n  Batch I occu rred in t he  first five  days, therefore 
Batch 2 was soaked for only 7 days .  B atch 3 had 80 per 
cent of the HTC absorbed into the crowns in the fi rst six 
days and 20 per cent in the next th ree days .  Retent ions 
determ ined by the mass gain or reduct i on in creosote level 
while the posts were i mmersed gave s imi lar results 
(Tab les 2 and 3 ) .  A l l  batches passed the minimum 
retent ion requirement of 48 to 64 kg m·3 given by the
CS IRO Div ision of Forest Products (CS I RO 1 96 1 ) .  

PEC is subj ect to sed imentation i f  left stand i ng without 
agitation . When treating posts by co ld soak ing, 
homogeneity is eas i ly restored by stirr ing .  A s  stated 
previously, PEC is an emu lsion composed of creosote, 



TABLE 4 

Post dimensions, preservotive uptoke based on reduction 
in creosote level in lrealmenl vessel, and cost of lreating 
four-year-old Tasmanian blue gum posls wilh PEC or HTC. 

Bolch No. of Mean Total Total log 
posts s.e.d.u.b. sapwood volume

treoted 1cm) volume (ml) 
lml ) 

Total 

16 9.1 0.27 0.27 21.5 

iPECJ 

2 18 8.2 0.25 0.25 20.8 

(PEC) 

3 17 8.6 0.25 0.25 12.5 

(HTC) 

Refenlions ore based on !he reduclion in creosote level while treating the posls. 

(") 
> 
r-

3: -
fl) � 
n UI 

Preservalive uptake (L) 

Butt Crown 

Per post Per ml Total Per post Per m l 

l.3 189(Lm·3) 10.0 0.6 64 (Lm·3J 

207 (kg m·3J 70 (kg m.Jl

1.2 198 (L m·3J 10.5 0.6 72 (L m·3)

217 (kg m·3J 79 (kg m'3)

0.7 1I9(Lm·3J 9.4 0.6 65 (L m·3) 

130 (kg m·3J 71 (kg m·3J 

Post 

Total Per post 

31.5 1.9 

31.3 1.7 

21.9 l.3

Preservative cosls ($) 

Per ml 

117 (Lm·3) 

128 (kg m·3)

125 (Lm·3J 

137 (kg m.JJ 

88.6 (L m,:i) 

96 (kg m·3)

Per lilre Per post 

1.77 3.36 

1.77 3.02 

1.18 1.53 

Per ml 

207.09 

221.25 

103.84 
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water, surfactants, micronized pigment and stabi l izers . 
When PEC i s  heated to 95°C in a commerc ia l  pressure 
impregnation treatment process a homogen izer is required, 
i . e .  the emu ls ion is sheared through mul t ip le  teeth 
generators in a D ispax Reactor00 and in storage tanks an 
agitator is used to st ir the emu l sion. When PEC is used 
without shearing either dur ing or after treatment, the 
emul s ion wi l l  tend to sediment in the base of the storage 
cy l inder. 

Batches I and 2 requ i red three treatments to prod uce 
the requ i red PEC penetration and retention, however, w i th 
each subsequent hot and cold cycle it appears to become 
more d ifficu l t  to treat the posts . The bu i ld-up of depos its 
(concentrated emu ls ion/pigments) on the post surfaces can 
restrict rad ial movement. St i rring the so lu t ion between 
treatments and agitating by p l acing posts in and out of the 
treatment drum did not reconsti tute the PEC, wi th 
sediment remaining at the base of the drum. 

Some bleed ing of  PEC was observed when the posts 
were p laced in d i rect sun l ight, wh ich could be caused by 
high creosote loadings, degraded emu ls ion as i ndicated 
above, or air i n  the posts expand i ng when heated and thus 
expel l ing some PEC. The pigment part ic les are deposited 
within the wood structure when a vacuum is app l ied and 
the emulsion breaks within the wood cel ls .  The pigment 
has the crit ica l  ro le of both stab i l iz ing the emu l s ion and 
producing the clean surface of the treated commod i ty, 
upon d ry ing and weathering. The actual co lour  wou l d  be 
regarded as a bonus. The posts remai n  grey unti l they dry, 
then brown as the creosote i s  baked on the surface of  the 
pigment part ic les  by heat and, more important ly , u l tra 
v io le t  rad i at i on .  The brown colour  is caused by the 
weathering of d ried ox id i zed creosote on the surface of the 
pole. Eventua l ly the posts weather 10 appear as if they are 
not t reated at al l ,  that is the colour becomes grey/wh ite .  
The su rface of a pole treated with PEC i n  a pressure 
i mpregnation process normal ly develops a rust colour 
i nstead of the dark colour of a HTC-treated pol e .  Th is rust 
co lour was not observed on the posts t reated in this tr ia l .  

Costs 

A 205 L dru m  of PEC was donated by Koppers Austral ia, 
as PEC is not so l d  commercia l ly  in 205 L drums, and a 
wholesale pr ice c.innot be given. However, an estimated 
cost of PEC is probab ly an add it ional 50 per cent above 
the cost of HTC, i .e .  about $ 1 .77  per L ( Hawkins personal 
communication) .  This pri ce o f $ 1 . 77  per L in 205 L d rums 
inc ludes the cost of transportat ion to Western A ustral i a  and 
can be s ign i ficantly reduced when purchased in bu lk 
commerc ia l  volumes o f 20 000 to 25 000 L .  Tab le  4 l ists 
the cost per cubic metre and per post based on the uptakes 
determ i ned by the reduct ion in creosote level whi le  posts 
were immersed . The amount of PEC used to treat an 
80 mm to 90 mm s.e .d . u . b .  post in th is  trial cost between 
$3 .02 and $3 .36 per post ($22 1 and $207 per 111 3) and HTC 
cost $ 1 . 5 3  per post ($ 1 04 per m 3) .  Preservat i ve costs 
based on retentions determi ned by mass gain would be 
s l ightly less, i .e .  $2. 36  and $3 .33  per post ($ 1 72 to $205 
per m3) for PEC and $ 1 .29 per post ($8 8 per m3) for HTC . 
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For example, the d ifference in retentions caused the PEC 
cost i n  Batch 2 to be reduced by $0.66 per post. The retai l 
price in the south-west of WA of  a s imi lar s ize CCA
treated pine post i s  approx imately $6 .90 (based on 
purchasing a bundle of posts), wh ich 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 read i ly 
avai lable to the land owner) would be add itional costs .  

When PEC is used to treat posts by the hot and cold 
bath process or co ld soak i ng, simple agitation equipment 
is requ i red to maintain a homogeneous emulsion. This 
eq ui pment is not expensive and cou ld be economical for 
land owners treat ing fence posts. The agitat ion equ i pment 
could be constructed by attaching a shaft and prope l l o r  to 
an electr ic motor, with a voltage regulator used to provide 
a variable st i rr ing speed. S im i lar low cost equ ipment has 
been bui l t  by CSlRO Div ision of Forest Products to st ir  
sma l l  volumes of PEC used in experi mental trials. 
Because the cost of PEC is an estimated 50 per cent h igher 
than the cost of HTC, and 35 per cen t  more PEC is 
necessary to get an equ i valent HTC retent ion, th is makes 
PEC-treated posts expens ive.  

Emuls i fied creosote (EC), is  s imi l ar to PEC except i t  
has no pigment,  and is pr incipa l ly  used for brush-on 
app l i cat ions for po l es i n  ground- l i ne  mai ntenance 
operations .  EC could be used as a remed i al treatment for 
treated posts at s igni ficantly less cost ( Hawk ins personal 
commu nication) .  Commerc ia l  potenti a l  cou ld  be rea l ized 
if PEC or EC were manufactured in Western Austral ia .  At 
present ,  the ind icat ions are that commercia l ly  t reated 
copper-chrome-arsen ic (CCA)-treated pine posts are 
compet i t i ve, and preservat ive penetrat ion wou ld  be better .  

Durabi l ity In-serv ice 

Regular assessments, every one to two years for the first 
five years, then every three to five years, wi l l  i nd icate the 
performance of the posts i n-serv ice at the Busse lton 
property . This w i l l  give a comparison between posts 
treated with PEC and HTC. The overa l l  post condit ion, 
whether i t  i s  st i l l  serviceable and the reason/s for any post 
fai lures w i l l  be recorded . Assessments w i l l  be carried out 
by manual ly push ing each post, with the assessor 
ma intai ning a uniform load ing. A close inspect ion of the 
posts below ground- l ine, after scrap ing away the so i l ,  w i l l  
ind icate t he  presence of any fungal or insect attack . Any 
damage to the exposed sect ion of the post from weather ing 
or mechanica l  means wi l l  a lso be recorded. 

Conclusions 

Fence posts cut from Tasmanian b lue gum trees can be 
effectively treated with HTC by the hot and cold bath 
process for the butts, and cold soak ing the crowns, to 
retent ions sui table for use in ground contact. PEC can 
sed i ment when heated and when left stand ing  for long 
periods without agitation, and under these cond i t i ons 
wou ld be unsu i table for land owners treating posts by the 
hot and cold bath process or cold soak ing.  PEC requ i res 
shearing or simple agitation for th is appl ication ei ther 
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during or after the treatment . This trial ind icated a need to 
purchase or make up s imple agitat ion equipment to 
ma intain a homogeneous emuls ion . The requirement for 
agitation and the addit ional cost of PEC ind icates that 
PEC-treated posts will not be as practical and compet it ive 
as posts treated with HTC by the hot and cold bath 
process. Regu lar assessments of posts treated with either 
PEC or HTC wi ll ind icate the performance in-service. 
Posts are in-service at a property in Busselton District, and 
regu lar inspections w ill be made, as explained. 
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APPENDIX 1 TREATMENT TEMPERATURE (0C) TIME(hl 

Schedules for treating the bull seclions for Botches l and 2 ltreoled 
Hold al 96°C for 2 h 96 2.0 with PEC) and Batch 3 !treated with HTC) ore listed below. 

5.5 
BATCH l (PEC) 

TREATMENT TEMPERATURE (°CI TIME lhl Cold cycle 96-88 2.0 
• 12 days] 40 16.0 

Hot cycle 29 · 55 l.5 14 48.0 
81 l.5

90 0.75 66.0 

Hold ot 90°C for 2 h 90 Ll Second retreolmenl 13-64 3.5 
Hol cycle 77 1.0 

5.15 86 0.5 

QO 0.5 
Cold cycle 85 1,0 98 1.0 
!overnight cool] 72 2.5 

40 14.0 Hold Of 98°C for I h 98 .L.Q 
32 4,0 

7,5 
21.5 

Cold cycle 98 · 31 16,5 
First relreolmenl 32.61 2,0 (overnight cool) 
Hol cycle 82 1.5 

89 0.5 
. longer cold cycle was used as posls were cooled in the lreolmenl 

93 1,0 drum over a weekend. 

Hold at 93°C for 1 h 93 .LQ BATCH 3 (HTC) 

6.0 
TREATMENT TEMPERATURE (°C) TIME(h) 

Cold cycle 93 · 48 14.5 
!overnight cool] Hot cycle 73 -96 2.0 

103 0.5 
Second relreolment 32 · 65 1 5 107 0.5 
Hal cycle 73 0.5 

80 0.5 Hold 01 l 07°C (or l h 107 .L.Q 
90 10 
96 0.5 4,0 

Hold ol 96°C for 1 h 96 .LQ Cold cycle 107- 83 l.5

!overnight cool! 62 2.0 
5.0 27 13.5 

Cold cycle 99-91 1,5 17.0 
lovernig hi cool I 45 15.5 

First relreotment 27 · 89 2.5 
17,0 Hot cycle 95 1.0 

106 l.O

BATCH 2 (PEC) 
Hold at I 06°C for l h 106 .L.Q 

TREATMENT TEMPERATURE (0CI TIME(hl 5.5 

Hot cycle 50-60 1.0 Cold cycle 106-94 1.5 
79 1.0 {overnight cool) 58 3.5 
89 0.5 24 16.0 
99 0.5 

21.0 
Hold at 99°C for I h 99 .LQ 

Second reIreoImenI 29-90 3.5 
4,0 Hot cycle 113 2.0 

Cold cycle 99-92 0.5 Hold al 11 3°C for 2 h 113 2.0 
lovernighl cooll 89 10 

41 16.0 7.5 

17.5 Cold cycle 113 · 16 51.5 
* 12 days)

First relrealmenl 37 · 59 1.5 

Hot cycle 96 2.0 
• longer cold cycle wos used os posts were cooled in 1he treolmenl 
drum over a weekend. 
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Growth of young Eucalyptus globulus in plantations after 

manual defoliation simulating insect herbivory 

'Science and lnfonnation Division, Department of Conservation and Land 
Management, Australia ll Drive, Crawley 6007, Western Australia .. 

'Science and Informal ion Division, Department 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 gfobulus 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 50 per cent 
defoliation in spring or summer. 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. g/obulus by insects should be tolerable 
in spring or summer, but not in autumn, and that I 00 per 
cent defoliation is unacceptable at any time. 

INTRODUCTION 

The Western Australian Department of Conservation and 
Land Management (CALM) has initiated plantings of 
Eucalyptus globulus Labill. in excess of6000 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, IO species of insect 
have been recorded as damaging E. globulus plantings in 
WA (Abbott 1993). Knowledge 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' AND AllAN WILLS2 

A field trial was established to assess growth and 
recovery responses of E. 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 
(Phau/acridium vittatum, Chortoicetes termini/era) and 
autumn gum moth (Mnesampela privata). We addressed 
three questions: 
(l) 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 c. 1100 mm. Site 2 is 
located 33 km east-south-east of Collie townsite (33° 28' S, 
116° 28' E) with an AAR of c. 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 l 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. 0 per cent 
treatment) and 100 per cent defoliation was achieved by 
removing all the leaves from the plant crown. The 
September 1991 50 per cent defoliation treatment was 
achieved by removing half the number of leaves 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. 

129 

CALMScience 



CALMScience Vol . 2 No. 2 ( 1 996) 

Plants at each site were al located a treatment at the 
outset of the tr ial and all plants except those defol iated in 
September 1 99 1  were monitored before the app l ication of 
treatments. Each treatment combination was a l located to 
five plants at each s i te resu l t ing i n  a max i mum of five 
contro l plants per s ite. Plants that d ied before appl icat ion 
of treatment were not re-a l located replacements. 

Variables Measured 

J:1-
3: 0a:c.,

The stem length of each plant was measu red du r i ng the !i: 
second or th ird week of  September 1 99 1 , December 1 99 1 , � 
March 1 992, May 1 992 and September 1 992. Diameter :i: 
over bark at 30  cm stern height was recorded from March 
1 992 onwards. The presence of fol ivores and any damage 
to plants were also noted . 

Growth rate was calcu lated as increase in height or 
basal area in a speci fied period. 

RESULTS 

Mortal ity of Plants 

Defoliation did not increase p lant mortal ity (Table I ) . No 
combination of amount and month of defol iation resulted 
in mortal i ty s ign ificantly different from the control 
treatment (F isher's exact tests, a = 0 .05) . Only 7 of 87 
defoliated plants died after defo l iat ion.  Four o f  45 control 
plants d ied (Table I ) . 

TABLE l 

Numbers of plonls dead or ol ive ofter trea tment ot the 
terminat ion of measurements for each combination of 
omounl of defol ia t ion and manlh of defo l ia t ion 

STATUS INTENSITY AND MONTH OF DEFOUATIO 

50% l 00% Conlrol 

Dead 
Alive 

Sept Dec Mor Sept Dec Mor 

1 4  
0 

1 4  
0 

1 4  
3 

1 2
3 

1 2
0 

1 4  

Timing and Amount o f  Defoliation 

4 
4 1

The amount  and t iming of defol iation and their interact ion 
had significant in itial effects on growth rates (F ig . I ) . 
Mean height growth rates for a l l  defoliated treatments 
were severely retarded compared w ith controls, and the 
amount of retardati on of growth increment increased as the 
amount of defol iation increased (Fig. I ) . Defol iat ion in 
March 1 992 resu lted i n  more severe i n it ia l  retardation in 
height growth th an defoliat ion 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. Thi s  probab ly reflected the 
above average rai nfall at all three s i tes i n  February I 992 
(Jarrahdale:  I 27 mm [actual) vs 1 5  mm [long term average 
for February] ; Col l i e : 24 vs 1 5  mm; Darkan : 3 1  vs 
1 5  mm). 
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AMOUNT D EFOLIAT E D  (%) 

f;'igure I . Effect of month and amount of defoliation on 
height growth rates (mean ± SE) of young Eucalyptus 
gl obu lus  during the initial measurement period, 

approximately 3 months after defoliation. 

Al though the March to May measurement period , a 
per iod of rap id growth, was one month shorter than the 
other two in i t ia l  measurement periods, th is may not have 
contributed great ly to the much increased growth rate for 
controls .  A longer measurement period should have 
reduced the measu red growth rate of control plants on ly 
s l igh t ly (see F i g . 2C). 

Pers istence of Effects 

Mean heights of completely defol iated plants remained 
sign ificantly shorter than for in tact plants at the 
term ination of measurements (F ig. 2) . Differences between 
intact and 50 per cent defol iated p lants were on ly detected 
as significant for the March 1 992 defoliation (F ig. 2C). 

Effects on Stem Basa l Arca 

Effects of defo l iation on basal area growth were s i m i lar to 
the effects on height growth.  Mean stem basal areas 
measured in September 1 992 were smal ler for defol iated 
plants than for i ntact plants ( F ig . 3), although on ly 
Septem ber and March I 00 per cent defol iated plants were 
s ign i ficantly smal l er. 

Effects of Uncontrol led Background 
Defoliation 

In September 1 992 m i nor defol iat ion of a few trees by 
larvae of autumn gum moth (Mnesampela privata) was 
noted at s i te 2 and damage by parrots to stem t i ps was 
noted at site 3 .  B luegum psy l l ids (Ctenarytaina eucalypti)

were abundant at al l three si tes in September 1 99 1  and 
1 992 but were unl ikely lo have in terfered w ith the 
treatment effects . 
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Ian Abbott and Allan Wills, Eucalyptus globulus after manual defoliation 

400 

350 

300 

250 

200 

150 

100 

50 

0 

400 

350 

300 

250 

200 

150 

100 

so 

0 

400 

350 

300 

250 

200 

150 

100 

50 

A. DEFOLIATED SEPTEMBER 1991 

B. DEFOLIATED DECEMBER 1991 

C. DEFOLIATED MARCH 1992 

O SEP 91 DEC 91 MAR 92 MAY 92 

MONTH 

SEP 92 

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 al. 1993), rather 
than simulated herb ivory. This is because plant growth 
responses often indicate sensitivity to differences between 
simulated and actual defoliation, even when fidelity to the 
mechanism of natural defoliation is rigorously attempted 
(Baldwin I 990). Nevertheless, each of these leaf chewer 

a: 
<( 

....I 
<( 

SEP 

AMOUNT OF 

DEFOLIATION 

0 CONTROL 

� 50% 

□ 100% 

DEC MAR 

MONTH DEFOLIATED 

Figure 3. Basal area (mean ± SE), measured in September 
1992, o/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 
large as 50 per cent. This robustness is shared with several 
other eucalypt species, namely E. regnans (Candy et al. 
1992) and E. grandis (Carne et al. 1974) but not with 
E. marginata (Abbott et al. 1993) or E. de/egatensis
(Mazanec 1966). Defoliations >90 per cent by contrast
always have large effects on growth (Mazanec 1967;
Carne et al. 1974; Candy et al. 1992; Abbott el al. 1993).

The sensitivity of E. globulus to 50 per cent defoliation 
in autumn accords with observations made on two species 
of eucalypt in eastern Australia. Cremer (I 973) observed 
that survival of E. regnans and E. delegatensis after total 
defoliation in late summer or autumn was lower 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 E. 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). Defoliation in autumn prevents a tree from 
restoririg its depleted starch to the level that would sustain 
refoliation (Bamber and Humphreys 1965), and this has a 
large impact on height and diameter growth. 

Defoliation by insects is usually insidious, often 
involving partial consumption of leaves or particular plant 
tissue, unlike the instantaneous treatments of whole leaf 
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removal appl ied here. For example,  eggs of autumn gum 
moth (AGM) hatch in south-west WA soon after the first 
substantial  autumn (Apri l or May) rai nfal l and larvae 
commence skeleton izing j uven i le  fol iage of  affected 
E. globulus. By mid  winter (Ju ly) larvae are l arge enough
to remove lam inae of leaves leaving on ly the m i d-ve i n .
Smal l  trees up to  I -year-o ld may be completely defol iated
by early spring (early September) if oviposition were
dense and enough larvae surv ive. However, bud s  and the
stem apex are not usua l ly  affected, result ing i n  a broomed
appearance to severe ly affected trees as new leaves are
produced . Progressive defo l i at ion cu lm i nating in compl ete
defoliation wou l d  have more severe and longer lasting
effect on growth than a s i ngle complete defol iat ion, as
i nd icated by Candy et al.  ( 1 992). I nterpreting the results
from the September defol iation (F i g .  2A ) in the context of
the t ime cou rse of defoliat ion by AGM impl ies that even
part ia l  defol iat ion by AGM could have sign ificant last ing
effects on growth.

Removal of fo l iage from the upper crown did not 
appear to suppress growth more than d i ffuse removal o f  
fol i age (F ig .  I ) . However, disbudding w ith defoliat ion can 
severely suppress extens ion growth (Cremer 1 972; Candy 
et al. 1 992). Candy el al. ( 1 992) found almost a year after 
treatment that disbudding and 50 per cent defol iation had a 
suppressive effect about three t imes that of j ust 50 per cent 
defo l iat ion .  D isbudding effects were not i nvestigated in the 
cu rrent tr ial ,  a lthough spring beetles and grasshoppers 
tend to be most act ive during spring and target expanding 
leaves and buds. The single I 00 per cent December 
defol iation treatment is l i ke ly to underest i mate the effects 
of severe disbudd ing and defol iat ion by spr ing beet les and 
grasshoppers . 

Growth loss and death of trees from s i ngle large 
defoliat ions were surpri s i ngly smal l .  However, our 
experiment d id  not address the impact of frequency of 
defoliat ion on growth of E. globulus. I f £. globulus 
behaves s im i l ar ly to E. marginala, more frequent 
defol iations of low i n tens ity should reduce growth more 
than less frequent defo l iations of h igher intens i ty (Abbott 
et al. 1 993) .  The concern of p l antation managers should 
therefore be d i rected at the more severe consequences of 
regular smal l defol iat ions. This is why £. globulus 
p lantat ions and timberbelts in WA requ i re regu lar 
mon itor ing of pest insect dens i t ies. Th is w i l l  a l low more 
i nformed usage of chem icals for protect ing the wood 
resource from the effects of i nsect outbreaks and wi l l  
d i rect the attention o f  managers t o  t h e  vu l nerab i l i ty of 
part i a l ly  defol iated trees to fu rther damage. 
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Prescribed burning of thinning slash in regrowth · 

stands of karri (Eucalyptus diversicolor) - an 

operational trial using helicopter ignition 

Science and Informat ion Div i s ion, Department of Conservation and Land 

Managemen t, Research Centre, Manjimup 6258, Western Australia . 

ABSTRACT 

This  paper reports on an operational  tr ial that was 
undertaken to eva lu ate the use of a hel icopter-mounted 
incendiary machine for ign it ing th inn ing s lash fuel in a . 
regrowth stand of karri . Twenty hectares of commercial ly 
thinned 24- year- old regrowth were burnt according to a 
pres cr iption d eve loped from a prior exper imental study.  
The burning prescription  specified a moderately dry 
surface l i tter  layer, a moist l i tter profile (>90 per cent 
moistu re content), l igh t  winds, mi ld ai r temperatures 
(<25 ° C) and moderate rel ative humid ity (>45 per cen t) . 
Fuel moisture con tents were with in the prescribed range 
dur ing the burn but air tem peratu res were up to 7°C h i gher 
than prescri bed and the S o i l  D rynes s Index was above t he  
reco mmend ed u pper l im i t .  Most th i nn ing s lash fuel 
<25 mm d iam eter and abou t h alf the l itter l o ad was 
consum ed , l eav i ng a n  average load i n g  of u nbu rnt l itter 
res idue o f  1 1 .4 t ha ·1 • F i re-caus ed s tem d amage a ffected 
7 8  s tem s ha ·1 of retained crop trees wh i l e  2 1 2  stems h a·1 

remain ed u ndamaged; the basa l area o f  undamaged trees 
was 1 4 .2 m2ha·1 • Overall ,  the o bjectives set for f ire 
behav iour, fuel consumption and tree damage were 
achieved, thereby validating the prescribed burning 
gu idelines developed from the earlier study . The trial 
clearly demonstrated the effectiveness and flexibility of a 
helicopter for igniting prescribed f ires in thinned regrowth 
stands . 

I NTROD U CTI ON 

Thinning of even -aged regrowth stands is an importan t 
element of silv icu ltural practice in the tall open eucalypt 
forests of south -eastern and south- western Australia 
(Bradshaw 1 985 ; Goodwin 1 990; Kerru ish and Rawlins 
1 99 1  ). By concent rating growth on selected trees, 
thinning p rov ides a means of increasing saw log yields 
from young, even -aged stands while at the same time 
salvaging a co nsiderab le volume of wood that would 
otherwise be lost to competition-induced morta lity. In 
mu ltip le use ka rri (Eucalyptus diversicolor) forests in 

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

south-west Western Austral ia (WA), commercial th inning 
of regenerated stands m ay be undertaken once stand top 
height exceeds 30 m (Bradshaw 1 992). For most stands 
this rep resents an age of 20 to 3 0  years,  depending on s ite 
index (Rayner 1 99 1 ) . 

As is the case for al l  fire-prone forests , effective fi re 

protection is an essential prerequisite for susta ined yield 
management of fores ts in  south-west WA. Strategic buffer 
zon es within the south-west forests are su bject to 
rotat ional fuel reduction burning to minim ize the threat to 
l ife, property and forest values from large, uncontro l led 
fi res . Logging and regeneration activities are d i rected to 
adjacent areas of forest from which fi re i s  temporari ly  
excluded, with the exp ectation that prescribed burning wi ll 
progressively be reintroduced to regrowth stands as they 
develop to a fi re-tolerant stage . Delay i n  the 
rei ntrodu ction o f  prescribed burning to regrowth stands 
wi l l  affect the schedu l e  of harvesting in adj acent m ature 
fo rest an d th erefore has th e potentia l to disru pt s aw l og 
supp ly to the timber industry . Accord ingly , the 
devel o p m ent of prescri bed burn i ng techn iques ap p l icabl e  
to regrowth s tands, both th i nned an d unth inned, is a h i gh 
priority for research . 

F ollowin g regeneration, fi re is routi nely exclud ed from 
regrowth stands for at least I 5 years to allow the dominant 
and codom i nant trees to attain the height and bark 
thickness necessary to tolerate low intens ity fire without 
damage to crowns or stems . Some regrowth stands are 
burnt prior to f irst thinning to reduce accumulated litter 
and woody fuel (McCaw 1 986), but currently most stands 
remain unburnt until after f irst thinning. Thinning 
operations contribute 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·1 of material < 1 00 mm diameter 
(McCaw et al. unpublished manuscript). The more open 
canopy of thinned stands allows increased sunlight and 
wind penetration into the stand with the result that fuels 
may b� sufficiently dry to carry fire between October and 
Apr il each year. In contrast, the fire season in unthinned 
stands is cons iderab ly shorter and only extends from 
December to March in most years (McCaw, unpub lished 
data). 

In 199 l the Western Australian Department of 
Conservat ion and Land Management commenced a study 
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to exam ine the feasibi l ity of prescribed burning fol lowing 
th inning of even-aged karr i  stands. Fire characteristics, 
fuel consumption and tree damage were i nvest igated by 
conducting smal l scale (<2 ha) experimental fi res over a 
range of cond i t ions, and the resu l ts of this study used to 
develop gu i del ines for prescr ibed burning (McCaw et of. 

un publ ished manuscript). Changes in fuel nitrogen 
storage as a resu l t  of bu rn ing were examined in 
conj unct ion with the experi mental fires (O 'Con n el l and 
McCaw unpubl ished manuscript). I n  forest fire 
management, there is a need to val idate the findings of 
detai led experimental studies at an operat ional scale where 
variat ion in terra i n  and stand con d i t ions can i n fluence the 
outcome of operat ions .  The method and pattern of ign it ion 
can a l so have a profound infl uence on the behaviour of 
prescr i bed fires. The d i fficu lt ground cond it ions typical of 
regrowth karr i stands genera l ly prec lude safe and effic ient 
use of manual l igh t ing crews, except along tracks and 
where walking lanes have been constructed. For this 
reason , implementat ion  of prescri bed burn i ng on an 
operati onal scale w i l l  necess i tate the use of aer ial ign it ion 
techniq ues. Even-aged regrowth stands su itable for 
th inning tend to be d i spersed th rough the forest in 
relatively sma l l  com partments, as logging coupes in karri 
forest ty pes have seldom exceeded I 00- 1 5 0 ha in area. 
H el i copters offer great flex ib i l i ty in l ight ing pattern and 
can be used more effectively on sma l l  or irregu larly 
shaped compartments than is the case for fixed-w ing  
a i rcraft .  Th is paper reports on  an operat i onal tria l that was 
undertaken to evaluate the use of a hel icopter-mounted
ign ition system for prescr ibed bu rn ing of karr i  th inning
s l ash, accord ing to t he  gu i del ines developed from the pr i or
exper i mental s t udy.

METHODS 

Study Area 

Prescribed bu rn ing was undertaken in a 20 ha stand o f  
th inned, even-aged karr i  regrowth in Boorara 1 3  
compartment (34° 42' S 1 1 6° 1 6 ' E) ,  about 1 5  km south
east of Northc l iffe, WA.  Th i s  stand was s i lv icu!tu ral ly 
regenerated from seed trees fo l lowing harvest ing and h i gh 
i ntens ity s lash burning i n  1 969, and had subsequent ly been 
protected from fi re up unt i l the l ime of prescr i bed bu rn i ng 
i n  Novem ber 1 993 .  Dur ing ear ly 1 992 t he  stand  was 
commercia l ly  th i nned us ing a tree harvester to remove 
unco mpetitive and poorly-formed trees; wood products 
removed dur i ng th i nn i ng i ncl uded smal l sawlogs and 
chipwood down to a smal l end d iameter of75 mm.  
Retained trees were most ly domi nants and  codom inants ,  
with occas ional veteran trees of large d iameter (>2 m 
d iameter at breast he ight over bark - d .b .h .o .b . ) scattered 
among the regrowth. Stand top height in 1 992 was 3 1  m, 
correspond ing to a si te i ndex (Ray ner 1 99 1 )  of 46 m at age 
50 years. The stand was si tuated on a broad r idge with 
average slopes o f  about 1 0° and maximum s l opes of 20° . 
Elevation ranged between 60 m and I 00 m above sea level 
(Fig .  I ) .  
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Figwe I . Map showing efevalion contours and the layout of 

burning cells within the stand at !Joorara 1 3. 

Prescription for Burning 

Weather and fuel  moisture condi t ions  prescr ibed for 
burn ing at Boorara 1 3  were based on the results of 
experimental fires conducted i n  a comparable thinned 
stand at Boorara 2 (Tab le 1 ) ,  and are summarized in 
Tab l e  2 .  The essentia l  features of the burn prescr i pt ion 
were:  a moderately dry surface l i tter l ayer to ensure good 
ign it ion and fire spread between slash heaps ; a moist l i tter 
profi le and low So i l  Dryness l ndex i (SDI) (Mount 1 972; 
B u rrows 1 987) to l i mit the con sumpt ion  of deep l i tter beds 
and woody fuel  >25 mm d i ameter; l i ght wi nds ; and m ild 
a i r  tem perature and relat ive hum idity condit ions to 
m in im ize the extent of crown scorch to reta i ned trees in 
the stand. B urn ing under these cond i t ions was expected to 
consume a high proport ion (>80 per cent) of woody fuel 
<25 mm d iameter and up to 60 per cent of the l i tter load . 
Results from the ex perimental study i nd icated that some 
fire-caused damage to retained trees was l ikely to occur 
even d uring low i nten s i ty fires, but not affect ing more than 
about 80 stems per ha (stems ha· ' ) .  

TABlE 1 

Slond chorocter i s l ics for lh i nned karri regrowth al  
Boorora 1 3 ( lh is  study) ond ol  Boororo 2 where !he burn i ng 
prescr i pl ion was developed . 

CHARACTERIST IC 

Si te index (age 50)1m l  

Yeor ol regeneral ion 

Age when burnt {yeors) 

Stocking rela ined {stems ho- 1 ) 

Basa l  a reo relo ined (m 2ho· l ) 

Mean l ree d .b .h .o.b . (cml 

BOORARA 1 3

46 

1 969 
24 

328  

20. 8
27

BOORARA 2 

48 

1 969 
22 

337  

1 9 .5 
26 

1 The SOI ,ep,esents ihe omoonl ol 1oinfoll required ro b1lng 1 he  ,:.oil bock ro  
o soiuroled cond,r;on 01 field copoc ily, which fa mo:;I  soil, is oboul 
200 mm ol available moi,lure. In 1h1, poper SDI values ore e•pressed ,n
mil! tmelre.s of mo1.slure for c:ons1s1ency wilh S1 units . For use in f i re coo1ro! in
Weslern Au,t rolio 1he SDI is roolinely expressed in m,llimelres x I 0.
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TABLE 2 

Prescr ibed and actual condi t ions for burn i ng th in n ing 
slash at Boorom 1 3  on 2 3  and 24 November 1 993 . 

VARIABLE 

Air lemperolure ['Cl 

Reio l i ve humidity 1%1 

I n-forest wind speed [km h· 1 ) 

Wind di rection 

Fuel moisture conlenl 1%) 

-su1foce l i l!er 

-profile l i ller

Soil Dryness Index [mm) 

[Al Fuel  moisture content nol sampled al 1 330 hours .  

Data Collection 

PRESCRIBED 

20-25 

60-45 

<2 . 8  

S E  

1 2- 1 8 

>80

<40 

In preparation for prescribed burning the stand was 
divided into five cel ls, each about 4 ha in area, separated 
by bulldozed mineral earth tracks . Stand and fuel 
characterist ics prior to burning were assessed duri ng 
August 1 992 on transects establ ished in each of the burn 
cel ls .  Sample points were marked at IO m intervals along 
transects and d.b .h .o .b .  of trees within a 5 m radius of each 
point measured to the nearest cent imetre. Trees were 
numbered to perm it relocation fol lowi ng burning. The 
locat ion and dimensions of exist ing 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. (unpubl ished manuscr ipt). As the 
resources avai lable for field work were l imited, fuel 
assessment was confined to measuring the average depth 
of thinn ing slash within a 5 m radius of each sample poi nt, 
to the nearest 0 . 2  m, using a calibrated height pole.  

Ignition took place over two days (see below). During 
this t ime air temperature and relative humidity were 
recorded with an aspirated hygrometer at intervals of I to 
2 hours.  A sens it ive 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 d iameter from the uppermost 1 0  mm 
of the l i tter layer (referred to subsequently as surface 
l itter), and of the entire l i tter profile above mineral soi l  
were collected from ridge and lower s lope positions with in 
the stand on both days. · On each occas ion three samples 
(each 3 0-50 g oven dry weight) were co l lected, sealed in 
a i r-tight t ins and subsequently oven dried in the laboratory 
to determ ine moisture content. A representative SDI for 
the study site was calcu l ated us ing rainfal l and air 
temperature data from Northcl iffe with a canopy 

ACTUAL 

23 NOV 24 NOY 

I 1 700 h) I 1 200 h) ( l 330 h i

2 1  29 32
65 43 34 
< l  2 . 9  2 . 9  
SE w WNW 

ridge 1 2  r idge 1 4  
l'slope 1 7  l'slope 1 9  [A) 

ridge 1 3 3 ridge 98 
l'slope 97 l 'slope 1 1 3

65 68 

interception function for mature open karri forest and an 
appropriate evapotranspiration table from Burrows ( 1 987). 
Experienced observers recorded fire behaviour 
characterist ics during the burn, including forward rates of 
spread and flame heights. 

The hel icopter used during l ighting operations was a 
Bel l Jet-Ranger which carried a crew of three (pi lot, 
navigator, and incendiary machine operator) . Incendiary 
capsules were of the 'ping-pong bal l '  type and were 
deployed from an incendiary machine mounted within the 
he l icopter cabin.  

Two months after prescribed burn ing, the extent of fuel 
consumption at each sample point was assessed visually 
according to the fol lowing rat ing system : 

Litter fuel - partial ly burnt, with l itter residue
remaining

- completely burnt, with mineral soil
exposed

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

- thinning slash <25 mm diameter
partial ly consumed (Moderate)

- th inning slash >25 mm diameter
substantia l ly consumed (High)

Where present, unburnt l itter residue was collected 
from a 0 .04 m2 quadrat and later oven dried to determine 
loading in t ha· 1 • 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 
po i nt Were estimated visual ly. 

Eleven months after burning, all numbered trees were 
re-examined and the location and dimensions of additional 
fi re-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 Burn ing Cond itions 

Fuels within the th inned stand cons isted of leaf l i tter on 
the forest floor, a layer of elevated th in ning slash and 
crushed understorey scrub, and o ld  log debris left beh i nd  
from the  regenerat ion cut  of  1 969. McCaw et al. 

(unpub l ished manuscript) reported that the mean l oading 
of dead fue l  <50  mm d iameter over bark in 22-year-o ld 
thinned karri regrowth was 62 .8  t ha· ' ,  comprising 
23.4 t ha· 1 of l i tter, 8 t ha· 1 of bark and wood <6 mm,  
1 3 .6 l ha· 1 of wood 6-25 m m  and 1 7  .8 t ha· 1 of wood 
25-50 111 111 .  Live understorey shrubs were not a s ign i ficant
component of the fuel load i ngs at Boorara 1 3  or at the
stand described by McCaw et al. (unpubl ished
manuscript) .

Fuel assessment undertaken at the s ite i ndicated that 
about 80 per cent of the ground area wns occup ied by 
t h i nn i ng slash fuel,  with the remainder occupied by l i tter 
bed fuel or ex posed soi l  on extract ion tracks. The fuel bed 
wns .:::0.2 111 deep over ha lf  the si te, and .:::0 .6 m deep over 
75 per cent of the si te (Fig. 2). The max imum depth of 
t h i nn i ng slnsh encountered d uring sampl ing was 1 .5 m. 

In the three weeks pr ior to burn ing rai nfal l  was 
recorded at orthc l iffc on I ovember ( 1 0 . 5  mm)  and 
16 Novem ber (3 .5 m m). Prescr ibed burn ing was 
conducted over two days commenc ing late in the 
allernoon of23 November 1 993 nnd cont i nuing the 
fo l lowing dny .  Weather and fuel mo isture condit ions on 
23 November were w i th i n  lhe range prescri bed for each 
variable,  except for the S D I  which at 65 mm exceeded the 
prescri bed upper l i m it of 40 111 111 (Table 2) .  Conditions had 
been su i table for l ight ing operat ions throughout the day 
but the hel icopter was not ava i l ab le  earl ier because i t  wns 
engaged in prescribed burni ng operations elsewhere. 
Fol lowi ng its arr ival at 1 700 hours (Western Standard 
Ti me) the hel i copter dropped i ncendiary capsu les in a grid 
pattern at an approx imate spac ing of 30 m x 30 m across 
the northern th ird of the stand in the area above the I 00 m 
elevat ion contour (P ig .  I ) . Overnight,  an nrea of about 
6 hn on the r idge and upper slopes was burnt by low 

� 30 
>, 
u 
C 
QJ 

6- 20

0.2 0 . 4  

-Lu-, -� , �-, - - -
0 .6 0.8 1 1 .2 1 .4 1 .6 

Fuel depth (m) 

Figure 2. Frequency histogram showing depth of thinning 

slash fuel at J 36 sample points prior to burning. Data from 
all five cells have been pooled. 
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intensity fire with mean flame heights of0 . 5  to 0.7 m, and 
spread rates in the range 1 2-20 m h· 1 • 

On 24 November air temperature at the site exceeded 
the forecast max imum of 28°C and min imum relative 
humid i ty fel l  below the forecast minimum of 39 per cent, 
and together with the SD!  were outs ide the prescr i bed 
range (Tab le 2). Cond i t ions were hotter and drier than 
expected ow i ng to the i nfl uence of a low pressure trough 
which directed dry northerly winds from the inter ior of 
WA over the lower south-west of the State. W i nd speed 
and direct ion were as forecast , with observed wind speeds 
on ly  margina l ly  above the prescribed range. The decis ion
to cont inue l ighting operat ions took account of the fact
that profi le  l i tter mo isture con ten t sam p les taken on the
previous day were wi th in  the prescribed range and the
l i t ter profi le  wou ld not lrnve dried appreciably overn ight.
Test fires l it dur ing the morning o f 24 Novem ber exhibited
appropriate ly m i ld fire behaviour, consistent with that
prescribed . As on the previou s afl:ernoon surface l i t ter
samp les col l ected from the ridge were substant ia l ly  dr ier
than those from the lower s lope (Tab le  2);  however, i n  the
case of profile l i t ter samples the d ifference between the
moisture content of samples from the r idge and lower
slope was not consis tent from one day to the next,
reflect ing the considerable variabi l i ty in the dryness of the
l i tter profile .  Prom 1 200- 1 220 hours the he l icopter l i t
n long the contour about 20 m downs l ope from the edge of
Lhe aren that had burnt-out overn ight, p lacing i ncend iar ies
at interva l s  of 50-70 m .  Most i ncen d i ary capsules
succesfu l ly  ignited the t h i nn i ng slash fuel ,  and the
resu l t i ng  fires tended to develop an e l ongated e l l ipt ical
shape owing to the d i fferent ralcs of spread up and down
the slope.  Flames were typical ly 0 .7- 1 m h igh, but flared
up to about 3 m in heaped s l ash on the edge of the centra l
access track, probably because o f  the greater exposure o f
t h e  fine  fuels i n  t h i s  area t o  sun l ight and wind .  F l ames
were also prone to flaring in shoots from stump coppice,
part icularly i n  Cel l  5 wh ich had been thinned some
months before the remainder of the area and as a resu l t
was dense ly stocked with coppice shoots u p  to  3 m tal l .
Further l i ght ing was undertaken from t h e  hel icopter
between 1 420- 1 430 hours to fi l l  in several gaps in the
ign it ion pattern, after wh ich i t  departed from the site .
F i res cont inued to spread th roughout the afternoon un t i l
t h e  compartment was largely burnt-out by  1 800 hours .

Post-fi re assessment ind icated that 94 per cent of the 
area had been burnt, with most o f  the unburnt area 
concentrated i n  one patch at the bottom of the easterly 
facing  s lope. Of the po i nts that had been burnt, 85 per 
cent retained a layer of l i tter residue (Fig.  3a), w i th the 
average residue load ing being 1 1 .4 t ha· 1 • The highest
proport ion of area burnt to mineral so i l  (28 per cent, 
F ig .  3 a) and the lowest res idue load i ng (8 .5  t ha· 1 ) were i n
Cell 3 wh ich was located on the top of the ridge. S lash 
consum ption was rated as moderate (most s lash <25 mm 
d iameter consumed) over about 70 per cent of the area, 
with consumption rated as low over most of the remainder 
(F ig.  3 b) .  Consumption of slash did, however, vary 
between cel ls, being greatest in Cell 3 and least in Cel l 5 .  
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Figure 3. Histograms showing the proportion of sample points 
from 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· 1 and a basal area (b.a.) of20.8 m 2ha· 1 (Table l). 
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· 1 (equivalent to ab.a. of 
2.4 m2ha· 1), with most wounds between 0.01 m2 and 0.1 m2 

in area and none exceeding 0.5 m2 in area (Fig. 5). 
Following prescribed burning, crown scorch heights were 

less than about 15 mover 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 of25 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. 

200 ,---------------� 
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Figure 4. Stocking of trees ?JO cm d.b.h.o.b. in IO cm 
diameter classes (n = 348). 
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Figure 5. Stocking (stems ha·1) of tr�es exhibiting stem
damage, including only thinning-caused wounds (Thin), only 
fire-caused wounds (Fire), both thinning and fire-caused 
wounds (Th & Fi), and wounds associated with superficial 
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· 1 (b.a. = 2.2 m2ha· 1) of previously 
unaffected trees were damaged by burning, and 
19 stems ha·• (b.a. = 1.1 m2ha·') 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· 1 (b.a. = 0.8 m2ha·1). 

Fire-caused wounds were most frequently 0.01-0.1 m2 in 
area, but some exceeded 0.5 m 2 in area and extended for 
several metres up the stem. On average only 4 stems ha· 1 

(b.a. <0. 1 m2ha· 1) of sample trees had died 11 months 
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after burning. I n  burnt areas of the stand the residuaJ 
stocking of trees without any stem damage from either 
thinn ing or fir e was ! 82 stems ha 1 , representing a basal 
area of I ! . 9  m2ha·1 • I n  add i t ion, a fu rther 30 s tems ha· 1 

(b .a . = 2 .3  m 2 l rn · 1 ) r emained u nburnt and were therefore 
not subj ect to any fire damage. The incidence of fi re
caused stem damage, i nc lud i ng morta l i ty and wounds 
associated with superficia l  bark scraping, was found to be 
sign i ficant ly greater ( p  <0.0 I )  on trees that were wi th i n  
I m o f  o l d  log debr is than for trees that were 1 -2 m from 
debr is  (Tab le  3). Th i rty-eight per cent of trees that were 
w i th in I m of log debr is were damaged by fi re, compared 
wi th  only 22 per cent of t rees that  were further than I m 
but less than 2 m from logs . 

T ABLE 3 

Incidence of fi re -caused s lem damage a nd mor to l ily  for 
lrees > 1 0  cm d . b. h . o . b . w ith old log debris .s_ l m and 
1 -2 rn from the stem . 

No. T REES 

Log d i slonce Undamaged Damag ed Tota l  X2 p 
from stern 

.s. 1  m 

1 ·2 m

All 

49 

1 84 

2 3 3  

DISCUSS ION 

30 

53 

83 

79 

237 

3 1 6  6 . 67 <0 0 1

F u e l  accu m u l a t ion i n  regro w th k a rri stan d s  i s  pr i n c i pa l l y  
d eterm i n ed by t h e  age o f  the s ta nd  a nd t he  n at u re o f  th e 
s h ru b  u n d e rs torey , and  lo a l es s e r  ex te n t  by s tan d d en s ity 
( M cCaw, u n pu b l i s he d  da ta) . A l t ho u g h  p re- b u rn  fu e l  was 
not  as sessed q mm t i ta t i ve ly a t  B oo ra ra 1 3  t h e  s i m i l ari ty o f  
th i s  s l a n d  to th e sta n d  at B o o rara 2 whe re t he ex peri men ta l 
stud y was con d uc ted m akes it reason able to ass u m e  tha t 
fue l load in g and st r uc ture were comparab l e. Based on t h is 
assum p ti on it is estim ated that a bo ut ha ! f the l itter load ing 
was consu med duri n g  prescri bed burn ing at Boorara 1 3 .  
Th is is with in the range of l itter consum ption reported for 
s i m i l ar bu rn ing co nd itions by McCaw et al. (un published 
m an usc ri pt) .  Con su m pt i on o f  slash fu el d u ri ng prescribed 
bu rn ing a t  Boornra 1 3  was not assessed qua n titati vely . 
The resu lts o f l h is study shou ld there fo re be rega rded as 
prov id i ng a general i nd icat ion o f  the exte n t  of damage to 
reta i ned trees that may be expected fro m p resc r ibed 
bu rn ing. H owever, the type, amou n t  and cond ition o f fuels 
may vary from one th inned sta nd to another, w ith the 
resu lt that levels of tree damage fo llow ing prescr ibed 

bu rn ing may a lso va ry. 
A n  impo rtan t factor that may have in f luenced the 

ou tcome o f  th is t r ial was the exten t to wh ich actual 
bu rn i ng co nd it io ns matched those that were p rescribed. 
Actual bu rn ing condit ions d i ffe red from those prescr ibed 
in two ma i n  facto rs: a ir temperature and SDI . A ir 

tt: m pe ratu res o n  24 ovember we re up to 7°C h igher than 
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prescribed, but despite th is the moistu re content of the 
surface l i tter remained with i n  the recommended range 
throughout the morn i ng.  Surface l i tter fuels probab ly 
d r ied to below 1 2  per cent moistu re content during the 
latter part of the afternoon, however, most of the area had 
burnt out by th i s  t ime.  Diurnal fluctuat ions in air  
temperature are un l ikely to have had a s ignificant e ffect on 
the dryness of the l itter profi le and woody com ponents of 
the th inning slash fuel as these are i n fluenced more by 
longer- term seasonal  cond it ions, part icu lar ly rainfal l .  The 
re lat ively high air  temperatures on 24 November may have 
con tributed to e levated leve l s  of crown scorch (Cheney et

al. 1 992), but overal l  on ly a sma l l  proport ion o f  the stand 
( 12 per cent) was scorched to an extent that wou ld  have 
adversely a ffected tree growth .  

The  SDI  is  used i n  WA fores ts to re flect the  d ryness o f  
soi ls ,  deep forest l i tter, logs and l iving vegetat ion . 
B urrows ( 1 987) demonstrated s trong corre l at ions between 
the S D I  and the moisture con tent of euca lypt  logs in  
d i fferent s i t uat ions (on-ground; e levated ) and i n  d i fferent 
con d i t ions ( fresh ly  cut; cured) .  The fact that the SDI at the 
t ime of the operationa l  t r ia l  was h igher than duri ng most o f  
the ex perimenta l  fi res a t  Boorara 2 may h ave con tributed  
lo i ncreased combu stion o f  o l d  log debr i s  and l arger 
d i ameter components (>25 mm) of th e t h i nn ing s lash fuel. 
One consequence of i n creased fue l consumpt ion cou l d  be 
an  i ncreased frequency of  fire-caused damage to re ta i ned 
t rees .  The incidence o f  fi re-caused damage to trees at 
Boorara 1 3  was  in fact on ly  s l i g h t l y  greater than a t  
Boo rara 2 ( 7 8  and 70 stems ha· 1 respect ive l y),  and both 
stands reta i n ed a s i m i l a r  stock i n g  and bas a l  a rea of 
undamaged t rees (2 1 2  slems h a · 1 and 1 4 .2 m 2 1ia· 1 al
B oo rara 1 3 ; 2 1 4  stem s h ;r 1 and  1 3 .4 m 2h a· 1 at  B oo rara 2) .
Damage to trees w i t h i n  I 111 of o ld l og  debri s  occu rred 
w i th s im i la r  fre q u ency i n  th e two s ta n d s  (3 8 pe r ce n t  a t
B oora ra 1 3 ;  43 pe r cen t at B o o rara 2 ) .  H owever, i n  v iew 
o f  th e h i gh va l u e  o f  yo u n g  reg rowth s ta nd s  for future
t im ber prod uct io n  it is reco m mended that th e u pper S D I
l i m it for b u rn i n g  o f  th i n n ing s l as h  re m a i n  at 4 0  m m  u n ti l
th e re lati onsh ip between S D I ,  fu el consu m ption and 
su bseq uen t tree damage has been more thorou gh ly
invest igated .

The th in nin g prescription for karri regrowth stands of 
3 0  m top height s pecifies retention of 1 6  mlha·1 basal area 
o f  poten t ial crop trees ex h i b it i n g  des i rab le form and
spac ing. R esu lts from bot h the ex peri mental study at
Boorara 2 and the o perat ional trial at Boorara 1 3  indicate 
that if stands are burn t fo l low i n g  tJ1 in n ing it is l i kely that 
less than 1 6  m2ha ·1 of crop trees wi ll rema i n undamaged .

Stem damage may predispose trees to decay and insect 
attack, resu lting in loss o f  merchantabl e wood vol ume 
( McCaw 1 98 3 ; Perry er al. 1 985). Pred iction of volume
loss from stem wou nds over the period of a rotation is 
co m p lex, and depends on a n u mber of factors includ ing 
the locat ion and extent of wound ing, the rate of 
development and sever ity of degrade resu lt ing from 
wounds, the length of t ime for wh ich trees are reta ined, 
and the eventual ut i lizat ion of the stem (McCaw 1 983 ;
Wh ite and K i le 199 1 ). The option exists to remove 
damaged trees in subsequent th innings, but a better 
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understanding of wood degrade processes i n  karr i is 
required to accurately predict the impact of damage on the 
volume and qual ity of wood products that may be 
produced from later thinn i ngs, or at the t ime of final 
fel l ing. 

Variation in topography and aspect of the stand 
influenced fuel dryness and fire behaviour, and hence fuel 
consumption and crown scorch . Surface l i tter was 
consistent ly drier on the ridge than on lower s lopes, whi le  
profile l itter moisture content exhi bited substant ia l  
variabi l i ty i n  both topograph ic  situations .  The only 
substantial area of unburnt fuel occurrred on a lower s lope 
with an easterly aspect ; this tends to be a characterist ica l ly 

. moist aspect in the karri forest. The extent of crown 
scorch in Cel I 3 can probably be attr ibuted to the greater 
fuel consumption on the r idge, together with the h igh 
ambient temperatures on 24 November when most o f  this 
cell was burnt. In the case of Cel l 5 , which was at lower 
elevat ion and on a general ly southerly aspect, the extent of 
crown scorch was probably related to the presence of a 
dense stratum of stump coppice wh ich tended to increase 
flame heights , rather than to the dryness of the fuel. 

The contour l ighting pattern employed at Boorara 1 3  
was general ly successfu l in achieving sat isfactory fire 
behaviour and fuel consumption throughout most o f  the 
stand . The helicopter-mounted ignition system proved 
wel l  su ited to the task, providing a high level of accuracy 
in the placement of incendiary capsu les and the 
manoeuvrabi l i ty necessary for followi ng the complex 
boundary of the compartment. Having several nearby 
stands avai lab le for burn ing on the one day would assist in 
reducing u nit costs for hel icopter ign ition by maximizing 
the amount of l ighting that could be undertaken wh i l e  
burn ing cond it ions were su itable .  

CONCLUSION 

The operational tr ial at Boorara 13  demonstrated that 
gui del ines for prescribed burning of th inn ing slash in karr i 
regrowth stands developed from a prior experimental study 
could be effectively im plemented at an operat ional scale 
using a hel icopter-mounted ign it ion system . Despite 
considerab le var iat ion i n  topography and aspect with in 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 smal l patches remained comp letely 
unburnt. A bout a quarter of the retained trees in bu rnt 
areas of the stand suffered damage to the stem wh ich may 
subsequently lead to wood degrade . The rate o f  
development and ult imate extent of such degrade needs t o  
b e  further investigated s o  that s i lvicu l tural costs and 
benefits of burning th inn ing slash can be properly 
evaluated. Factors crit ical to the success of operat ional 
prescr ibed burning in thinned stands i nclude selection of 
appropriate condit ions for burning, and carefu l  plann ing 
and execut ion of l ight ing operat ions. 
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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 Divis ion, Department of Conservat ion and Land 
Management, Research Centre, Manj imup 6258 ,  Western Austral ia. 

ABSTRACT 

This paper presents a case study of fire behaviour and 
suppression difficulty for an intense wildfire wh ich burnt 
under conditions of Very High fire danger in j arrah 
(Eucalyptus marginata) forest fuels of different ages . 
During a two-hour period following ignition the fire 
travel led a distance of 1 250 m, with an average forward 
rate of spread of 625 m h· 1 and fireline intensity of 
4400 kW m· 1 in nine-year-old fuel. The rate of spread and 
intensity of the head fire dee] ined substantial ly after the fire 
encountered an area 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, l itter depth and cover, and 
understorey shrub height and cover were much lower in 
the recently fuel-reduced forest than in the forest carrying 
nine-year-old fuels . Despite cont inued adverse fire 
weather condit ions the fire did not spread extensively in 
the low fuel area and was therefore readi ly 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 1 3 5  ha aft.er a further 2 .5  hours. Much of this 
addit ional area would probably have burnt at fire 
intensit ies sufficient to fully scorch the forest canopy. 
W i ldfire case stud ies such as this can contribute to an 
understanding of the circumstances under which 
fuel reduction burn ing is effective in l imiting the spread 
and intensity of wi ldfires. 

INTRODUCTION 

Fuel reduction burn ing has been used extensively as  a fire 
management tool in the multi ple-use State forests of 
south-west Western Austral ia for several decades. The 
principal objective of fuel reduction burning is to l im it the 
intensi ty of unplanned fires, thus reducing the d ifficulty of 
suppression and the level of physical damage to the forest .  
Open forests of jarrah (Euca�yptus margina/a) and marri 
(E. ca/ophylla) are typical ly burnt on a five- to eight-year 
rotation to keep fine fuel loadings below about 8 t ha· 1 

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

(Mccaw and Burrows 1 989). The frequency of prescribed 
fire in particu lar areas of the forest varies accord ing to fuel 
accumulation rates and management objectives. 

The extent to which fuel reduction burning programs 
may assist in the suppress ion of unplanned fires depends 
on the interaction of a number of factors including the 
level of fuel reduction ach ieved, the rate at which fuels 
re-accumulate, the locat ion and extent of fuel-reduced 
areas within the forest, and the suppression capabil ity and 
speed o f  response of agencies and volunteer fire brigades 
responsible for fire management. l n  addition, the severity 
of fire weather conditions prevai l ing at the time when a 
wi ldfire encounters a fuel-reduced area is important in 
determining the effect on fi re behaviour. Seasonal 
cond it ions, in particular the dryness of deep l itter beds, 
logs, and l iving vegetat ion may also affect fire behaviour 
and difficulty of suppression. Experimental study of these 
factors is complex and costly, and for this reason the 
contribution of fuel reduct ion to fire suppression has 
general ly been i l lustrated by means of case studies of 
wildfi res ( e .g .  McArthur 1 962; McArthur et al. 1 966; 
B il l ing 1 98 1 ;  Geddes and Pfeiffer 1 98 1 ;  Rawson 1983 ;  
Underwood el  al. 1 985 ;  McCaw et  al 1 993) . Desp ite 
their descriptive nature and lack of replication, well
documented case stud ies have an important role as a 
source of research data and as training aids (Alexander 
and Lanovil le 1 987) . 

On 8 January 1 993 a wildfire was del iberate ly l i t  by an 
arsonist in open j arrah forest at Il lawarra forest block, 
25 km north of Jarrahdale ( 1 l 6°05 ' E  32°20 'S), Western 
Austra l ia .  Weather conditions at the t i me 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 
condit ions and fuel characterist ics associated with the fire, 
and examines the contribution of these factors to the fire ' s  
behaviour. The particular circumstances of th is fire 
provided the opportunity to compare fire behaviour in two 
different fuel ages and to eva luate the effectiveness of the 
recently fuel-reduced area in restricting further spread of 
the fire. 

1 4 1  
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METHODS 

Study Area 

lllawarra 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 
Australian 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. 

lllawarra block extends northwards from the deeply 
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incised valley of the Canning River onto undulating 
lateritic uplands with occasional granite outcrops. Local 
relief ranges from 100-300 m above sea level and the 
terrain is steep along the valley of the river and its tributary 
streams. The forest type in which the fire burnt was an 
uneven-aged stand of jarrah/marri which included 
saplings, poles and occasional veteran trees; height classes 
for each stratum were < I 5 m, 15-19 m, and 20-26 m 
respectively. The base of the forest canopy was about 
IO 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. I). The forest on the 

0 

□ 

IT7 
LU 

■ 

□ 

t 
N 

-200-

KM ELEVATION 

(M) 

l'RIV/\TI•: l'IWJ > l·'.lffY 
(l'/\STllRI•: /\ I) S{'/\.ITF.l{l·:I) Tl{l·:l'.S) 

15-Yli/\1{-01.1> Fl Jl•:t.
( SlJMMliR 1()77)

NINE-YI-:/\1{-01.1) Flll(I. 
(Sl'l{I (i 198:l) 

TWO-Yl·:/\R-01.1> 1:u1,:1. 
(Sl'l{I (j I 9CJO) 

() E-Yli/\l{-01.1) l'lll•:J. 
(Sl'RIN(i JC)<JI) 

) .. 
1630 /\(Tll/\1. FIRI·'. l'ERI 1:·11·'.I{

( 1630 110\mS) 

� l900 l'ROJECTJ•:D FIRI\ l'ElllMJ·:TJ- :IZ
/ ( 1900 IIOlJRS) 

Figure I. (A) Map showing elevation (in m), land tenure, and fuel ages within publicly-owned native forest; (13) map showing 
roads mentioned in the text, the ignition point of the fire al 1427 hours, the actual perimeter of the fire at I 630 hours and the 
projected perimeter of the fire at 1900 hours had the forest on the eastern side of Gardner Road carried nine-year-old fuel. 
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eastern side of Gardner Road had been burnt by low 
intensity fire in spring 1 99 1  to reduce fuel loads, al though 
a narrow zone (< 1 00 m wi de) immediately east of the road 
also contained patches of two-year-old fuel. The 
two-year-old fuel dated from edge burning operat ions 
undertaken during spring 1 990 to secure the area prior to 
the broadscale aerial ly-ignited fuel reduction burn of 
spring 1 99 1 .  For convenience, throughout the remainder 
of th is paper fuels in the area burnt in spring 1 983 are 
referred to as nine-year-old and those east of Gardner 
Road as two-year-old.  

Data Collection and Ana lysis 

Detai l s  of the development and behaviour of the fire were 
obtained from records held at the Jarrahdale CALM office 
and from interviews with personnel invo lved in the 
suppress ion operations. 

Three weeks after the fire, fuels were sampled in an 
unburnt area of the nine-year-old fuel adjacent to the fi re 
perimeter, and in an unburnt section of the fuel-reduced 
area on the eastern side of Gardner Road. W ithin each 
area, l itter and shrubs were harvested from ten I m2 

quadrats located at 5 m intervals along a transect, and the 
depth of the l itter bed, and the height and projected cover 
of the dominant shrub species in each quadrat were 
recorded. In th is paper the term l itter refers to the layer of 
fresh and partly decomposed dead leaves and fine twigs 
(<6 mm d iameter) on the forest floor. The proportions of 
bare and l i tter-covered ground were determined from 
5 0  point-intercept samples in each fuel age. Fuel samples 
were oven dr ied at l05°C, sorted into l itter, dead shrubs 
<6 mm and l ive shrubs <4 mm, and weighed to determ ine 
loadings in t ha· 1 • The 4 mm diameter l imit was used for 
l ive shrub fuel because fi res in jarrah forest rarely
consume l ive fuel above this size (Burrows 1 994).

Drought, fuel mo isture and fire danger indices for 
8 January 1 993 were calculated using air temperature, 
relative humidity, wind speed and rainfal l data from the 
CA LM office at Jarrahdale, which was considered to be 
the recording centre most representative of the locat ion 
where the fire occurred. W ind speeds at Jarrahdale were 
recorded in a clearing with an anemometer mounted 
approximately I O  m above ground. Drought conditions 
were described using  the Soi l  Dryness Index (SDI) 
(Mount 1 972; Burrows 1987) which indicates the amount 
of rainfal l  required to bring the soil back to a saturated 
condition at field capacity. This represents about 200 mm 
of avai lable moisture for most soi ls .  For consistency with 
SI units, SDI values in this paper are expressed in 
mi l l imetres of moisture, but for operational use in Western 
Austral ia the SDI is routinely expressed in units of 
mi l l imetres x l 0.  The Forest Fire Behaviour Tables for 
Western Austral ia (FF BT) (Sneeuwjagt and Peet 1 985) 
were used to predict the surface moistu re content (SMC) 
of jarrah forest l itter and the forward rate of spread 
(FROS) of the fire. The FROS prediction was based on the 
fuel load measured in the unburnt n ine-year-old fuel area 
adjacent to the fire perimeter, and the average slope 
measured along the path of the headfire. Slope effect was 
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accounted for using McArthur' s ( 1 967) correction factors. 
The wind speed used to calculate the FROS can be varied 
according to the density of the forest canopy and the 
topograph ic  posit ion 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 rat io of wind 
speed at 1 5  m above canopy 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 predict ions for 
8 January to variat ion in wind speed inputs, FROS val ues 
were calculated for wind ratios of 5: I ,  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 5 Forest Fire Danger Meter (FFDM) 
(McA rthur 1 967, 1 973) using the equations derived by 
Noble et al. (1 980) with a drought factor of IO .  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 1 5 00 hours. Fire 
intensit ies (Byram 1 959) were calculated for each fuel age 
using the observed headfire rate of spread, fine fuel load, 
and a low heat of combustion of 1 8  700 kJ kg· 1 • Field 
observations indicated that almost all fine fuel had been 
consumed . 

The pattern of crown scorch resulting from the fire was 
mapped from low obl ique ·colour air photographs taken 
three weeks after the fire. 

RESULTS 

Fuel characteristics 

Fine fuels were composed predominantly of leaf l itter, 
wi th only minor components of dead and l ive shrub 
foliage (Table 1 ). Loadings of l itter and total fine fuel 
were respect ively 12 t ha·' and 1 3 .6 t ha· 1 for the 
nine-year-old fuels ,  and 5. I t ha· 1 and 5. 8 t ha· 1 for the 
two-year-old fuels. The l itter bed in the n ine-year-old 
fuel averaged 1 3  mm in depth and covered 98 per cent of 
the ground surface whi l e  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 1 955) and at the time of the 
fire the l itter layer would have consisted of leaves recently 
shed from the forest canopy as wel l  as l itter that had been 
in situ for one or more winters . 

Understorey shrub composit ion 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 l ) .  Dead 
shrub fol iage comprised on ly a smal l 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 l itter layer in the 
two fuel ages are clearly i l lustrated in Figure 2. 

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

Characteristics of two-year-old and nine·-yeor-old fuels at 
lllawarra block determined from harvesting of ten l m2 

quadrots in each fuel age area. Standard errors of the 
mean ore shown in parentheses. 

VARIABLE FUEL AGE 

lWOYEAR-OlD NINE-YEAR-OLD 

Fuel lood {I ha·1I 

liner 5.110.6) 12.011.5) 

dead shrub foliage <6 mm 0.l (0.l) 0.3 (0.11 

live shrub foliage <4 mm 0.6(0.2) 1.3 {0.3) 

tolol fine fuel 5.8 13.6 

Liller deplh (mm) 8 {l) 13 {21 

Litter cover 1%1 76 98 

Shrub height {ml 0.4 {0.11 1,0(0.31 

Shrub cover {%1 18 40 

(a) 

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-old fuel. 

Burning Conditions 

The fire occurred during the afternoon of 8 January 1993. 
Drought conditions were typical of early summer with an 
SOI 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 lr 1 (Table 2). The rarest 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 FrDM was 
590 m 11"1, with a corresponding mean flame height of
9 m and spotting distance of 1800 m. The FFBT predicted 

(b) 

Figure 2. Photographs taken in Janua1y 1993 showing (a) two-year-old and (b) nine-year-old fuels in the vicinity of the 

wildfire at lllawarra block. 
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TABLE 2 

Weather conditions for lhe period 0900-1900 hours on 
8 January 1993 recorded al Jorrahdole CALM office. McArlhur 
Fores! Fire Danger Indices ore shown for lhree limes at which 
wind speeds were recorded. 

TIME 

0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 

1800 
1900 

AIR 
TEMPERATURE 

(OC) 

29 
32 
34 
36 
35 
35 
35 
34 
33 

30 
25 

RElATIVE 
HUMIDrTY 

1%) 

39 
35 
27 
22 
17 
16 
16 
17 
19 
24 
36 

a minimum SMC for jarrah forest litter of 3 per cent at 
1500 hours with FROS values of367 m h· 1 (Extreme), 
259 m h· 1 (Extreme) and 194 m h· 1 (Very High) for wind 
ratios of3: l, 4: l and 5: l 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 l 00 m south-west of Croydon Road (Fig. I). 
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 Con vine Roads at 1630 hours; this 
observation is accurate to within about 5 minutes. Slope 
was 9° over the initial 250 m of the fire's run, but averaged 
3 ° over the entire distance travelled 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· 1

• The 
corresponding fire intensity for the average rate ofheadfire 
spread in the nine-year-old fuels was 4400 kW m· 1

• Aerial 
photographs of the burnt area revealed a pattern of 
concentric elliptical 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 

VvND 
SPEED 

10 

16 

VI/NO 
DIRECTION 

SW 

SW 

SW 

FOREST 
FIRE 

DANGER 
INDEX 

28 (VERY HIGH) 

29 (VERY HIGH) 

28 (VERY HIGHI 

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 blown considerably further downwind but 
were not effective in propagating the fire. Aerial 
inspection of the fire at I 800 hours revealed that the fire 
had declined markedly in intensity and had not extended 
more than about 150 m east of Gardner Road. Within the 
recently fuel-reduced area the rate of spread of the fire had 
declined to less than 100 m h· 1 and flame. heights were 
mostly less than 2 m, consistent with fire intensities in the 
range 300-500 kW m· 1

• The forest canopy was fully 
scorched in a narrow zone up to 100 m wide along the 
eastern side of Gardner Road, owing largely 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 to 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-old fuels was too high for 
safe and effective direct attack, suppression forces were 
instead deployed 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 head fi re and eastern flank of the 
fire were left to spread unchecked into the recent ly  fuel
reduced area on the eastern s ide of Gardner Road with the 
expectation that the rate of spread and intens ity of the fire 
would rapidly d imin ish in the young fue l s .  By about 
1 700 hours the fire had been stopped along Convine Road 
and suppression forces were d iverted to contain the 
western edge of the fire which cont inued to bu rn in nine
year-o ld fuels .  Operations to contain lhe fi re on the eastern 
s ide of Gardner Road commenced at about 1 800 hours and 
the fire was read i ly  suppressed in the young fuels. 

To prov ide an ind icat ion of how the fire may have 
developed had the fuels on the eastern s ide of Gard ner 
Road been of the same age and load ing as those in which 
the main fi re run took place the F F £3T was used to proj ect 
the growth of the fire from its actual  per imeter at 
1 630 hours over the su bsequent 2 . 5  hour per iod to 
1 900 hours .  Th i s  proj ect ion assu med that the fire 
maintained an el l iptical shape, and that the SMC remained 
at 4 per cent and the wind speed at 12 km h· 1

• Fuel 
load ing was he ld  constant at 1 4  t ha· 1 and slope at 3° . 
A wind ratio o f  3 :  1 was used because th is rat io had 
provided the closest  agreement between !he pred icted and 
observed rate of spread in the prcceed ing per iod 
( 1 430- 1 630 hours) . The proj ect ion i nd icated that the 
headfirc would have trave l led a further 760 m between 
1 630 and 1 900 hours, increasing the fire per imeter from 
3 .0  km to 5 .2  km, and the burnt area from 47 ha to 1 3 5  ha .  

DISC USSION 

The behav iour of th i s  fi re c l early i l l ustrates tha t  relat ively 
narrow fuel breaks such as r u ra l  roads <20 m w ide are 
insufficient to contain the spread of fi res in jarrah forest 
when the fire danger is Very H igh or Extreme. Gardner 
Road provided sufficient break in the cont inu ity of the 
fuels to temporari ly ha l t  the run of the head fi re, but was 
not wide enough to preven t  fi rebrands from being b lown 
across from the main fire and igniting the fuel s  on the 
eastern side of the road. The e ffect iveness of roads and 
other fuel breaks (e .g.  rock outcrops, dunes, lakes) as 
barriers to fire spread depends on thei r w idth, the ty pe o f  
fuel i n  wh ich the fire is burn ing,  a n d  t h e  s.:verily o f  the 
burni ng condit ions (Wilson l 9 8 8 ) .  Fires in eucalypt 
forests are renowned for their ab i l i ty to propagate by 
means of spot-fi res st<1rted ahead o f  the main fire front and 
this character ist ic may negate the effect of fue l  breaks 
even at relat ive ly low levels of fire danger, part icu l ar ly 
where trees carry l arge accu mu lat ions o f  fibrous 
stringybark or loose ri bbons of smooth bark which can act 
as firebrands (Luke and McArthur  1 978; Wi l son 1 992a). 
Rotational fuel reduction bu rn ing, in add i tion to l i mit ing 
the accumula t i on  of l i t ter and understorey sh rub fuels also 
typically removes loose, fibrous bark from the bottom few 
metres o f  stems thereby reducing the quant i ty of bark fuel 
which may contribute to flame extension up the stem and 
which is avai lable for the generation of firebrands. 
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Observed spott i ng distances were substant ial ly less than 
predicted by the McA rthur F F DM, an d a possib l e  
explanation for t h i s  is that the amount of loose, fibrous 
bark on the stems of trees in the n ine-year-old fuel area 
was sti l l  l i mited as a resu l t  of prescr ibed burning i n  spring 
l 98 3 . A ccumulat ion of fi brous bark on jarrah and marri
stems becomes noticeably greater in stands from wh ich
fi re has been exc luded for I 5 years or more (McCaw,
unpubl ished data) . Better understand ing  of the
relationsh ips between bark character ist ics, firebrand
generat ion, and spott ing wou ld  al low the effect of fuel
reduct ion burning on bark fue l  hazard to be objectively
assessed. Th is should be a priori ty for future fi re research .

The  fai l ure o f  the  spot-fi res wh ich ign i ted i n  the 
recent ly fuel-reduced area on the eastern s ide of Gard ner 
Road to deve lop rap id ly into a new head fire can be 
attri buted to the lower fuel  load ing and the d ifferent 
structure of the fuel bed . Fuel  l oad is a direct determi nant 
of fire intensity ( Byram 1 959 )  and has also been shown to 
affect the forward spread rate of fi res in eucalypl forests i n  
some c i rcumstances (McArthur 1 962; Peet 1 97 1  ) .  Other 
fuel characterist ics that may a l so affect fi re spread incl ude 
l i tter depth and cover, and the height and density of
understorey sh rubs (Peet 1 97 1 ; Cheney et al 1 992). A l l  
o f  these character i s t ics were substant ia l ly reduced i n  the
two-year-old fue l .  In order to proper ly interpret the res u l ts
of fire behaviour ex periments and w i  Id fi re case stud ies i t
i s  essent ia l  that the structure and cond ition of fuels be
adequately descr ibed and q u ant ified (McCaw 1 99 1  ) .  In
add it ion to fine fuel load, criteria such as understorey
scru b tlam mabi l i ty and bark characterist ics have been
em pl oyed in the assessment of bush fire hazard in some
eucalypt forest ty pes (Sneeuwj agt I 97 1 ,  1 9 73 ; W i  Ison
1 992a, 1 992b ).

The severity of burn i ng con d it ion s has a profound 
i n tluence on the e ffectiveness o f  fue l - red uced areas in 
moderat ing fi re behaviour .  McCaw et al .  ( 1 993 )  reported 
th at three-year-old j arrah forest fue l s  were capab le  o f  
supporting a high intensity crown fi re (estimated peak 
i ntensi ty 1 7  400 kW m· 1 ) d u r i ng cond it ions of Extreme fi re
danger, but suggested t hat the young fue l s  did diminish the 
potent ial for l ong distance spott ing and faci l i tate rapid 
conta inment once the weather cond i t ions moderated .  
M ost case stud ies ( B i l l ing 1 98 1 ;  U nderwood et al .  1 985 ;  
G rant and  Wouters 1 993 )  i l l ustrat ing the  con tribution o f  
fuel reduct ion burn ing  t o  w i ld fi re suppress ion i n  euca lypt  
forests re l a te to fue l s  less  than three-years-old . More 
extensive documentation o f  wild fire behaviour i n  older 
fue l s  is  des i rable, as fue l s  4-8 years old are widespread in 
m u lt i p le-use forests i n  Western A ustra l ia .  Such 
i nvestigations wou l d  hel p  to determ i ne the longev ity of the 
suppress ion bene fits of fue l  red uct ion burn ing, and  
i mprove the  understanding of  the relat ionsh i p  between t he  
age of forest fue l s  and  the resu l t i ng level o f  fi re damage to 
the forest. 

The period between 1 630 hours and 1 900 hou rs was of 
cri t ical  importance to suppression action against the fire. 
F ire danger remained Very H igh for most of th i s  period 
and the intens ity of the head fire in n ine-year-old fuels 



would have been too great to al low safe and effect ive 
direct attack on the fire front. A fire intensity of 
2000 kW m·• is considered the upper l imit for effective 
direct attack with tankers and bul ldozers (Loane and 
G ould 1 985) .  Had the forest on the eastern s ide of 
Gardner Road not been subj ect to fuel reduct ion, and 
instead also carr ied n i ne-year-old fuel, the area of forest 
burnt at high intensity is l ikely to have more than doubled, 
necessitat ing deployment of addit ional suppression forces 
and delay ing the eventual conta inment of the fire.  

Accurate pred iction of fire behaviour depends on s ite 
specific information on fuel , weather and terrain 
cond it ions, as wel l  as on the ex i stence of a robust fire 
spread model (McCaw et al. 1 993) .  Fuel and s lope data 
were available for the si te, and temperature and relat ive 
humidity could be approximated by recordings for 
Jarrahdale. It  is reasonable to assume that l i tter moisture 
content remained constant at 4 per cent between 
1 630 hours and 1 900 hours in v iew of the relatively 
constant weather conditions and the character ist ically 
slow moisture uptake of eucalypt l itter d ur ing the 
afternoon (Luke and McArthur 1 978; McCaw unpublished 
data) .  There is, however, some uncertainty as to whether 
the wind speeds recorded at Jarrahdal e  were representative 
of the winds experienced on the fire ground . The complex 
terrain associated with the Cann ing River valley tends to 
affect wind patterns, causing winds in the general vicinity 
of the fi re occurrence to be stronger than at Jarrahdale 
(Ross Mead, personal communication). In view of the 
uncertainty over actual wind speeds at the fire, the 
performance of e ither the FFBT or the FFDM in predicting 
fi re spread rate cannot be adequately assessed ft-om th is 
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 effective in preventing the spread of 
fire under cond it ions of Very H igh fire danger, when 
firebrands were thrown some distance ahead of the main 
fire front .  However, spot-fires ignited by firebrands were 
s low to develop in two-year-old fuels,  despi te continued 
adverse fire weather cond itions. Fuel loadi ng, l itter depth 
and cover, and the height and cover of the understorey 
shrub layer were substantial ly less in the recently fuel
reduced area than in the n ine-year-old fuels where the 
main fi re run occurred . Reduction in the amount of loose 
bark on the stems of trees i s  l ikely to be an important 
consequence of prescribed burn i ng. The effect of bark 
reduction on fire behav iour, and in particular on the 
generation of firebrands, is a subject worthy of further 
invest igat ion . 
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Secondary poisoning of foxes following a routine 1 080 

rabbit-baiting campaign in the Western Australian 

wheatbelt 

Science and Jnfonnation Division, Department of  Conservation and Land 

Management ,  Western Austra l ian Wildl i fe  Research Centre, PO Box 5 1 ,  

Wanneroo 6065, Western Austral ia .  

ABSTRACT 

Th ere i s  ci rcumstant ial ev idence that foxes ( Vulpes vulpes) 
feed ing on rabbits (Oryc tolagus cun iculus) po isoned wi th 
sodium monofluoroaceta te ( I  080 poison) d ie from 
secondary poisoning . A rabbit-po ison ing campaign that 
occurred during a fox research s tudy prov ided d irect
evidence to support the above v iew.

I NTRODUCTION 

In W estern Austral i a  (WA) I 080  was wide ly used by the 
A gri cu lture Protection B oard (APB )  to contro l  popu l at ions 
of  rabbits (01yctolagus cunic ulus) on  farms .  Typ i ca l ly, a
b a it trai l o f  ' One  Shot '  1 0 80  oat s  (Good i ng  and Harr i son
I 964) was lai d s o  as to inte rcept rabb its en route to their
foraging areas . Th i s  method has been s hown to be an 
efficient and effect ive method of contro l (O l iver et al. 

1 982 ;  Rob inson and Whee l er 1 983).
There i s  circumstantial evidence th at foxes feed i n g  on 

poisoned rabbits d ie through second ary po isoning 
(Christensen 1 980a; Mcllroy 1 98 1 ; King et al. 1 9 8 1  ). 
This paper provides direct evidence to support this view. 

M ETH OD S 

Study S ite 

Data were col lected from an area of Watheroo National 
Park (45 0 krn2 ) approximately 200 km north of Perth in the 
northern wheatbelt (3 0' 1 4' S, 1 1 5

° 

45' E). Beard (1 979 ) 
describes the vegetation as cons ist ing mainly of 
undu lating scrub -heath with Banksia-Xylomelum alliance 
on yellow sandplain, lim ited areas of Casuarina th icket on 
the late ritic r idges and Eucalyptus wood land in the 
depressions. Reco rds from the WA Herbar ium indicate 
the absence of I 080-producing Gastrolobium sp. 
(S . Pat rick pe rsonal commun icat ion ) in the area. The park 
is e nt i rely bounded by farm lands and enclosed within the 
park is a fa rming p roperty known as 'Warro Springs ' . 

D .  ALGAR AND J . E .  K INNEAR 

Fox Study 

Fifteen adult  foxes had been captu red and radio-col lared in 
the north-western area of the park (approximately 
J OO km2) dur ing the spring of 1 98 8 .  These foxes were 
periodical ly radio-tracked from fixed towers to provide 
informat ion on home range and spatial organ ization . 

While rad io-tracking between I 2 and 1 6  December 
1 98 8 it was observed that three foxes, whose home ranges 
were adj acent to the Warro Springs property, had not 
moved s ince the morning of 1 3  D ecember. To investigate 
the poss ible reasons for l ack of movement, these an imals 
were located on 1 3  December, u s i ng a hand-he ld aerial ; al l 
three foxes were dead .  Searches of the area were then 
condu cted to locate any non-co l lared dead foxes. 

Stomach contents were removed from all an imals for 
laboratory ex am ination; hai r was i dentified as descr ibed in  
B runner and Coman ( 1 974). The foxes were not analysed 
for 1 080  becau s e  of th e diffi culti es of d etecti n g  small 
amoun ts o f  res idue (D . King pers on a l  communi cati on) . 

Ra bbit Poison ing Campaign 

On 1 2  Decem ber an APB  offi cer, at th e request o f  the 
owne r  of Warro Spri n gs, h ad baited an area on the p roperty
which contained rabbit warren s and most of th e farm
boundary with one-sh ot I 080-poison ed oats. The oats 
were laid from a hopper into a furrow cut by a d isc blade 
along a 6 km transect ar ound the northern half of the farm .

RES ULTS 

Six non-co l lared, dead foxes were found on the firebreaks 
bordering the Warro Springs property the same day as the 
radio-co llared foxes were located. An unusual si ght was 
found at one site where three juven ile foxes lay dead in 
close proximity to each other. Nearby were the remains of 
a rabbit that had been almost entire ly devoured, including 
the v iscera. 

A H  dead foxes, except for one that had d ied in a den, 
disp layed s igns that suggested that they had d ied from 
1 080 poison ing. Al l an imals were lying on their s ide and 
the so il around them had been disturbed form ing 
depress ions, created by the sweeping movements of their 
l imbs dur ing the death throes wh ich is typ ical of 
carnivores po isoned w ith 1080 (Mcilroy 1 98 1 ).
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The three poisoned rad io-col lared foxes al l contained 
rabbit hai r  in their stomachs as did the s ix non-col lared 
foxes collected along the firebreak. Searches for other 
non-col lared foxes were conducted in the surrounding area 
but the dens ity of vegetation prevented any further an imals 
being found. One other rad io-co l lared fox that had 
occasional ly been located around the farm area was 
located 2 km north duri ng the rabbit-poison ing campaign .  

DISCUSSION 

Secondary poison i ng of foxes has  occurred fol lowing the 
1 080 rabb i t-bait i ng campaign, caus i ng a signi ficant 
dec l ine in the ir numbers. Data on carrion-eat i ng animals 
found dead after rabbit poison ing campaigns i n  New South 
Wales (NSW) su pport the findings reported here. Foxes 
were the non-target species most frequently found dead 
a fter rabbit-po ison i ng operations in NSW State Forest 
areas (Mci l roy 1 982 ) . Mci l roy and G i fford ( 1 99 1 ) 
s i mi larly found that fox numbers were red uced by about 
75 per cent after a trai l -ba i t ing campaign against rabb its 
with 1 080-treated pel lets in SW.  

In control led secondary poison i ng experiments that 
s i mulated field conditions, Marsh et al. ( 1 987) fed 
I 080-po i soned ground sq u i rrels (Spermophilus beecheyi) 
to 1 5  coyotes (Canis latrans). Three coyotes weigh i ng 
I 0 .2- 1 2 . 5  kg died after eating a squirrel that had consu med 
3 mg of I 080 in a bait .  Because One-Shot po isoned oats 
contains 4 .5  mg of I 080 per oat , and s i nce foxes 
(ca 4-6 kg) are cons iderably l ighter than coyotes and have 
a s im i lar tolerance to I 080 (W ard and Spencer 1 947; 
Mci lroy and K ing 1 990), a rabbit that had eaten a s ingle 
po i soned oat wou ld  be lethal to a fox .  Mc i lroy and 
G i fford ( 1 992) calculated that to receive the equivalent of 
an LD

50 
dose, foxes need to eat only about one-th ird of the 

muscle or hal f the l iver of one poisoned rabbit. These 
amounts represent only 1 1  per cent or 2 per cent 
respect ively of their dai ly intake of food (Mcl lroy and 
G ifford 1 992) . 

Di rect ev idence of secondary po isoning of foxes in this 
study further substantiates the arguments  of Christensen 
( 1 980a) and K i ng el al. ( 1 98 1 ) that the fox has played a 
prime role in a su i te of interact ing factors lead i ng to recent 
fauna! decl ines and ext i nct ions in south-west WA.  These 
authors were the fi rst to note the i nverse relat ionsh i p 
between fox abundance and the amount of 1 080 used to 
control rabbits in WA.  S ince the comp letion of 
colonizat ion of south-western A ustra l ia  by foxes in 1 93 1  
(Long 1 972), foxes i ncreased i n  abundance unt i l  the m id 
I 950s when I 080  rabbi t-bait i ng campaigns became 
widespread . By the late I 960s, the fox had dec l ined to the 
po int of rari ty in south-western Austral ia (K i ng el al.
1 98 '1 ) and in some areas, certain med ium-sized marsu pial  
species became consp icuous ly abundant (Sampson 1 97 1 ;  
Christensen 1 980b ) . 

The use of broadscale I 080  rabbit-baiting campaigns 
decl ined for a considerab le per iod ( 1 970-78 ) fol lowing the 
introduction of the European rabbit flea, as widespread 
winter epizootics of myxomatosis caused a very h igh 
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mortality in rabbit populations (King et al. 1 98 1 ) . 
Secondary poisoning was no longer of s ign ificance in 
control l ing fox numbers and a dramatic increase in fox 
numbers was observed in the south-west during the I 970s 
(see Fig. 2 in K ing el al. 1 98 1 ) . Reduction in rabbit 
numbers and the increase in fox abundance may have 
resu l ted in increased predation on nat ive species. As a 
consequence nat ive species, even in refuge areas, dec l ined 
drastically in numbers and their recovery has only 
followed the implementat ion o f  fox control programs. 
K i nnear el al. ( 1 988) and Friend ( 1 990) were ab le to aid 
the recovery of remnant popu lat ions of rock-wal labies 
(Pelrogale falera/is) and numbats (Myrmecobius fasciatus) 
respect ively by red ucing fox numbers com parable to or in 
excess of secondary poison ing following rabbit control 
programs. 
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ABSTRACT 

Boonanarring Nature Reserve (ca 925 0  ha) is about 1 5  km 
north of Gingin. It extends eastward from the Gingin Scarp 
onto the Dandaragan Plateau, near the southern end of the 
plateau. ft is bounded by the Swan Coastal Plain on the 
west . Water reserve ..t,.22602 is on the southern boundary 
and extends into Boonanarring Nature Reserve. Th is 
reserve was included in the present survey . 

The variable surface and underlying geology and 
topography are reflected by a mosaic of ten distinct 
vegetation associat ions.  The dominant vegetation 
associations within the reserve are jarrah and marri 
woodlands typical of the south-west (Swan Coastal Plain 
and Darling Range) and Banksia wood lands with elements 
of the Kwongan heaths of the lower rain fall 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 
famil ies 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 reserves. Th is find 
was instrumental in this species being removed from the 
l i st of declared rare flora. The vegetation mosaics and
ecotones support numerous rare and uncommon plant
species. Seventy-five taxa ( 1 3  per cent) of the flora
recorded are of particu lar i nterest, including 1 8  pr iority
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, 1 1  Banksia and 1 5
A cacia taxa.

Amongst the ani mals recorded, the fossoria l  B lack
striped Snake ( Vermicella calonotos) is of restricted 
occurrence and the Carpet Python (Morelia imbricata) is 
declared ' in need of special protect ion ' .  Gould 's  

Long-eared Bat (Nyctophilus gouldi) i s  at  the northern 
l imit of its range. F ive frog species were found. The avian 
and repti l ian faunas were reasonably diverse (74 and 20 
species respectively), but the mammal ian fauna was less 
diverse than expected ( 1 1  native species) .  Some species 
may be absent or severely reduced in number owing to the 
frequent burn ing which has occurred in recent years. 
Further survey work, particularly 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 

Boonanarr ing Nature Reserve (,t..4 1 805)  is an area of 
about 9250 ha, 15 km north of the town ofG ingin (Fig. 1 ). 
The biological significance of the area was first assessed 
in 1 97 1  (N. McKenzie personal communication) and on 
the basis of this assessment the System Six Report 
(Department of Conservation and Environment 1 983) 
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 final ly gazetted on 9 August 1 99 1 ,  
bei ng vested i n  the National Parks and Nature 
Conservation Authority. Reserve ..t,.22602, for water, is on 
the southern boundary and extends into Boonanarring 
Nature Reserve. 

The area is situated near the southern tip of the 
Dandaragan Plateau. The G ingin Scarp, wh ich forms the 
western boundary of the Dandaragan Plateau, runs along 
the western edge of the study area. The topography of the 
reserve is undulat ing, with some areas of sand plain and 
other areas of exposed laterite, sometimes form ing small 
breakaways . The study area contains the upper catchment 
and sect ions of Boonanarring Brook, a predominantly dry 
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Figure I . Location of the Boonanarring Nature Reserve in 

relation to significant geomorphological features of the 
region (after Wilde and Low 1 978). 

watercourse. The B rook meanders in a south-westerly 
direction from the southern part of the reserve (Fig.  2) . 

The Dandaragan Plateau consists primar i ly of Tert iary 
!aterites outcropping i n  Pleistocene-Recent sands over flat
ly ing partly laterit ized Cretaceous rocks.  These
sedimentary Cretaceous beds contrast with the hard
Precambrian rocks of the Dar l ing P lateau and the deep
Pleistocene sands and a l luv ia !  soi ls  of the eastern Swan
Coastal P lain (W i lde and Low 1 978).

The cl imate is Warm Med iterranean with 700 m m  
annual preci pitati on and 5 -6 dry months per year. Mean 
winter temperature is about I 3°C and the mean min imum 
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 
evaporat ion is about 1 900 mm (B u reau of  Meteoro logy 
1 968). 

Boonanarring Nature Reserve is located with i n  the 
Drummond Sub-d istrict of the South -west Botanical 
Province (Beard 1 980) . The vegetat ion of th i s  area was 
first mapped by Beard ( 1 979) at a scale of 1 :250 000. 
Physiognomy of the dominant vegetation stratum and 
surface geology were used to define three major vegetat ion 
components: 
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( l ) Banksia low woodlands ( less than 1 0  m),
(2) Banksia low wood lands with scattered jarrah

(Eucalyptus marginata) and marri (£. calophy/la)
trees, and

(3 ) E. calophylla woodlands between I O  and 30 m. 
The vegetat ion complexes were also mapped by 

Hedd ie  et al .  ( 1 980), again at a scale of I :250 000, but 
based on Havel ' s  ( 1 968,  1 975a ,  b) s i te-vegetat ion  types 
and the l andform and soi l un its defined by Churchward 
and McArthur ( 1 980) . Accord ing to th i s  system, the 
K aramal land form/soi l un i t  i s  predomi nant with i n  the 
reserve, and is described as a gent ly undu lat i ng landscape 
dominated by deep, yel l ow sands with lnteri t ic gravels on 
the r idges . With in our study area, lateritic outcrops are 
common . The associated vegetation, the Karamal 
Complex - South, is descr ibed as bei ng dom inated by an 
open forest of jarrah (Eucalyptus marginata) and marri 
(E calophylla) with a mid-storey of bu l l  ban ks ia  (Banksia 
grandis) . I n  the north-east of the study area aeo l ian 
sandplain wi th  some low dunes supports the Cul la la  
comp lex of low open forest of Banksia a1ten11ala and 
/3.  menziesii with  some B .  ilicifolia and E. todtiana. On the 
boundary with the Karama l  complex there often occurs an 
intermed i ate vegetat ion type of open marri (or j arrah) 
forest with a second storey of Banksia species.  The 
western edge of the study area cons i sts mainly o f  red 
sandy soi ls on the gent ly s l oping i rregu l ar scarp (G ingi n 
u n i t) and deep red and yel low brown sands in the val leys
(Moondah uni t) . The Gingin vegetation complex on the
scarp is described as an open wood land of £. calophylla 
with a second storey of B. grandis and Nuytsiafloribunda.
In the val leys and s lopes is an open wood land of
Eucalyptus species, and on some of the lower s lopes there
is a low closed to low open forest of Banksia species with
E. todtiana.

A part from the broad scale vegetation mapping
referred to above, there appear to be no publ i shed 
biological data on the Boonanarring ature Reserve. 
Surveys from nearby areas i nclude observations on the 
birds of the Moore R iver gorge area, 25 km to the north 
(Whit lock 1 905 ; Loaring and Serventy 1 952), a study of 
the fauna of the northern Swan Coastal Plain (How 1 978), 
the quadrat-based vegetation survey of Moore R iver to 
Jur ien Sandplain (Griffin and Keighery 1 989), work on fire
effects in Banksia wood land about I O  km to the south-east 
at Moo l iabeenee (Bamford 1 985 , 1 986) and a general 
survey of Ju l imar Forest Block, about 40 km to the 
south-east on the Dar l i ng Plateau (Forests Department 
unpub l i shed) . 

The present survey was undertaken with two a ims i n  
m i nd .  The  fi rst was t o  obtain base- l i ne data on  the 
assemblages of plants and an imals present at selected s i tes 
i n  the study area. Such data can be u sed i n  quantitat ive 
comparisons between these and other s i tes or, wi th  
resampl i ng, comparisons over t ime (monitor ing) 
(McKenzie 1 98 8 ; McKenzie el al. 1 99 1 ) . The second a im 
was to  prov ide 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 si tes (quadrats) were selected for  systematic 
sampling for assemblage data in March 1 986 (Table 1 and 
Fig. 2) . These sites were arranged to form a transect from 
the foot of the G ingin Scarp in the west, through the 
woodlands of the plateau to a dense heath on the eastern 
boundary, and pl aced so as to sample some of the major 
vegetat ion types i n  the study area. A deta i led descr ipt ion 
of vegetat ion at each si te is g iven in Appendix I .  

TABlE 1 

locations of permanent sampl i ng s i les in the Boono norr ing 
Nature Reserve . ( E levat ions were es t imated f rom the Gi ng in 
1 : 1 00 000 map . )  

S ITE lATITU DE LONGITUDE ELEVATION 1ml 

3 1 " 1 3 '05" 1 1 5''50' 1 5" 1 40 

2 3 1 · 1 3 ·00· 1 1 5
°

50'30" 1 4 5 

3 3 1"1 3 '00" 1 1 5
°

5 1 '05" 220 

4 3 1 " 1 2 '55 " 1 1 5"5 1 ' 1 5" 225 

5 3 1 " 1 2 '55 "  1 1 5"5 2'05" 260 

6 3 1 " 1 2 '40" 1 1 5"56'55 "  220 

7 3 1  · 1  1 '45' 1 1 5"5 2' 1 0" 240 

Sampl ing for assemblage data ( incl ud i ng  l ive-trapping 
for vertebrates) was carr ied out from 1 7  to 23 March 1 986 .  
Each s ite was sampled as  exhaustively as  possible for 
species of vascu lar p lants , am ph i bians,  rept i les, b i rds and 
mammals. The search area for each s i te was an unbounded 
q uadrat of about 2 ha centred on the trapp ing l i nes at Lhat 
s i te .  Opportun ist ic observat ions were made at other t imes 
(most ly i n  February, J u ly and A ugust 1 986) and at other 
places in the study area. 

Vegetat ion at each site was descri bed using M u ir 's 
( 1 977) system of vegetation class ification. Voucher 
specimens were col l ected for most vascu lar p lant species 
and lodged at the Western A u stral ian H erbarium (PERTH), 
bu t a n umber of common , widespread species were s imply 
recorded. So i l  su bstrate ty pe and topography was recorded 
for each site . S i tes were resam pled at several d i fferent 
t imes of the year to record annual or i nconspicuous plant 
species. Opportunistic flora records for the reserve were 
made by several col l ectors. o est imates of species 
abundance were made. 

Vegetat ion mapping was undertaken us i ng  
monochrome I : 250  000 ( 1 985)  and colour I :20 000  ( 1 989) 
aeria l  photographs and the I :SO 000 M indarra SW 
topograph ic map. Geological and so i l  maps were 
consu lted to assist in vegetat ion  interpretat ion.  Transi t ion 
zones in vegetat ion ty pes were recorded along al l  tracks 
and fire breaks throughout the reserve and by extens i ve 
ground reconnaissance.  Mapping from aeria l  photographs 
was made di fficu lt by the presence of extensive fire scars 
of variable age. 

Sampling of vertebrates was done by l ive-trapping and 
systematic search ing. Bats were caught in mist nets near 
Site 5 and at two locations to the south of this s i te. Mist 
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nets were run for 9 .5 net hours ( I net x 1 hour = 1 net 
hour). Smal l ground-dwell i ng  vertebrates were sampled by 
means of pi tfall  (Sites 1 -4, 7) and E l l iott traps (S ites 5 and 
6). A descr ipt ion of traps and trap layout is provided in 
A ppend i x  2. The total trapping effort was 300 pit trap 
n ights and 300 E l l iott trap n ights ( I trap x I night = 1 trap 
n ight). 

Spot l ight ing from a veh icle was conducted throughout 
the reserve on the ex isting main tracks.  Spotl ighting effort 
total led five hours .  

I n  order to identify recaptu res, sma l l  mammals were 
marked using alcohol-based col oured marker pens, usual l y  
on the base of the tai l or under the ch in. Th is proved t o  be 
an effect ive technique s ince, in some cases, one 
appl icat ion persisted for the durat ion of the five-night 
trapping period .  

Fishes were sampled from the headwaters of 
Boonanarring Brook by means of 40 x 25 x 25 cm traps 
with two fun nel entrances gi v i ng access to a baited pouch. 
Traps were baited with dry cat food ('Go Cat ' ) .  Four traps 
were set for a total of eight hours dur ing day l ight hours on 
1 5  Ju ly  1 992. 

Identifications in the field were done w i th reference to 
a range of gu ides includ i ng  Ty ler el al. ( 1 984), Storr et al. 
( 1 98 1 ,  I 986) and Strahan ( 1 983) .  Voucher fish, frog, 
rept i l e  and mammal speci mens were col lected and have 
been accessed by the Western Austra l ian Museum . 
A ccess ion numbers (where known)  are l i sted in 
A ppend ix  3.  

Samp les of heart, l iver and k idney t issues were taken 
from spec i mens of Sminthopsis and frozen in l i q uid 
n i trogen for electrophoret ic analyses. A nalyses were run 
by the Evo l ut ionary B iology U nit of the South Austral ian 
Museun1 . Eleclrophoretic determinations were used in 
conjunction with standard taxonomic procedures to ver ify 
our identifications. 

RESULTS 

Vegetation 

Ten discrete vegetat ion associations were recogn ized 
within the Boonanarr ing Nature Reserve (F ig. 3) .  As 
expected, these correlated w i th soi l  type, topography and 
drainage. Some vegetat ion types had disti nct boundari es 
while others represented ecotones, particu larly where 
Banksia wood land adjo ined jarrah fo rest and heaths. Some 
rare or un usual species occurred w i th i n  these ecotones; for 
example Eucalyptus lane-poolei popu lations occur on ly  
where up land jarrah forest adj o i ns Banksia wood land. 

Woodlands and Fores ts 

There are seven wood land and forest types in the study 
area. 

The first vegetat ion type occurs in valleys on Moondah 
soi l  and cons ists of tal l forests of Eucalyptus calophylla 
over open, variable scrub .  Th i s  vegetation association 
flanks most of the slopes run ning down i nto 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 limited to the small areas 
of massive, exposed laterite rock breakaways supporting 
Eucalyptus 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 ofa low open 
woodland of Banksia menziesii, B. a/lenuata and 
Eucalyptus todtiana with occasional Nuytsia floribunda
and Banksia ilicifolia in wetter sites. The understorey is 
dominated 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 Karamal soils. 

The fifth vegetation type consists of Banksia attemiata, 
B. grandis and Eucalyptus todtiana with occasional
Nuytsiajloribunda 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 woodland 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 is the dominant tree 
with some 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 5. 

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. Understorey 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. 

■ 
Merri forest on volley 
slopes 

11 
Riverine and polus-
plain 

■ 
Wandoo woodland 

m 
Banksia woodland over 

woollybush scrub 

□ 
Banksia woodland over 

mixed u n de rsto ry 

El 
Jarrah and Marri on 
la le rite 

� 
J a rro h and Merri on 

sand 

tj 
Dense heath on shallow 
sand over gravel 

□ 
Heath on shallow soil 
over massive lo le rite 

□ 
Upland Merri over low 
heath 

Figure 3. Vegetation unit boundaries within the Boonanarring Nature Reserve 
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Heaths 

Three major heath associations were recogn ized. These 
occurred in patches throughout the reserve, corresponding 
to soi l depth and aspect. The fi rst occu rs on the western 
scarp boundary and on breakaways where shallow, grey 
sand (Karamal soi l )  occurs over mass ive laterite .  In th is  
association Dryandra sessilis dom i nates with varying 
amounts of Hakea ruscifolia, Xanthorrhoea preissii over 
Stirlingia latifolia, Jacksonia spp . ,  Calylrix spp. , 
Leucopogon spp. and Petrophile linearis. The second 
heath consists of species-rich, dense heath to 1 .5 m on 
shal low wh ite to grey sandy soi ls over gravel ,  on low rises 
with i n  the Cu l la la  so i l  un i t .  The speci es-rich scrub heaths 
were h igh ly vari able i n  composition w ith A llocasuarina 
humilis, Hakea lrifurcata and Adenanlhos cygnonun 
occurri ng in patches, general ly  lo I m with emergent 
Nuylsiajloribunda and .Jacksonia spp. Quadrat 6 provides 
a typical example of  th is  vegetation type. The  fina l  
vegetat ion type recogn ized occu rs on rises where sands 
are shal low in the Karamal soi l  unit .  Th is is a very sparse, 
low heath with open , ta l l  Eucalyptus calophylla. The 
understorey is h igh ly variab le but usua l ly  dominated by 
D,yandra echinala, Hakea lissocarpha, />etrophile 
sern1riae, Macrozamia riedlei and Bossiaea eriocarpa. 
These heaths are unusual because they are genera l ly in the 
upper landscape and conta in  several rare ly recorded plant 
species such as Conospermum incurvum. 

Floris tics 

A total of 573 vascu la r  plant species (from 70 fami lies and 
223 genera; see A ppend ix  4) have been recorded within 
the Boonanarr ing ature Reserve. Herbs were wel l 
represented with in  the reserve; for example ,  Orch idaceae 
and Asteraceae were represented by 28 and 27 taxa 
respectively . The reserve was re latively free of i ntroduced 
species, but inc l uded 27 taxa (4 . 7  per cent) dominated by 
members of the fami l ies Asteraceae (5) and Poaceae (5). 
G iven the re l atively large size of the reserve and the 
d ifficulty in  travers ing i t  on the ground, fu rther 
i nvest igations w i l l  undoubtedly resu l t  in additions to the 
flora l i st, a l though we bel i eve that the maj ority of 
perennia l  and annual species present were recorded. 

Of the total number of fam i l ies recorded, the 
Myrtaceae (63 native species), Proteaceae ( 5 8 )  and 
Pap i l ionaceae (44) were dom i nant, with Epacridaceae 
(3 1 nat ive species) and As teraceae (27) s ign i ficant 
(Tab le  2). Important genera inc lude Stylidium ( I 9 tax a), 
Acacia ( 1 5 ) , Leucopogon ( 1 5 ) , /-libbertia ( 1 3), Hakea ( 1 3), 

/Janksia ( L l )  and Eucalyptus (9). A not i ceable feature of 
the area is the low mean number of spec ies per genus 
(2 . 1 ) .  Of  the 223 genera l isted, 1 29 (59 per cent)  are 
represented by only one spec ies, high l ighting 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 Austral i a. 

Rare and Unusual Plant Species 

Of the 573 species recorded at Boonanarring, 75 species 
( I  3 per cent) are considered to be of particular interest 
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(Table 3 ). Th is  includes 1 8  priori ty species (Atkins 1 995). 
Based on Marchant et al .  ( 1 987), current herbarium 
records and personal knowledge, 67 species records were 
considered to represent range extensions or disjunct 
popu lations. 

TABLE 2 

Dominanl  p lant fami l ies in Boonanar r i ng  Nolure Reserve 
and  water reserve ,t,. 2 2602 . 

FAMILY No. of TAXA % of TOTAL 
native introduced (nalive toxol 

Myrtoceoe 63 0 1 1 .6 

Proteoceoe 58  0 1 0.6 
Papi l ionoceoe 44 4 8 . 1  
E pocridaceoe 3 1 0 5 .7 
Orchidoceae 28 l 5 . 1
Asteroceae 27 5 5 .0 
Cyperoceoe 26 0 4 . 8 
Anthericoceoe 25 0 4 .4  

Styl id ioceae 23  0 4 . 2  
Goodeniaceoe 1 8 0 3 . 3  
Hoemodoroceoe 1 8 0 3 . 3 
Mimosoceoe 1 5 0 2 . 8 
Pooceoe 1 5 5 2 . 8 
Rest ionoceoe 1 5 0 2 . 8  

Several popu lat ions of the prev i ously dec lared rare 
Gre villea saccata occur on the Moondah soi l  un i t  with i n 
the reserve .  These represent the on ly secure popu lat ions, 
as a l l  others occur on a l ienated lands or road verges. The 
location of these popu lat ions and the su bsequent
dec larat ion of the nature reserve were instrumental in
removing th is  species from the l ist of declared rare flora.

Several populations of Acacia clydonophora. 
Verticordia paludosa, Conostephium minus, Calytrix 
:,ylvana, (al l Priority 4) ,  Acacia cummingiana, Acacia 
pulchel/a var rejlexa (acute bracteole variant), leucopogon 
oliganthus, l3anksia micron/ha, D,yandra echinata, 
Haemodorum loratum, O/ax scalariformis (a l l  Pr ior ity 3 )  
and Macarthuria ape/a/a, Lysinema elegans, Pithocarpa 
achilleoides (al l  Prior ity 2) were al l recorded on the 
reserve. Several large popu lations of Dryandra echinala 
occur wi th in areas of Vegetation type 6. These are the 
largest known populat ions on a reserve. 

A popu lat ion of Banks/a chamaephyton (Pr iority 4) on 
the eastern s ide of the reserve represents a southerly 
exten ion of the known range of th is  species wh ich unti l 
recently was dec lared rare and endangered . The record of 
laxmannia omnifertilis i s  a southerly range extension (by 
about 70 km, from north of Cataby) of a species wh ich has 
been rel atively wel l surveyed. 

In shal low sands over laterite at Quadrat 6, Eucalyptus 
decurva was found. Th is is a predominantly south-coast 
species recently found near Northam and near New Norcia 
(M.  Brooker, personal communicat ion;  B rooker and 
K le in ig 1 990). The population at Boonanarr ing is the 
farthest north-west known occurrence. Also of i nterest is 
another eucalypt, E. lane-poolei. With in Boonanarri ng 
Nature Reserve th is species forms sparse woodlands on 
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laterite derived sands and near the G ingin Scarp which 
runs down the western edge of the study area. Th is is one 
of several d i sjunct populations which occur to the north of 
the bul k  of the species' range, which is south of Perth 
(Brooker and K leinig 1 990). At the same si te 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 several previously unknown 
species were first co l lected from the reserve, including 
Tetratheca aff. hirsuta (JJA 1 53) and several undescribed 
orch id species (S.D. H opper 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 wel l  as trees with dark green leaves 
(subsp. marginata). This is the most northerly record for 
subsp. thalassica.  Popu lat ions of Sty/idium leptocalyx and 
S. carlquistii are the only ones found on nature reserves,
making this reserve important to the conservation of these
species .

TABLE 3 
B iogeograph ical ly i n terest i ng , s igni l icanl or unusual p lant 
occurrences known from Boonanarr ing Nalure Reserve . 

SPECIES 

SCHIZAEACEAE 
Schizoeo fisfuloso 

POACEAE 
Eriochne ovolo 

CYPERACEAE 
Schoenus efoliolus 
Telrorio copilloris 

REST IONACEAE 

COMMENT 

norlhern l im il , previously Mucheo 

sou lhweslern l im il ; closes! popu lo1ion Bakers 
H i ll 

northern l im i t 
northern l im it, extension from Bussellon 

Ecdeiocoleo monoslachyo at southern l im i l  of range 
Onchysepolum loxillorum at southe rn l lm i l  ot range 

DASYPOGONACEAE 
lomondro hosiills 
lomandro off. m icron/no 

ANTHERICACEAE 
Boryo scirpoideo 
loxmonnio omnifer/i/is 
loxmonnio sessilillora 

subsp . ousrrolis 
loxmonnio squorroso 

HAEMODORACEAE 

a l  soulhern l im i t o f  range 
populat ion apparen tly referable to 
l . microntho subsp. terelifolio, previuosly
recorded from Albany to Cope Ar id 

only popu lation known from north of Perth 
southernmost known populo l ion 

ot or near northern l im i t of this subspecies 
no r lhern·mosl known population 

Anigozonlhos pulclierrimus uncommon; sou thern ex tens ion of range lfrom 

Hoemodorum lorofum 
Phlebocoryo filifolio 

ORCHIDACEAE 
Colodenio 'orenlco/o' 

Colochilus off. roberlsonii 

Corybos obdilus 

PROTEACEAE 
Bonkslo burdellli 
Bonkslo chomoephyton 

Bort lell 's Weill 
Pr io i r ity 3 species 
rarely collected , Prio rity 2 species 1 

nor th-easte rn l imit ot range; unusua l away 
from coasta l pla in  
northern·mosl occurrence; range extension 
from near Perth 
nor thern-mosl occurrence ; range extension 
from Busselton·Albony reg ion 

soulhern·most record 
until recen tly dec la red endangered; 
southern-most known population; Priority 4 

Ta ble 3 (cont inued) 

Bonksio micron/ha 

0ryandro echinolo 

Grevilleo soccolo 

lomberlio multiflora 
var. mu/tifloro 

lsopogon adenonlhoides 
lsopogon /ineoris 
Petrophile scobriusculo 

AMARANTHACEAE 
Plilotus drummondii 

OIACACEAE 
O/ox scolon'formis 
O/ox sporleo 

RANUNCUIACEAE 
Clemo/is pubescens 

DROSERACEAE 
Drosero pu/clie//o 

MOLLUGINACEAE 
Mocorlhurio opetolo 

MIMOSACEAE 
Acacia clydonophoro 
Acocia cummingiono 
Acocio pulchello 

vor. rellexo locuminote 
brocteole varian ll 

PAPILIONACEAE 
Aolus grocillimo 
Bossioeo orno to 
Ooviesio slriolo 
Gompholobium scobrum 
Splioero/obium vimineum 

RUTACEAE 
Boron/a molloyoe 
Boron/a purdieono 

TREMANDRACEAE 
Telratheco off. liirsulo 

POL YGAIACEAE 
Comespermo virgotum 

RHAMNACEAE 
Cryptondro scoporia 
Stenonlhemum humilis 

MYRTACEAE 
Agonis lineorifolio 

Co/ytrix sylvono 
Co/ylrix voriobi/is 
Eucolyplus decurvo 

Eucolyplus /onepoolei 

Eucolyplus morginoto 
x lodliono 

Homolospermum lirmum 
Kunzeo ericilolia 
Perico/ymmo elliplicum 
Verlicordio poludoso 

APIACEAE 
Plorysace ramoslsslmo 

EPACRIDACEAE 
Asrrolomo mocrocolyx 
Conoslephium minus 

Prior ity 3 species; southern extension of 
known range 
Priority 3 spec ies; extensive populations on 
the reserve 
Priority 4 spec ies; soulhernmast known 
popula t ion;  only known popu lation not on o
rood verge 

near southern l imit of range 
soulhern·mosl known popu lation 
soulhern·mosl known popu lation 
furlhest south record 

northern end of range 

Pr iority 3 species 
soulhern-most known population 

norlhern·most record 

norlhern·most known popula tion; usually Perth  
to  A lbany 

Priority 3 species 

Prior ity 4 species ,  o t  southern lim i t  of range 
Prior ity 3 spec ies,  o l  southern lim i t  of range 

Priority 3 spec ies 

northern-most known population 
nor thern·most known popu la tion 
northern·most known popu lation 
northern-most known popu lation 
northern-most known popu lation 

norl hern·most known popula t ion 
?easte rn marg in of range 

F i rst k.nown local ity of undescribed spec ies, 
proposed type locality 

northem·most known popu la tion 

poorly collec ted 
sou thern-most known populo l ion 

one of only n ine records; norlhern·most 
popula tion known; range exlension 
Priority 4 spec ies 
reslricted range 
very unusua l occurrence, only lwo other 
populations nol on the Soulh-Coost. 
patchy occurrence along ond near the 
Dor l ing and Ging in Scarps; uncommon 

only known hybrid between lhese two toxo 
nort hern·most known popu lation 
norl hern·most known population 
near northern limit (Moore R iver) 
Prio r ity 4 species 

rare ly col lecled ; second known populo l ion 
ond the only one known on o Nature Reserve 

poorly col lecled 
Prio r ity 4 species 
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Table 3 (cont inued) 

SPECIES 

leucopogon oligonlhus 
leucopogon oxycedrus 

/nulons 
leucopogon 

cf. verlicillolus 
lysinemo elegons 
Styphelio tenuifloro 

LENTIBUlARIACEAE 
Ulriculario violaceo 
Ulriculario volubilis 

LOBELIACEAE 
lobelia lenuior 

STYLIDIACEAE 
Stylidium olbo-lilacinum 
Stylidium off. 

rl1yncl,ocorpum 

Sty/id/um carlquisl/i 

ASTERACEAE 
Aslerideo pulverulenlo 
Blennospora drummondii 
MilloHo lenuifolia 
Pithocorpo ocliilleoides 

CO/v\NiENT 

Prio r ity 3 spec ies 

no r 1hern-mosl known population 

nor lhern-most known population 
Priority 2 species 
near nof lhern limi l  

nor lhe1 n·mosl known popula tion 
nor lhern·mosl known popula tion 

northern-mosl known popula lion 

rarely collecled 

eit her o new species o, norlhem·mosl 
occurrence of S. ,/,ynchocorpum 
Priority 1 spec ies. on ly known occurrence 

nor lhern-mosl nown popula tion 
reslricled 
pocdy collected 
Priority 2 species; widespread 1h,oughou t the 
Nolure Reserve 

1 CAIM F loro Conservolion Codes los al l <l Seplember 1 9951 IAlkins
1 995) 

Decla red Rare F loro · Ex1on l  Toxo ; Toxo which hove been odequoiely 
searched for ond ore deemed lo be i n  t he w i ld e i l her rare , i n  danger of 
exl incl ion, or oiherwise in need of special  proleclion , ond hove been 
gozelled a, such .  

Priority One · Poorly Known Taxo · Toxo wh ich  ore known l rom one or o 
few !genera lly <5) populo l ions which ore under lhreol , eilher due lo small 
populal ion s ize, or being on lands under immed io le lhreol ,  e .g . rood 
verges, urbon oreos, farmland, oclive m ineral looses , elc . ,  or lhe pion s 
o re under threol, e .g .  from d isease . g raz i ng by feral an imals. elc . Moy 
include loxa wi th lhreolened popu la tions on p rolecled lands .  Such taxo 
are under considero l ion for declarol ion as ' rare f lora ' ,  bu1 ore in u rgent 
need of fur1 her survey. 

Priori ty Two · Poorly Known Toxo : Toxo wh ich ore known from one or o 
few lgenero lly <5) populo 1 ions, al lemt some ol which ore nol bel ieved 
lo be under immediate 1hreo1 ( i . e  nol current ly endangered! . Such laxo 
ore under consideralion for declarol ion os ' rare f lora ' , bul ore in  u rgenl 
need of fu rt her survey. 

Priority Three - Poorly Known Toxo : Toxa wh ich  ore known from severa l 
populo1 ions, al least some of which are nol bel ieved lo be under 
immedia te lhreol ( i .e .  nol cur renlly endongeredl. Such loxa ore unde r 
considera l ion for declarol ion as ' rare flora ' bul are in need of fur l her 
su rvey. 

Priority four · Rare Toxo: Toxa which ore considered lo hove been 
adequolely surveyed and which, wh i ls1 being rare l i n Ausl ra l io l .  ore nol 
currently lhreotened by any ident i fiable foclors . These loxo requ i re 
mon i toring every 5- 1 0 years. 

Fishes 

Three ind iv iduals of the Western Pygmy Perch (Edelia 
vittata) were captured near the head of Boonanarr ing 
B rook. 

Frogs and Reptiles 

Three frog and 1 8  repti le species were detected on the 
reserve duri ng the assemblage survey i n  March, and 
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another two frog and two repti le species were recorded 
opportun istica l ly  at other t imes (Table 4). Six species were 
detected once on ly  at a s ingle sample s i te: Heleioporus 
eyrei, P/etho/ax graci/is graci/is, Morethia obscura, 

Ti/iqua rugosa, Vermice/la cafonotos and Pseudonaja 
affinis.  However, four of these, /-/eleioporus eyrei, 
Morethia obscura, Tiliqua rugosa and Pseudonaja affinis, 
are common and widespread species i n  the south-west of 
the S tate and are l ikely to be more common and 
widespread in the study area than these data suggest. 

TABlE 4 

Rept i le and amphibia n species recorded from each sample 
s i le on Boonona r r ing Nalure Reserve.  

SPECIES 

F rogs 
Hylidae 

lilorio adeloidensis 

leplodoctyl idoe 
Heleioporus eyrei 
Mnodynosles dorsolis 
Myobotrochus gouldii 
Ronidella glouerli 

Rept i les 
Gekkon idoe 

Crenodoctylus 
oce/101us 

Pygopodidoe 
Aprasia repens 
Delma froseri 
Uolis burlonis 
Plelholax grocilis grocilis 
Fygopus lepidapadus 

Sc incidae 
Cryploblephorus 

plagiocepholus 
Ctenolus lo/lens 
leris/o dislinguendo 
lerislo praepedila 
Morelhio obscure 
Ti/iquo rugosa 

Ago midoe 
Pagano minor 
Tymponocryplis 

odeloidensis 

Boidae 
Morelio spi/010 

Elopidoe 
Vermicello bimoculalo 
Vermicello colonolos 
Verm ice/lo semifoscialo 
Notecl,is cur/us 
Pseudono;o a/finis 

Number of species 
a l  each si te: 

SITE 

1 2 3 4 5 6 7

X 

X X X 
X X 

X 

X X X X X 
. X 

X 

X X 

X X 

X X 
X X X X

X 

X 

X 

X X X 

X X 

X 

X X 

X X 
X 

1 1  5 7 6 5 2 <l 

OPPORTUN IST IC 

RECORD 

* 

Xlscorp) 

X!sca!p) 
. 

X(scorp) 

X 

Al l records except • were mode during lhe assemblage su rvey in Morch. 
'Scarp' refers lo lo leri tic breakaway surfaces of lhe Gingin Scarp ,  
between Siles 2 and 3 .  
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Table 5 shows the number of indiv iduals of each 
species captured in pitfal l  traps and duri ng diurnal 
searches. Pitfall captures equate with the total number of 
individuals captured since there were no recaptures . Only 
eight species (three frog and five rept i l e  species) were pit
trapped. Twelve species of rept i les were detected only by 
act ive searching techn iques . 

TABLE 5 

Total numbers of each frog and rept i l e  species recorded 
from pitfal l  traps and d i urna l searches at sa mple s i les on 
Boonana rr i ng  Nature Reserve, 1 7-2 3 Morch 1 9 86 . 

SPECIES 

Frogs 

Heleioporus eyrei 
Umnodynosles dorsolis 
Myobotrochvs govldii 

Rept i les 

Crenadactylvs ocellalvs 
Aprasia repens 
Delma /roseri 
Pletholox graci/is gracilis 
Pygopus /epidopodus 
Cryptoblepharus plagiocephalus 
Clenolus /a/lens 
leristo distinguendo 
lerisro proepedila 
Morefhio ob5cvro 
Ti/iqua rvgosa 
Tymponocrypfis odeloidensis 
Pogono minor 
Vermicello bimocu/ola 
Vermicello ca/ono/os 
Vermicello semifoscio lo 
Nolechis cvrlus 
Pseudono;o a/finis 

Number of species : 

Birds 

METHOD 

P i tfa l l  D iurnal 

traps sea rches 

1 
5 

5 

I 

8 

3 

1 
1 
2 
2 
8 

I 

1 
3 2 
2 

4 
1 
2 
1 
1 

8 1 6  

SAMPLE 

SITE 

I 

3 ,4 ,7 
3 ,4 

5 

1 , 2 , 3 ,5 , 7 
5 

2 

3 ,5 
1 . 4 
1 , 6 

1 , 2 . 3 ,4 
7 
6 

2, 3 , 5  
7 

1 , 2 
1 

1 .4 
1 , 3 
2 

l n  the March survey, 47 species of b irds were recorded in 
the reserve (Table 6) . A further 27 species were recorded 
on other occasions, sometimes opportunist ical ly, provid ing 
a total of 74 species known for the study area. A chestnut
shouldered fairy-wren (poss ibly Malurus lamberti) was 
also seen, but not wel l  enough to d i stinguish i t  re l iably 
from the two other species wh ich could occur. In any case, 
the occurrence is of interest, being outs ide the normal 
range of these species. The Laughing Kookaburra was the 
only introduced species recorded. A l l  species were w i th i n  
their known ranges (Storr 1 99 1 ) . A total of 30 fami l ies 
were represented (taxonomic groupings used were those of 
Christ id i s  and Boles 1 994). Prom i nent famil ies i ncluded 
Mel iphagidae (honeyeaters, 1 1  species), Accipitr idae 
(hawks and eagles, 6) and Pardalotidae (pardalotes, 
thornbi l ls and al l ies, 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, 
opportunistical ly, an add it ional four native (all bats) and 
three introduced species were recorded away from the 
permanent sampl ing s i tes (quadrats) (Table 7). A species 
account is presented in Appendix 5. The l ist of native 
species comprised three smal l ground mammals, five bats, 
two macropods and the echidna. A l l  are within their 
known geographic ranges. 

Three native and one introduced small mammal 
speci es were trapped (Table 7) . Appendix 6 l ists the total 
number of individuals captured from individual trapl ines at 
each site. Honey Possums ( Tarsipes rostratus) had pouch 
young at the t ime of the su rvey (March) and several Mus 
were in breeding condition (one female was pregnant). 
One male Pseudomys albocinereus was in breeding 
condit ion , suggesting that l imited breed ing may have been 
occurring at the t ime of survey . Captures of j uveni les and 
an ad ult female Sminlhopsis griseoventer indicated that 
the species had successfully bred on the reserve before 
March. Males of three bat species, Nyctophilus gouldi, N. 

geoffroyi and Vespadelus regulus showed breeding 
condit ion, although we have no reproduct ive information 
from females to confirm b{eeding activity in March .  (See 
Appendix 5 for further detai ls .) 

DISCUSSION 

Floristics and Vegetation 

Boonanarr i ng Nature Reserve is of cons iderable botanical 
significance as it represents the transition zone of 
vegetation associations of the Swan Coastal Plain, Darling 
Scarp and the Dandaragan Plateau. These are primari ly the 
wood lands of the Muchea-G ingin area and the heaths 
(kwongan) of the Mogumber area. 

This transition is reflected in the floristics of the area. 
Griffin ( 1 994) ut i l i sed the quadrats established for this 
study, and others he establ ished in the reserve, in h i s  
analysis of  the  floristics of the  sandplains between Perth 
and Geraldton. S ites from Boonanarring fell i nto four 
wood land and heath groups (20-5 ,  20-6 (heaths), 20-7 and 
20-9 (wood lands)). The heath groups had northern
affin i t ies with those in Boonanarring near their southern
l im its. The wood land group 20-7 also was a northern
group, whi le 20-9 was essential ly a group al l i ed to the
Dandaragan scarp extending from Wannamal to
Bul l sbrook. G ibson and Keighery (personal
commun ication) using Griffin ' s  sites, those from the Swan
Coastal Plain survey (Gibson et al. 1 994) and from the
Department of Environmental Protection 's  System Six
update study ( 1 996), have also found that floristic sites
from Boonanarr ing have affinities to heaths and
woodlands north and south of the reserve, rather than the
adjacent coastal p lain .  These data are currently being
prepared for publ ication elsewhere.

1 6 1  
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TABLE 6 

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

C0/1/vV\ON NAME SCIENTIFIC NAME SITE 
2 3 4 5 6 7 Opp. 

Emu Dromoius novaehollandiae + + + + 
Australian Shelduck Todorno todornoides + 
Pacific Block Duck Anos supercilioso N 
Black-shouldered Kile Elanus oxilloris + 

Whistling Kile Halioslur sphenurus + 
Brown Goshawk Accipiler fascia/us R 
Collared Sporrowhawk Accipiler cirrhocephalus + 

Wedge-toiled Eagle Aquila oudax + 

Little Eagle Hieraaelus morphnoides + 

Brown Falcon Falco berigora + + + + 
Australian Hobby Falco longipennis + 

Australian Kestrel Falco cenchroides + 

Painted Butlon-quail Turnix vorio ? 

Common Bronzewing Phaps chalcoplero + 

Crested Pigeon Ocyphops lophotes + 

Short-billed Black-Cockatoo Calyplorhynchus lotirosfris ➔• + 
Galah Cocotuo roseicopillo + 

Purple-crowned lorikee! Glossopsillo porphyrocephala + ·t· 

Australian Ringneck Bornordius zonorius + + + + 

Red-copped Parrot Purpureicepholus spurius + 

Pallid Cuckoo Cuculus po//idus + 

Fan-toiled Cuckoo Cocamonris flobel/iformis + 

Horsfield's Bronze-Cuckoo Chrysococcyx bosalis + 
Shining Bronze-Cuckoo Chrysococcyx lucidus + 

Southern Boobook Ninox novoeseelondiae + + 

Barn Owl Tyto alba N 
Tawny Frogmou!h Podargus sfrigoides + 

Australian Owlet·nightjar Aegotheles eris/a/us + 

laughing Kookaburra Dacelo novaeguineoe + + +
Sacred Kingfisher Todiramphus sane/us + 

Rainbow Bee-eater Merops ornolus +

Splendid Fairy-wren Molurus splendens + + +

White-winged Fairy-wren Malurus leucoplerus + + + + 

Striated Pardalote Pordololus slrialus + + 
Weebill Smicrornis brevirostris + + 

Western Gerygone Gerygone Fusco + + + + + + 
Inland Thornbill Acanlhizo apicolis + 

Western Thornbill Aconlhizo inornalo + + + + + 

Yellow-rumped Thornbill Aconlhizo chrysorrhoo + + + 

Red Wattlebird Anlhochoera coruncu/olo + + + + + 

Lillie Wolllebird Anlhochaera chrysoplero + + + + + 
Yellow-throated Miner Manorina flavigula + 
Singing Honeyeater Lichenostomus virescens + + + + + 

Yellow-plumed Honeyeater Lichenoslomus ornalus N 
Brown-headed Honeyeoter Melilhreplus breviroslris + + 

Brown Honeyeoter Uchmero indislincla + + + + + + + -�

New Holland Honeyeater Phylidonyris novoeho/londioe + 

Towny-crowned Honeyeoler Phylidonyris melonops + + + + + + 

Weslern Spinebill Aconthorhynchus superciliosus + + + + + 
White-fronted Chol Ephlhianura olbifrons + 

Scarlet Robin Pelroico multicolor + + + + 

Red-copped Robin Petroico goodenovii + 
Hooded Robin Melonodryos cucul/o/a + 
Varied Sitlella Daphoenosilla chrysoptero + + + 

Golden Whistler Pochycepholo peclorolis R 
Rufous Whistler Pochycephola rufivenlris + + + + 

Grey Shrike-thrush Colluricincla harmonica + + + + 
Magpie-lark Grollina cyonoleuco + 
Grey Fantail Rhipiduro fuliginoso + + + + + + 

Willie Wagtail Rhipiduro leucophrys + 
Block.faced Cuckoo-shrike Corocino novaehallandiae + + + + + + 
White-winged Triller Lologe sueunii N 
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Table 6 !cont inued) 

COMMON NAME SCIENTIFIC NAME SITE 
2 4 6 7 0 

Black-faced Waodswol low Arlomus cinereus + + + 

Dusky Wood swal low Arlomus cyonoplerus + 
Grey Butcherbird Crocticus torqualus + + + + 
Aus t ra l ian Magpie Gymnorhino tibicen + + 

Austro l ion Raven Corvus coronoides + + 
R icha rd's P ip i t  Anthus novoeseelondiae + 
Mistletoebird 0icoeum hirundinoceum + 
Whi te-bocked Swal low Cheromoeco leucoslemus + + 
Welcome Swal low Hirundo neoxena + + 
Tree Mart i n  Cecropis nigricons + + + + + + 
Rufous Song la rk Cinclorhomphus molhewsi + 

Si lvereye Zosterops loterolis + + + + + + 

Number of species 1 3  l O  1 9  1 7  1 9  9 24

Total number of species recorded = 7 4 

R = species recorded du r i ng an RAOU excursion i n  June 1 989 I R .  van Delft, personal communicat ion) and  N = recorded duri ng 
Western Austra l ian Natural i sts Club excursions in  October 1 992 IH . and K.  F rederiksen, personal communicat ion)  and August and 
October 1 995 I R .  Roe, personal communicat ion) ,  but not duri ng earl ier  sa mpl ing . 
Opp. = opportun istic s ight ings, away from detai led sa mpl ing quadrats . 
Nomenclature and order fo llows Chrislid is  and Boles 1 1 994 1 .  

The topographic complex ities of the  area are reflected 
by the soil  patterning and hence patterns in the species
r ich vegetation. Although there are few comparabl e  
studies, the l ist  o f  5 7 3  species recorded a t  Boonanarring is 
similar to that recorded from John Forrest National Park 
(590+ species) (Mattiske and Associates 1 99 1 ; Armstrong 
and Mu ir I 994; Foulds and Parsons 1 996), al though the 
latter is a rather smaller area (ca 2550 ha) but more 
intensively studied. The l ist from Boonanarring is also 
comparable with the 624 species recorded in and around 
93 quadrats ( each I O  x 1 0  m, across a study area of about 
2400 km2) in the Moore R iver to Jur ien Sandplain Survey 
(Griffin and Keighery 1 989). 

The records of Laxmannia omnifertilis, Ecdeiocolea

monostachya, Banksia chamaephyton, Grevillea saccata, 

lsopogon adenanthoides, Jsopogon linearis and Pileanthus
filiformis are the southern most for these taxa and are 
further ev idence of the influence of the kwongan 
vegetat ion boundary . Conversely, the northern-most 
records of Schizaea jistulosa, Eriachne ova ta, Borya 

scirpoidea, Laxmannia squarrosa, Gompholobium 
scabrum, Agonis linearifolia, Eucalyptus marginata ssp. 
thalassica, Homalospermum jirmum, Kunzea ericifolia 

and Pericalymma ellipticum indicate the influence of the 
Darl ing Province flora. The number of vascu lar plant 
species recorded for Boonanarring Nature Reserve wi l l  
undoubtedly increase with further sampl ing 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, incl uding two subspecies), Banksia
( 1 1 ) , and Acacia ( 1 5) . Reasons for this are unknown but 
can be attributed in part to the mosaic of so i l  and 
vegetation associat ions.  Many of the more unusual species 
such as Eucalyptus lane-poolei were found in transitional 
zones or ecotones, particularly where Karamal and 
Moondah so i l s  adj oin. 

TABlE 7 

Mamma l  species recorded 01 each sample s i te on 
Boonana rri ng Nature Reserve, February to August 1 986 . 

SPECIES 

Tochyglossus oculeorus 

Sminlhopsis griseovenler 

Torsipes roslro lus

Moc,opus fuliginosus 

Mocropus irmo 

Nyclinomus ouslro//s 

Nyclophilus geollroyi 

Nyctophilus gouldi 

Chalinolobus gouldii 

Vespodelus regulus 

Pseudomys olbocinereus 

Mus musculus 

Vulpes vulpes 

Fe/is carus 

Oryclologus cuniculus 

Canis fomilior/s 

X = coplu re or s ight record 
S = seals, lrocks 
D = d iggings 
* = Sminlhopsis sp.

SITE 

1 2 3 4 5 6 7 

D D 
X X 
X X X X 
s s X X s s s

X X 

X 
X X X X X X 
X X X X X X 

RECORDED 
OPPORTUN

ISTICALLY 

D 
* 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
s 

Opport�n is l ic records were mode owoy from 1he seven sample s i les . A 
desc riplion of lhe vegela l ion at each s i te is g iven in Appendix l . 
Taxonomic order of nolive species fol lows Sirohon 1 1 9951 . 
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The reserve contains the most extens ive example of the 
poor ly conserved Banksia wood lands on Dandaragan so i l s  
(the Cu l l ala complex). earby, on the Swan Coastal Plain, 
Moore River ational Park also supports large areas of 
Bank.sia wood l and, but these occur on Bassendean d u nes 
of deep grey sand. The rest of the national park consists of 
subdued swales supporting pr i mar i ly  wet heaths .  I t  has 
been est imated ( Beard and Sprenger 1 984) that Banksia 
woodlands i n  Western Austra l ia  or igina l l y  covered 
6229 km2 of wh ich 6 1  per cent is now a l ienated land where 
the vegetat ion is presumed cleared . A l l of an esti mated 
680 km2 of Banksia wood l and with scattered Eucalyptus is
now on a l ienated land. A pprox i mately one th ird of a l l  
/3anksia woodlands were fo u n d  on t h e  Dandaragan 
P l ateau, reach ing an opt imum on the Swan Coasta l P l a in 
between Muchea and Cataby and extending northward 
along the Dandaragan P l ateau to the m idd le  of Watheroo 

ationa l  Park ( B eard 1 989). H opper and Burbidge ( I  989) 
estimated that only 7 per cent o f  the orig i na l  28 1 000 ha of 
/lank\'ia wood land on the Swan Coastal  Pla i n south of 
Lancc l in  were on conservation reserves. Banksia 
woodlands in general are under threat from rapid urban 
and rural devel opment and degradat ion owing to weed 
invasions and recreational usage. 

Boonanarring Na ture Reserve contains extensive areas 
of Ba11ksia woodland with !iucalypt11.1· todtiana and 
E. /ane-poo/ei .  W i th fu rther su rvey ut i l i zing quadrat-based
data, the two Banksia woodland associations described
could be redefined based on the understorey species
compos it i on .  A q uanti tat ive analysis of the vegetation

using quadrats would be ex pected to con fi rm analyses
e l sewhere ( 1-l avcl 1 968 ;  Dodd and Gri rll n 1 989) that soi l
leaching and moisture avai labi l i ty are the major
determ inants o f  variabi l ity w i th in  the Banksia woodlands .  
The species richness of unbounded sam p l i ng s i tes wi th in  
our  study s i te ranged from 68 at  s i te 2 to  l 0 8  at  s i te I 
(mean = 92) .  These cannot be d i rect ly compared with 
bounded sites but indicate that Banksia wood lands w i th i n  
Boonanarri ng N ature Reserve may be more species-rich 
than those reported in other studies. In 83 quadrats, each 
400 1112, in Bank1·ia wood land in the Perth region ( Dodd 
and Gr iffin 1 989) perenn i a l  species richness var ied from 
1 6  to 5 3  species per site. Dom inant woody fam i l i es fou nd 
within the !Janksia wood lands were My rtaceae, 
Proteaceae, Pap i l ionaccac and Epacridaceae i nd icat ive  of 
the i n fl uence of K wongan flora spec i es .  Allocasuarina 
.fraseriana, usua l ly  a co-dom i nant i n  Banksia wood l ands 
south ofY anchep Nat ional Park (Beard 1 989), is  
apparent ly absent from Boonanarr i ng Nature Reserve. 

Jarrah forest on Boonanarring ature Reserve is 
extens ive and basica l l y  s im i lar to that on the Swan Coastal 
P l a in and Darl i ng  Scarp in being rich in species.  Jarrah 
forest is relat ively wel l  represented on conservat ion 
reserves, bei ng the predomi nant vegetat ion associat ion 
with i n  John Forrest Nationa l Park, Moondyne ature 
R eserve and Walyunga at iona l Park . I t  is also 
widespread in State forest .  The jarrah forest ty pes found i n  
the reserve correlate strongly with s o i l  type and land form, 
in the manner described by Havel ( 1 975a) .  The best 
developed, tal ler jarrah forest on the gravel l y  uplands has 
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been heav i ly exp lo i ted for t i mber at unknown times i n  the 
past . Stands of Banksia grandis and Dryandra sessilis 
often occur nearby, depend i ng on so i l  depth and slope.  On 
the deep, sandy plains and swales between laterite 
breakaways the slower growing, straggly jarrah open 
m ixed wood land (vegetation Type 7) appears to have been 
affected in some areas by severe wi ldfires . In burnt 
vegetat ion enst of s i te 7 the understorey is dom inated by 
Srirlingia latifolia in stark contrast to the more species r ich
unbu rnt site. The establ ish ment of permanen t mon i toring 
quadrats w i th i n  areas that are to be prescript ion bu rnt may 
i nd icate whether species d i versity is affected in the long 
term . A l though Bel l and Koch ( 1 980) suggest that r ich ness 
and d iversity are not reduced by fire in j arrah forest, their 
study was carr ied out in d i fferent vegetat ion types in 
h igher rainfal l areas to the south,  and the effect of s i te to 
s i te var iat ion is  not clear from their data. There is st i l l a 
need to follow ind ividual s i tes through t ime .  

The d istribut ion of wandoo wood land is l imited within 
the reserve, bei ng restr icted to areas where the G ingin 
Scarp adjoins the Moondah soi ls un i t .  A t  these junct ions 
massive exposed consol idated lateri tes w i lh heavy 
textured soi l s  occur over clays which remain  wet in winter 
and bake over summer.  A lthough l i m i ted i n  s i ze, the 
wandoo woodlands may prove, with fu rther sampl ing, to 
be hab i tat  for a number o f  fl ora and fauna species not 
occurring in other parts of the reserve. 

Fishes 

The one species col l ected (Edelia vittata) is wi th in  i ts
known range, wh ich is from the Ph i l l i ps R i ver on the south 
coast to the Moore R iver, D l i l t le to the north of our study 
area (A l len L 982). More extensive sam pl ing, using a 
broader range of techniques to detect secretive and 
nocturnal fish, would probab ly reveal the presence of other 
species . 

Frogs and Repti les 

A reasonably d iverse herpetofauna, compris ing five frog 
and 20 rept i le  species,  was detected in the study area. Data 
from the Swan Coastal Pla in and Dar l ing Range near Perth 
(How and Del l 1 994) suggest that fu rther work at 
Boonanarr ing wou ld reveal the presence of add i t ional  
species . Al l  species detected at Boonanarring are within 
thei r known geographic ranges. However, two records are 
of particu lar s igni ficance. U n t i l  recent ly ,  Vermicella 
calonotos was declared endangered . I t  s t i l l  has on ly an 
extremely restr icted geograph ic d istri bution i n  the south
west, from Lance l in  to Mandurah (Storr el al. 1 986; 13 ush 
el al. 1 995) .  W i th i n  th i s  range, the spec ies  has prev iously 
been recorded only rarely outside the coastal belt 
(Quindal u p  and Spearwood Dune Systems of McArthur 
and Bettenay ( 1 960)). These records are from the coastal 
p l!lin at Bul lsbrook, Caversham and R i verton, and in 
Banksia wood land at Mool iabeenee on the Dandaragan 
P l ateau (Bamford 1 985 ,  L 986 ;  Storr et al. 1 98 6) .  Our 
record from sands at the base of the Gi ngin Scarp is an 
add it ional  i n land record . The second record of part icular 
i n terest i s  the Carpet Python, Morelia �pi/ota imbricata, 
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which is declared ' i n  need of special protection ' .  
Several other records are also o f  some interest. Three 

species of Vermicella (smal l fossorial snakes) were 
detected at one s ite (Site 1 )  at the base of the G i ngin 
Scarp. No microhabitat d i fferences were apparent, 
suggesting that the three are syntopic. A total of five 
species of Vermicella are known to occur sympatr ical ly on 
the coastal plain from Perth to the Moore River (Storr 
et al. 1 978); interestingly, all five occur in a relatively 
smal l area at Bol d Park in the western suburbs of Perth 
(How and Dell 1 994). 

Ou r l ist is c learly not exhaust ive since the 
herpetofaunal su rvey was brief and trapping was restr icted 
to one season .  There was also a d ifference in sampl ing 
effort between sandy and lateri t ic sites (no pit-trapping) 
and overa l l ,  capture rates were low; for example ,  seven 
species were represented by one specimen recorded at one 
sample s ite only. Th us apparent absence from a s ite may 
not be rea l .  Further samp l ing in warmer weather would 
have resulted i n  more spec ies being detected, and at more 
sites . 

Nevertheless, several broad trends were ind icated. 
Seven species were detected only on deep sands at the 
base of the G i ngin Scarp and on the Dandaragan Plateau : 
Heleioporus eyrei, Pleiholax gracilis, Vermicella 
bimaculata, V calonolos, V semifasciata, Notechis curtus 
and Pseudonaja affinis. The first five are burrowing
species typical ly associated with sandy surfaces on the 
coastal plain between the Swan and Moore Rivers (Storr 
et al. 1 978 ; How and Dell 1 994; Ty l e r  et al. 1 994), wh i l e  
the last two are non-burrowing snakes. 

Four of these species were absent from our sites on the 
Dandaragan Plateau : Heleioporus eyrei , Pletholax gracilis, 
Vermicel/a calonotos and Pseudonaja affinis. However, the
fi rst three have been prev iously recorded i n  Banksia 
wood land about 1. 0  km away at Mool iabeenee (Bamford 
1 98 5) .  P. affinis has been recorded some 1 .0  km south-east
of there, near B indoon (Western Austral ian Museum 
records) .  

Four species were detected on ly at si tes on later ite or 
lateritic sands i n  gu l l ies between later i t ic r idges : 
Crenadactylus ocel/atus, Morethia obscura, Tiliqua 
rugosa and Pogona minor. However, al l  are known from 
the adj acent northern Swan Coastal Plain (Swan River to 
Moore River), where w i th the except ion of C. ocellatus, 
they are common (Storr et al. 1 978). C. ocellatus is scarce 
on the Swan Coastal Plain becau se of the paucity of 
su i tabl e  rocky habitat; the species is considered to be more 
common on the adjacent Darling Scarp and Pl ateau (Storr 
et al. 1978 ) .  Del l  ( 1 983 )  recorded i t  from 'woodland' and 
'granite ' on the Darl ing Scarp near Perth. 

The l ist of species includes four repti le species 
endemic to the west coastal sandplains from Geographe 
B ay to North West Cape: Pletholax gracilis gracilis, 
lerista praepedita, Ty,>ipanocryptis adelaidensis 
adelaidensis and Vermicella calonotos. 

A much richer herpetofauna than that detected by our 
survey is pred icted to occur on the reserve. How and Del l  
( 1 994) have demonstrated strong pattern ing o f  repti les 
across landscape gradients near Perth, and so one would 

expect significant differences between the lateritic upland, 
scarp deep sand sites within Boonanarring, result ing in a 
r ich repti le fauna. Records from a three-year pitfall trap 
study near Mool iabeenee (Bamford 1 985), 10 km south
east of the reserve, provide a comparison with our l ist 
(Appendix 7) . From Banksia woodland alone, Bamford 
( 1985)  recorded an addit ional four frog an d 1 6  repti le 
species . On current knowl edge of the geograph ic  
distr ibution, habitat associations and  status of each of 
these species,  a l l  cou ld occur on the reserve. The four 
frogs are most easi ly detected after winter rains when 
breed ing, and our failure to detect any of these species on 
the reserve is probably related to our survey work being 
restricted to autumn. Two points should be made, however. 
The frog Crinia georgiana has not been co l lected north of 
G ingin (Tyler et al. 1 994), but the Moo l iabeenee record 
i ndicates that the species occurs i n land in this region . 
Lerista christinae is an uncommon species and hence, i f  
present a t  Boonanarring, may be sparsely distr ibuted . Prior 
to the Mooliabeenee records, i t  was known on ly from 
sandplains near Badgingarra and near Eneabba (Storr el al. 
1 98 1 ) . 

We recorded four species on the reserve that are 
add itional to Bamford 's ( 1 985) l ist from near 
Mool iabeenee: Crenadactylus ocel/atus, lerista 
distinguenda, Vermicella bimaculata and Pseudonaja 
affinis. The presence of C. ocel/atus in the study area
appears to be related to the presence of su itable rocky 
habitat, and the presence of R. glauerti related to the
avai lab i l ity of surface water in Boonanarring Brook. 

A search of unpub lished Western Austral ian Museum 
records (to August 1 986) from the area with in a 25 km 
rad ius of G i ngin yielded records of an addit ional two frog 
and n i ne rept i le  species. These are l isted in Appendix 8, 
and are possible addit ions to the l ist for Boonanarring. Of 
note is that the reserve is very close to the known northern 
l i m it of Leiolopisma trilineatum at Gingi n Brook (Storr
et al. 1 98 I) which has its head-waters adj acent to the
southern boundary of the study area.

Birds 

We detected over 60 per cent of the 1 20 terrestr ial species 
recorded in the surrounding 1 ° x l • block during the 
RAOU Atlas of Austral ian birds survey (Blakers et al.

1 984 ) .  The RAOU survey was of a much larger area than 
our study s i te, extended over five years, i nvolved many 
observers in all seasons and covered a much greater range 
of habitat types . The number of species detected in our 
study s i te suggests that its av ifauna is reasonably rich for 
this general area. 

Most (65 per cent) of the species we recorded 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 composit ion, the avian 
communit ies of the eucalypt wood land sites at 
Boonanarr i ng appear more simi lar to those of eucalypt 
woodlands in the Yanchep area on the Swan Coastal P lain 
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(Burbidge et al. u npub l ished data) than to those of the 
Darl ing Range jarrah forests (Wykes 1 98 5 ;  Worsley 
A lum ina  Pty Ltd 1 985).  ot surpris ingly, there are 
numerous bird species i n  common between each of these 
sites, but there are also a number of d i fferences .  For 
example, Golden W histlers were common in the Dar l ing 
Range si tes, but they were absent from the Y anchep and 
B oonanarri ng s i tes ( a l though there is one opportun istic 
record of this species in eucalypt wood l and at 
Boonanarr i ng, they were probab ly once at  Yanchep (Storr 
and Joh n stone 1 98 8) and may h ave once been more 
com mon at Boonanarr ing) .  On the other hand ,  R u fous 
Wh istlers were commonly recorded at Yanchep and 
Boonanarr ing but on ly  rare ly recorded i n  the Dar l ing 
Range si tes. S i m i larly, Red-capped Parrots were more 
com mon in the Darl ing Range si tes than at Yanchep or 
Boonanarr i ng, whereas the opposite was true of the 
A ustral i an  (Port L i nco ln )  R ingneck. Brown-headed 
Honeyeaters were absent from the Dar l ing Range s i tes 
whereas W h ite-naped 1 -loney eaters were rarely recorded at 
Yanchep or Boonanarr i n g .  Yel low Robi ns, Whi te-brewed 
Scrubwrcns, Red-winged Fairy-wrens and Western 
Rosel las were recorded on ly  al some of the Darl i ng  Range 
s ites; on the other hand, some species preferr ing more 
open habitats (e .g. Singing H oneyeater) were not recorded 
in the Dar l ing R ange si tes, a l though th i s  species is known 
to occu r  elsewhere in the Dar l ing Range, part icular ly 
around towns ( I .  A bbott personal communication ) .  

I n  Banksia wood land about 10 km south-east at 
Mool iabeenee, Bam ford ( 1 985, 1 986) recorded about 
twice as many species per s i te as we d id  in Banksia 

wood land. However his was a d etai led study carr ied out 
over a l l  seasons over three years, and h i s  samp le  areas 
were m uch larger than ours .  A l l  species recorded in 
Banksia wood land by us were a l so recorded at 
Mool iabeenee. Boonanarr ing Banks/a woodland s i tes are, 
however, very s i m i lar in b i rd species r ichness and 
composit ion to th ose at Yanchep N at ional Park ( Burbidge 
et al. unpu b l i shed data) . The most noticeable di fferences 
between these two areas are that both Sp lend id  Fa i ry
wrens and New Hol l and H oneyeaters were absent from the 
Banksia s i tes at Boonanarr i ng, pres u mab ly because of the 
sparser shru b l ayer and absence of stands  of Calolhamnus. 

Heath land s ites at Yanchep ( Burb idge el al. 

u n pub l ished data) are r i cher in b i rd species than are
heath l a nd  si tes al the Southern Beekeepers Reserve
(Burbidge and Boscacci 1 989)  or those in the
Boonanarr ing  atu re Reserve. M ost of the b i rd species in
the Boonanarr i ng heaths were a l so recorded in heaths in
the other two areas .

Red-ta i led B l ack-Cockatoos occu rred i n  the area i n  the 
past ,  and as occasiona l v i s i tors i n  recent t imes ( Storr 
1 99 1  ). We d id  not record th is  species, but there seems no 
reason that i t  cou ld  not occur, un less su itab le nest s i tes 
h ave been destroyed .  

Mammals 

Ou r record of Nyctophilus gouldi is of biogeograph ica!  
i nterest. It  is the first from the Dandaragan Plateau and 
ind icates the species ' presence at the northern extremity of 

1 66 

CALMSclence 

the Dar l ing Range. There is a single record of the species 
from the Wheatbelt  ( J ibberd i ng, 1 982 - Western Austral ian 
M useum records) and an old record ( 1 949) from the 
n orthern Swan Coastal P la in at Muchea (Kitchener and 
Vicker 1 98 1  ) ,  40 km south of G i ng in .  However, all other 
Western Austral ian records are from the forests and 
woodlands of the mesie south-western corner from the 
Dar l ing Scarp near Perth (Kalamunda, 1 970) south to 
Pemberton ( 1 980) ( K itchener and V icker 1 98 1 ;  Western 
A ustra l ian Museum records) .  The species has been 
recorded as far east as Fran kland (Ch ristensen et al. 1 985 )  
on the edge of the  south-west forest b l ock. 

A n  add it ional four nat ive  ground mammal s have 
recent ly been recorded near Mool iabeenee, approx imate ly 
IO km south-east of the reserve. These are Cercartetus 

concinnus, Sminthopsis dolichura, Sminthopsis gran11/ipes 

and l.wodon obesulus (d iggings on ly) (Bam ford 1 985) .  A l l  
were recorded in Banksia wood land i n  t h e  period 1 983 to 
1 98 5 ;  the fi rst three were pi t-trapped ( Bam ford I 985) .  On 
current knowledge of the geographica l d istr ibut ion and 
hab i tat  associat ions of each species, the fi rst three may 
occur on the reserve and further p i t-trnppi ng, part icular ly 
i n  spr ing, is required to clari fy th is .  The presence of 
I. obesulus is  l ess l ike ly . On the Darl i ng  Scarp near Perth
th i s  species prefers dense heath understorey at the
breakaway edge ( De l l  and How 1 98 8 ) but there is l i t t le o f
t h i s  h abi tat at B oonanarring. Some fu rther d iscuss i on  i s
given below.

The effects on populations of smal l mammals of the 
extensive burning that has occurred on the reserve in 
recent years are unknown, but may be relevant to the 
apparent absence o f  at l east one spec i es, Cercartelus 

concinnus. Bamford ( 1 985, 1 986) found that sma l  I 
mammals i n  Banksia woodland at Mool iabeenee were 
more severely affected by fire than either rept i les or b i rds .  
Response to fire (suscept ib i l i ty) was found to vary 
cons i derably between d i fferent species and of the five 
species mon itored, Cercarletus concinnus was most 
adversely affected . I t, a long wi th  Pseudomys albocinereus, 

was not recorded at a l l immed iately fo l lowing fi re and 
took the longest t ime to reappear in samp l es after fire 
( t h ree years) . Effects o f  fire on a range o f  species near 
Perth are described in Harris ( 1 995 ) . 

I t  shou l d  also be noted, however, that ou r  survey was 
conducted in autumn when few p lant  species were 
flower ing .  C. concinnus i s  ncctarivorous and i nsect ivorous 
( Strahan  1 983) and al though l i ttle is known of the species ' 
popu la t ion b io logy, it is poss ib le that the species is more 
eas i ly  detected in spri ng and ear ly sum mer, corresponding 
with peaks i n  food sources . Kitchener and V icker ( 1 98 1 )  
l is t  a 1 962 specimen o f  C. concinnus from B i ndoon Creek .
K itchener el  al. ( 1 978) conc luded that the spec ies
appeared to be uncommon on the northern Swan Coastal
P l a in .  De l l  ( 1 983) l i sted C. concinnus as moderately
common on the Dar l ing Scarp, occurr ing mai n ly  in the
heath understorey of wandoo and j arrah wood l and s.

Sminthopsis dolich11ra is  pred icted to occu r  on the 
reserve. In addition to the Mool iabeenee records (two 
specimens pit- trapped in 1 985),  there is also one specimen 
( 1 979) from Banksia wood land near G i ng in  (K i tchener 
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et al. 1 984; Western Austral ian Museum records) .  At 
Mool iabeenee, the species was recorded infrequently and 
was less abundant than S. griseoventer (Bamford 1 985) .  
However, un l ike  S. griseoventer, S. dolichura was also pit
trapped in jarrah forest on laterite (M.J . Bamford, personal  
communication 1 986) and this  vegetat ion type is  
extensively represented in the reserve. 

Compared with S. dolichura, the local d i s tr ibution and 
status of S. granulipes i n  the region of the reserve is less 
easi ly assessed. Most records of S. granulipes since 1 920 
have been from the Western Austral ian wheatbelt and 
Eastern Goldfiel ds where characteristic habitat is low 
shrubland and surfaces of sand and sandy loam are 
preferred (Kitchener and Vicker 1 98 1 ;  K itchener in 
Strahan 1 983) .  However, Boonanarring Nature Reserve is 
close to several known capture s ites for the species : 
Banksia woodland at Mool iabeenee (Bamford 1 986), 
heath land communities in  Badgingarra National Park 
( 1 979; Kitchener and V icker 1 98 ! ) , heath land near Cataby 
( 1 993 ;  M.J .  Bamford personal communication) and at 
Eneabba ( 1 98 1 ;  Western Austral ian Museum records) .  I t  is 
noteworthy, however, that the Mool iabeenee record is of a 
single juven i le from a three-year program of monthly p i t
trapping (M . J .  Bamford personal communication) wh ich 
suggests that the species is currently com mon loca l ly ,  at 
least in Banksia woodland. The only other record from the 
vicin ity of the reserve is an old ( 1 934) record from nearby 
G ingin (Kitchener and Vicker 1 98 1 )  for wh ich habi tat 
information is unavailab l e .  Of interest also is that the 
species has previou sly been recorded at one local ity on the 
coastal plain north of Perth, in low heath on sandy soi l s  in 
the coastal belt at Cockleshell Gully Reserve ( 1 973 ,  1 974 ; 
Chapman et al. 1 977). However, it was not recorded in 
more southerly (Ki tchener et al .  1 978) or more recent 
(Burb idge and Boscacci 1 989)  surveys on the coastal 
plain, although p i t-trapping was not deployed in the 
former study. The most l ikely hab itat for the species on the 
Boonanarring Nature Reserve would appear to be the 
dense heathlands on sandy soi l s  in the eastern section, 
although it  may also be sparsely d i stributed in Banksia 
wood land .  lf S. granulipes is present, the reserve would 
provide addit ional unal ienated habi tat in the westernmost 
part of the species '  geographic range. 

Bamford 's  ( 1 985) record of lsoodon obesulus near 
Mool iabeenee, on availab le data, is the northernmost 
record of this species in the south-west, although sub
foss i l  records extend further north (Strahan 1 995) .  
Shortridge ( 1 909) i n  K itchener et al .  ( 1 978)  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
1 977/ 1 978 and 1 988 ;  here, i t  was found to inhabit
predominantly thick ly vegetated damp situations, typical ly
dense shrubland of Me!aleuca and Kunzea ericifolia over
low heath and sedgeland (K itchener et al .  1 978; Burbidge
et al. unpublished) .  On the Darl ing Range near Perth, the
species was reported to i nhabit dense riparian vegetation
(De l l  1 97 1 ;  Dell and How 1 988) .  There appears to be very
_limited suitab Je~habi .taLOILthcueseCYe..t o....s.up_p�---

I. obesulus and thus its occurrence seems unl ikely .
However, a permanently moist area supporting Mela/euca
wood land and sedgeland in the upper reaches of
Boonanarring Brook warrants further inspection .

A n  interesting absence from our l ist is Rattus fuscipes. 
Simi larly, the species was not detected near Mooliabeenee 
by Bamford ( 1 98 5 ,  I 986) and with in Yanchep National 
Park i t  is  now restricted in occurrence (B urbidge et al. 
unpubl ished) despite i ts having once been common at this 
latter site (How 1 978) .  Another recent survey (Ninox 
Wi ld l ife  Consulting 1 99 1 )  fai led to detect this species in 
John Forrest National Park on the Darl ing Scarp near 
Perth . Previously, we have found the species to be readily 
trappable in pit-traps near Cervantes (Burb idge and 
Boscacci 1 989) .  Its absence, specifical ly from our si tes at 
the base of the Gingin Scarp, suggests that immediately 
north of Perth the species may be restricted to the Coastal 
P la in and poss ib ly  decl ining. 

Management Issues 

In recent years, two major  activities causing deterioration 
of the conservation values of the reserve have been gravel 
m i ning and wood cutting. 

Gravel has been removed from several parts of the 
reserve on several occasions during recent years . Gravel 
min ing and construction of roads within the reserve for the 
extraction of grave l  has left problems of rehabil itation. 
Gravel has been extracted from the reserve with l ittle 
apparent regard for hygiene precautions to prevent the 
spread of d ieback (Phytophthora) and with l ittle apparent 
regard for the conservation status of the land. Some such 
areas need to be rehab i l i tated 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 
commun ication) . However, wood cutting has continued 
into recent t imes, resu I t ing in the creation of numerous 
tracks with no regard whatsoever to conservation values. 
Most recent wood cutt ing appears to have been for 
firewood and occurred in winter, when the risk of the 
i ntroduction and spread of dieback is greatest. 

Management wi l l  need to address the issue of 
rat ional izing the track system which has become excessive 
as a result of gravel mining and wood cutting activities. It  
may be appropriate to mechanicaily r ip 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 .  G iven the very high conservation 
values of the reserve, particularly for flora, fi re 
management must be a high priority (Harris 1 995). In 
relatively recent t imes, large segments of the reserve have 
been burnt with l ittle apparent regard for poss ib le 
i mpl icat ions concerning the conservation values of the 
area. For the area to be managed adequately with regard to 
fire, planning needs to take i nto account the need to 
contai n fires to a manageable area and lo ensure that entire 
habitat types are not burnt at the one time. From studies at 

1 67 

CALM Science 



CALMScience Vol. 2, No .  2 ( 1 996) 

nearby Mool iabeenee and near Cataby, some small  ground 
mammals (Sminthopsis, Tarsipes) have been shown to 
prefer long (> I O  years) unburnt vegetat ion (M. J .  Bamford 
personal communication), and it is possible that 
populat ions of  sma l l  mammals m ight not be maintai ned in 
the long term in the face of more frequent bu rn i ng. 
Recent ly burnt areas can be co lon i zed, but on ly if  there is 
a popu lation in  a nearby l ong unburnt area . 

Management needs to conti nue  to take i nto account the 
presence of the dec lared endangered and pr ior i ty flora and 
fauna species present. Much research needs to be done on 
the effe.cts o f  fire on rare spec ies  and commun it ies ,  but for 
a number of species, sufficient knowledge is  a l ready 
ava i l ab l e  lo gu ide management. For example, Grevillea 

saccata is known to be k i l led by fi re, and therefore areas 
contain ing  this species need to be managed accord ing ly .  
Such occurrences shou ld a lso be taken i nto account in any 
rev iew of the track system (and therefore fire breaks/ 
access) ,  to m i n i m ize the risk o f  unnecessary burn i ng of 
G. saccata popu la t ions .  Research needs to be undertaken
on the appropriate li re regime for th i s  species .

It is unknown to what extent feral an i mals may be a 
problem, but they are un l i kely to be a prob lem for the 
restr icted Vermicel/a calonotos, as th is speci es i s  fossoria l .  
Foxes may wel l  be a prob lem for smal l ground mammals 
in part icu l ar, and fox bailing cou l d  be cons idered as a 
management opt ion i n  the future, as a reserve of th i s  s ize 
should be capab l e  of ma i n tai n i ng viable popu lat ions of 
smal l mammal s in  the absence of foxes.  Wh i le some weed 
species were detected during our survey , none appears to 
be a serious problem at present, and virtua l ly  a l l  are 
confined to tracks and edges except in the Boonanarri ng 
Brook head-waters , where weeds were apparent ly  
introduced by marij u ana cu lt ivators . The situat ion should 
be monitored, and action taken if weed invasion increases . 

Some areas, particularly along Boonanarri ng Brook, 
may be suscept ib le  to i nvas ion by Phytophthora, as many 
susceptib le species are presen t in the area and the c l i mate 
is su itable for d ieback d i sease. 

Consideration of the issues d iscussed above h igh l i ghts 
the need for a management plan for th i s  h igh ly s ign i ficant 
reserve. 

RECOMMENDATIONS 

I .  Because of the  very h igh  conservat ion  val ue of the 
reserve, particular ly with regard to flora, it i s  strongly 
recommended that i t  be rec l assified from 'C' C lass to ' A '  
Class Nature Reserve. Water reserve ,f\22602 and the area 
around the head of G ingi n Brook shou ld be incl uded in the 
nature reserve. 

2. Rational ization of the system of roads and tracks and
rehabi l i tation of some tracks is  req u i red .

3 . A fire management p lan, which takes into account the 
known high conservation values of the reserve, is required. 
Such a plan should include some areas in wh ich burns are 
not planned . Further research is needed on species such as 
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Grevillea saccata which are k i l led by fire, to determ i ne 
appropriate fire regimes . 

4. A reas m i ned for gravel requ i re adequate rehabi l itat ion .

5 . Permanent vegetat ion quadrats ( 1 0  m x 1 0  111) shou ld be 
establ ished with i n  each vegetat ion type to assess the 
effects of long-term change, i nc l ud ing the effect iveness of 
management pract ices. 

6. A management p lan ,  tak ing into account  the h igh
conservation va lues should be prepared for the reserve.
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APPENDIX 1 
Descr ip t ions of vegetat ion and soi ls  at each sample s i le on Boona narr ing Nature Reserve . 

Quodrat l 
Open wood land A of Eucalyptus colophyllo and Nuytsio Floribundo with occasiona l  E. todtiono over open scrub of 
Allocosuorino humilis, Jocksonio sternbergiono, Hokeo trifurcoto, Xonthorrhoeo preissii and Adenonthos cygnorum over low 
heath C of main ly Colothomnus songuineus and Banksio candolleono over low sedges and herbs . 

L ighl grey sand over brown sand on western fac ing gent le slope. 

Quodrat 2 
Open low woodla nd B of Bonksio menziesii, B. ollenuoto, B. prionotes, Eucalyptus todtiono and occasional E. lone·poolei 
over low heath C of Acocio losiocorpo, Conospermum s/oechodis, Colothomnus songuineus and Xonthorrhoeo preissii 
over low sedges and herbs with occasional emergent  Jocksonio sternbergiona and Allocasuorina humilis. 

Dork red-brown sand over loterile on western facing slope. 

Quod rot 3 
low woodland A/B of Bonksia menziesii and B. allenuoto with occas ional B. grandis, Eucalyptus todtiano and Nuytsia 
floribunda over low heath C of Xonthorrhoeo preissii, Stirlingia lotifolia , Bonksio condolleono, Allocosuorino humilis with 
emergent Adenonthos cygnorum and Jocksonia floribundo over low sedges and herbs wi th patches of bore ground . 

Yel low sand over dork brown coarse sand i n  gently undulat ing topog raphy. 

Quodrot 4 
Open low wood land B of Bonbio menziesii and B. ollenuoto wi th  occasional Eucalyptus todtiano over low heath C of 
Hibberlia hypericoides, Eriostemon spicotus, Petrophile ericifolio a nd Xonthorrhoea preissii over low sedges and herbs . 

Yel low-grey sand over loler i le  i n  genl ly undula t i ng lopogrophy. 

Quodrol 5 
low woodland A dom i na ted by Eucalyptus marginato with occas ional E. colophyllo, E. todtiona and Bonksio grondis over 
open low scrub A of Xonthorrhoeo preissii and Acacia sp. over low heath C/D . 

Brown sandy loam over laterile and loterile over block r i ch sand in very gently undulat ing topography. 

Quadrol 6 
Scrub of Allocosuorina humilis, Adenothos cygnorum and Hokea trifurcoto with emergent low, Eucalyptus decurva and E. 
todfiono over low heath C of Xonthorrhoeo preissii, Colothomnus songuineus, Petrophile spp . ,  Hokea spp .  and 
Allocosuarino humilis over low sedges and herbs . 

Grey sand over loterile on the crest of a h i l l . 

Quodrot 7 
low woodland A of Eucalyptus morginola and E. colophyflo over dwarf scrub C of Petrophile ericifolia, Xonthorrhoeo 
preissii and Acacia pulchello over low heath D of Hibbertio spp . ,  Hokeo spp . , a nd very open low sedges and herbs . 

Deep yel low loamy sand over ? loler i le on gent le easterly slope. 

APPENDIX 2 
Descri ption of frap layout used in the assemblage survey al the Boonono rri ng Nature Reserve, Ma rch 1 986 .  

Pitfa l l  t raps 1 1 2 . 5  x 60 cm PVC lubi ng ) were a r ranged l O m  oparl i n l i nes . A flywi re d r i h  fence (30 cm h igh)  was placed 
between all pils a nd across the lop of every pil in  the l ine . At each of S i les 1 lo 4 a l i ne of 6 pi ls a nd 2 l i nes of 3 p i ls 
were la id out . The l i nes of 3 pits were about 50 m apa rt o nd these l i nes were 1 00- 1 50 m from the l i ne of 6 p i ts of each 
s i te .  S i te 7 hod 2 l i nes of 6 p i ls ,  1 50 m apar t .  

Si les 5 and 6 !hard lo1er i l ic sur faces) hod lh ree l i nes of  med ium E l l ioll lrops (32 x l O x 8 cm, E l l ioll Scien1if ic  Company, 
Upwey, Viclorio) wi th a .space of l O m  between trap locat ions in o l i ne. AJ each s i le ,  one l ine hod o d ri ft fence ( idenl ical 10 
those used for the pils) placed on a 30 cm wide scrape that hod been made through lhe vegetat ion with a ' Rokho' lo hand 
implement wi th features of a ra ke and a hoe) Traps were p laced at each end of t h i s  fence and, of  l 0 m in tervals along the 
fence, f ra ps were placed on a l ternate sides of the fence, fac ing in opposite di rect ions. The fenced l i ne therefore hod len 
traps al six locat ions along the fence . The second l i ne hod ten traps placed of l 0 m i n terva ls  along a scrape s i m ila r to tha t  
al t he fi rsl l i ne ,  bul wilhoul t he fence . The th i rd l i ne cons isted si mply of  ten t raps p laced at 1 5  m i n tervals . Al l E l l io l l  lrops 
were boiled wilh a sta ndard mixtu re of peanut butler, honey a nd ro l led ools. 
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APPENDIX 3 
Western Australian Museum accession numbers of reptiles and mammals collected on the Boononorring Nature Reserve. 

Frogs 

Reptiles 

Myobotrochus gouldii 
1-/eleioporus eyrei 

Crenodoctylus ace/lotus 

Aprosio repens 

De/mo froseri 

Pletholox grocilis 

Pygopus lepidopodus 

Cryptoblephorus plogiocepholus 

Ctenotus Fol/ens 

lerislo distinguendo 

lerislo proepedilo 

Morelhio obscuro 

Tymponocryplis adeloidensis 

Vermicello bimoculoto 

Vermicello colonolos 

Vermicello semifoscioto 

Nolechis cur/us 

Mammals 

Smintliopsis griseovenrer 

Tarsipes roslrolus 

Pseudomys olbocinereus 

Mus domes lieus 

Nyclophilus gouldi 
Nyclophilus geoffroyi 
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R 1694647 
R 494651 

R 594640 
R 994645, 1194638 
R 194634. 794635 1594641, 1494642, 1994639 
R 894649 
R 694636 
R 1294646 
R 1894643, 2094654 
R 39'1650 
R 1094655 
R 1394637 
R 294648 
R 2294653 
R 2394652 
R 2194644 
R 1794656 

M 25676, M 25677, 25678, 25679 
M 25697, 25698 
M 25699 
M 25700 (5 specimensl 
M 25680 
M 25675 
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APPENDIX 4 
List of vascular plants found on Boonanarring Nature Reserve and waler reserve ,t\22602, showing occurrence at each sample 
site or as opportunistic collections. Order and nomenclature follows Green (1985). Introduced/naturalized species are 
denoted by an asterisk (*). Initials denote collectors: AB = A.H. Burbidge, ASG = AS.George, BM = W. Muir, 
EAG = EA Griffin floristic site records (Griffin 1994 and E.A.Griffin personal communication). GK = GJ Keighery,
JA = J.

J 
Alford, LR = J.L. Robson, MB = M. Brooker, RR = R. Roe and WA Naturalists Club, SH = S.D. Hopper. Records with 

initials only represent sight records. For descriptions of sites see Appendix l . 

NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COLL. 

LYCOPODIACEAE 
Phyllog lossum drummondii Kunze GK13274 + 

SElAGINEllACEAE 
Selogine//o grocillimo (Kunzel Alston GK14317 + 

SCHIZAEACEAE 
Sc:hizoeo hs1u/oso Lobill. GK10254 + + + 

ADIANTACEAE 
Cheilonthes ouslrolenuifolio JA + 

H. Quirk & T.C. Chombers

DENNSTAEDTIACEAE 
Pleridium esculenlum (G. Forslerl Cockayne JA + 

ZAMIACEAE 
Mac:rozomio riedlei (Fischer ex Goudie�.) C. Gardner JA + + 

JUNCAGINACEAE 
Tri9/ochin colcilropo Hook. JA + 

Trigfochin c:enlrocorpo Hook. JA + 

Triglochin minulissimo F. Muell. JA + 

POACEAE 
* Airo c:oryophylleo L. JA742 + 

Amphibromus neesii Sreud. GK14318 + 

Amphipogon omphipogonoides (Steud.l Vick. GK14319 + 

Amphipogon loguroides R. Br. GK14320 + 

Amphipogon turbinolus R. Br. AB/GK + 

• Brizo moximo l. JA + 

* Brizo minor l. JA + 

Don1honio occidento/;s Vick. GK10266 + 

Ehrhor10 fongilloro Smith RR + 

Eriochne ova/a Nees GK10269 + 

Microloeno sripoides llobill.l R. Br. GKl 1068 + 

Neurochne olopecuroideo R. Br. GKl 1065 + + + + + 

• Penloschislus oiroides (Nees) Sropf GK10278 + 

Poo drummondiano Nees JA752 + 

Polypogon 1enellus R. Br. GK10277 + 
Slipo elegonlissimo Lobill. JA + 

Slipo mocolpinei Reader JA720 + + 

Slipo pycnostochyo Benlh. GK! 1097 + 

Slipo 1,;chophy/10 Benlh. JA + 

* Vulpio myuros !L) C. Gmeljn JA + 

CYPERACEAE 
Boumeo arlicu/010 (R. Br.I S.T. Bloke SH + 

Couslis dioico R. Br. JA368, 382,738 + + +
Chorizondro enodis Nees JA + 

Cyo rhochoela ovenoceo Benlh. EAG + 

Cyperus tenet/us L f. GK14321 + 

Gohnio �lonigero IR. Br.I Benth. GK14322 + 

lsolepis morginolo (Thunb.l A. Dietr. GK10267 + 

lsolepis s/e/1010 IC.B. Clorkel K.l. Wilson GKl 1094 + 

lepidospermo ongustolum R. Br. JA177,244,499 
312,362 

+ + + + + 

lepidospermo longitudinole Lobill. EAG + 
lepidospermo scobrum Nees EAG + 

lepidospermo ?squomolum lobill. JA266,378 + + + 

lepidospermo tenue Benth. JA258,355,383 + + + + 

Mesomeloeno pseudos/'ygio IKuek.l K.L. Wilson JA384,298 + + + + 
Mesomeloeno 91oc;/iceps IC.B. Clorkel K.L. Wilson GK10044 + 

Mesomeloeno lelrogono IR. Br.) Benth. JA225, 358 + + + + 
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Appendix 4 (continuedl 

NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COLL. 

Schoenus coesp;lilius W. Fitzg. JA315,GJK + + + + + + 

Schoenus c/ondeslinus S.T. Bloke AB/GK + + 

Schoenus curvilolius (R. Br.I Benth. JA314,315 + + 
GK10246 

Schoenus efoholus R. Br. GK11064 + 
Schoenus pedicil/o/us (R. Br.) Benth. GK14323 + 

Schoenus p/eioslemoneus F. Muell. JA2 I 9. 347 + + + 

Sclioenus rigens S.T. Bloke GK + 
Schoenus subflovus Kuek. JA + 

Tetrorio copilloris IF. Muell.I J. Block GKI 1091 + 

Telrorio oclondro (Nees! Kuek. GK + + + 

RESTIONACEAE 
Alexgeorgeo nilens (Neesl Johnson & Briggs JA215 + + + + 

Ecdeiocoleo monoslochya F. Muell. GK + 

Horperio laterilloro W. Fitzg. EAG + 
Hypofoeno exsulca R. 81. JA218,371 + + 

lepidabolus preissianus Nees JA399 + + + 

leptacarpus ?coongustolus Nees AB4060 + 
lepyrodio muirii F. Muell. JA + 

loxocorya 'ospero' Johnson & Briggs JA2 l 5,350,368 + 

loxocorya dnereo R. Br. JA + 

loxocorya foscicu/010 (R. Brl Benth. GK + 

loxocorya 'lolermco' Johnson & Briggs EAG + 

lyginio bo1bo10 R. Br. JA,GK + •· + 

Onychosepolum laxiflorum Steud. EAG + 

Restio 'microcodon' Johnson & Briggs AB + + 

Reslio 'sinuosul Johnson & Briggs EAG + 

CENTROLEPIDACEAE 
Aphelia cyperoides R. Br. JA + 

Centrolepis orisloto (R. Br.) Roemer G + 

Centrolepis piloso Hieron. GK! 1142 + 
Centrolepis polygyno (R. Br.I Hieron. GKl 1892 + 

PHILYDRACEAE 
Phi/ydrella pygmoeo (R. Br.I Coruel EAG 

DASYPOGONACEAE 
Aconthocorpus preissli Lehm. JA + 
Colectosio cyoneo R. Br. JA268 + + +
Dosypogon obliquifolius Lehrn. ex. Nees + 

lomondro coespiloso (Benlh.l Ewo,t JAl81, 163 + + 

lomondro hoslilis (R. Br.) Ewart EAG + 

lomondro hermophrodiro (C.R.P. Andrews) C. Gordner GK + + + + + 

lomondro off. microntho (Endl.) Eworl GK + 

lomondro preissii (Endl.l Eworl GK10052, JAi 80 + + + + + 
lomondro sericeo (Endl.) Eworl JAl63 + + + + + 

lomondro suoveolens IEndl.) Ewart EAG + 

XANTHORRHOEACEAE 
Xonll10rrlioea drummondii Harvey JA,GK + + + + + + +
Xonlhorrhoeo preissii Endl. JA 1· 

PHORMIACEAE 
Dione/lo revoluto R. Br. JA + 

Typondro imbricolo R. Br. JA332 + 

ANTHERICACEAE 
Arnocrinum preissii Lehm. GK + 

/\rlhropodium copillipes fodl. GK + 
Arlhropodium preissU Endl. GK + 

Boryo conslricto Churchill AB4269 + 

Boryo scirpoideo Lindi. JA + 
Borya sp/1oe1ocepholo R. Br AB 4040 + 
C/10moescillo corymboso (R. Br.I F. Muell. ex Benth JA714 + 

Coeslo microntho Lindi. JA + 

Coes,o occiden/o/;s R. Br. GK10030 + 

Coryno//ieco microntho (Lindi.I MocBride EAG + 

johnsonio pubescens lindl JA216,310 + + +
!oxmonnio omni/erlilis Gj. Keighe1y JA395 + + 

loxmonnio romoso Lindi. GK8044 + 

Loxmonnio M!ssililloro Decne. subsp. ouslrolis Keighery JA285 + + + 

loxmonnio squorroso Lindi. GK.JA + + 
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Appendix 4 lconlinued) 

NAME 

Sowerbaeo laxi!lo,a Lindi.

Thywnolus onceps Lindi. 
Thysonolus osper Lindi.

Thysanolus polersonii R. Br. 
Thysonolus reclonlherus N.H. Britton 
Thysanolus spor1eus R. Br. 
Thysono/us thyrsoideus Boker f. 
Thysonolus lriondrus llobill.) R. Br. 
Thysonolus sp. IEAG25 l l I 
Trico,yne e/otio, R. Br. 

COLCHICACEAE 
Burchardio multifloro Linell. 
Burchordia umbello!o R. Br. 
Wurmbeo dioico (R. Br.) F. Muell 

HAEMODORACEAE 
Anigozonthos humi/is Lindi. 
Anigozonlhos monglesii D. Don 
Anigozonthus pulcherrimus Hook. 
Bloncoo conescens Lindi. 
Conostylis aculeolo R. Br. subsp. oculeolo 
Conostylis oureo Lindi. 
Conosty/ls festuoceo Endl. 
Conoslylis setigero R. Br. 
Conostylis ;unceo Endl. 

Conosty/is tereufolio J.W. Green subsp. pl□nescens Hopper 

Hoemodorum laxum R. Br. 
Haemodorum loratum T.D. Moclarl. 
Haemodorum spicatum R. Br. 
Haemodorum venosum T.D. Mocfarl. 
Phleboca,yo ci/iata R. Br. 
Phleboco,yo fi/ifolio (F. Muell.I Benth. 
Tribonanlhes auslralis Endl. 
T,ibononthes violacea Enell. 

HYPOXIDACEAE 
Hypoxis occidenlalis Benth 

IRIDACEAE 
• Gladiolus ca,yophyllaceus (Burm. f.) Poire! 

Orthrosanlhus loxus {Endl.) Benth. 
Patersonio junceo Linell. 
Potersonia occidentalis R. Br. 
Polersonio cl. occidenlolis R. Br. 

• Romuleo roseo {L.) Ecklon

ORCHIDACEAE 
Calodeni□ 'orenicol□' Hopper & Brown 
Colodenio 'orenicalo' Hopper & Brown x 'poludoso' 

Hopper & Brown 
Colodenio delo,mis R. Br. 
Colodenio denUcu/olo Lindi. 
Coladenio //ova R. Br. subsp. flovo 
Colodenio gemmolo Lindi. 
Coladenio ixioides Lindi. 
Coladenio 'po ludoso' Hopper & Brown 
Colodenio sericea Linell. 
Colodenio 'splendens' 
Colochilus cl. roberlsonii Benlh. 
Co,ybos obdilus D.l. Jones 
0iuris co,ymboso lindl. 
0rokoeo glyptodon W. Filzg. 
0r□k□eo livid□ J. Drumm. 
Elythronlhero brunonis (Endl.l A.S. George 
Elythranllier□ emorginola (Lindi.I A.S. George 
Eriochilus dilotolus Lindi. subsp. 'multiflorus' (llndl.l Hopper & Brown 
leporello fimbriot□ (Linell.I A.S. George 
leploceros menziesii (R. Br.I Lindi. 
lyperanlhus nigric□ns R. Br. 
Micro/is media R. Br. 

• Monadeni□ brocleolo (SW.IT. Dur. & Schinz

COLLECTION SITE OPP. 

NUMBER 2 3 4 5 6 7 COLL. 

JA + 

EAG + 

GKl 1970 + 

JA + 

GK11971,SH5828 + 

JA + 

EAG + 

EAG + 

EAG + 

GK10293 + + 

SH + 

JA392.739 + + + + + + 

JA767 + 

JA338 + + + + + + 

JA + 

BM + 

JA + 

jA!5l + + 

JA151,179.376 + + + 

EAG + 

EAG + 

AB 4062 + + 

JA159,389 
JA 226,322 

JA 147,300 + + + + + + + 

EAG + 

JA + + + + + + + 

JA501 + 

EAG + 

JA753 + 

JA754,SH5823 + + + 

GK + 

JA + 

JA + 

JA,AB4265 + + 

AB4222JA239 + 

ABJA145 + 

JA\49.345, + + + + + 

SH5810 + 

GK + 

SH5496 + 

SH5497 + 

RR + 

SH + 

JA l 58,SH5486 + + 

SH + 

RR + 

SH5497 + 

JA247 + + 

SH 5494 + 
SH + 

SH + 

SHJA235 + + 

SH582l + 

RR + 

SH5927 + 
AB4065 + + 

SH + 
SH.GK + + + + + + 

SH,GK + 
JAl54 + + + 

RR + 
GKl 1628 + + 
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NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COLL. 

Porocaleana nigrila (Lindi.I Bloxell GK 
f'lerostylis all. nano R, Br. SH + 

Pterostylis recurvo Benlh. JA321,SH + 

Pterostylis villa/a Lindi. JA318 + 

The/ymilra anlennifero (Lindi.) Hook. f. RR + 

The/ymitra benthomiana H.G. Reichenbach SH + 

The/ymitro stelloto Lindi. R.Roe ond M.Honcock + 

CASUARINACEAE 

Allocoworina humilis (Ono & Dielr.) l. Johnson JA273, 503 + + + + + 
Allocosuarina microslochyo IMiq.) l. Johnson EAG + 

PROTEACEAE 

Adenanlhos cygnon,m Diels JA215 + + + + 
Bonksia ollenualo R. Br. JA + + + 

Bonksio burdelli Bake f.r BM + 

Bonksio chomoephyton A.S. George JA + 
Bonksio grondis Willd. JA + + + 

Bonksia ilicifolio R. Br. JA + + 

Bonksia fWorolis R. Br. JA249,BM + 
Bonksia menziesii R. Br. JA + + + 

Bonksia micron/ho A.S. George JA249,BM + 

Bonksio prionoles Lindi. JA + 

Bonksio sphoerocorpo R. Br. EAG + 

Canospermum ocerosum Lindi. JA718, GK1024 l + 
Conospe1mum glumoceum Lindi. AB4039 + 

Conospermum incu1VUm Lindi. GKI0237 + 
Conospermum sloechodis Endl. JA172. 743 + 
Dryondra bipinnotilido R. Br. JA232 + 

Dryondro cor/inoides Meisn. EAG + 
Dryondra echinato A.S. George JA294 + 
D1yandra kippisliana Meisn. JA224 + 

Oryondro lindleyano Meisn. subsp. lind/eyono JA265,292 + + + + + + 
Dryondra sessi/is (Knighl) Domin JA + 

Dryondro shv"lewarthiono Meisn. EAG + 

G1evl/leo soccofo Benlh. AB4069 + 

Grevillea synapheae R. Br. JA160 + + +
Grevilleo veslito (Endl.l Meisn. JA299 + 

Hokea conchifolio Hook. BMJA + 

Hokeo costolo Meisn. JA169,291,346 + + + 

Hokeo erinoceo Meisn. JA282 + 
Hokea gilbertii Kipp. ex Meisn. JA + 
Hokea incrossolo R. Br. JA222,270 + + + 
Hokeo lissocorpho R. Br. JA336 + + +

Hakea obliquo R. Br. GK + 

Hokea prostrofa R. Br, JA176,27I + + + 
Hokeo ruscifolia lobill, JA253 + + + + + + 

Hakeo smilocifolio Meisn, JA233 + + + 
Hakea slenocorpo R, Br. JA325 + + + 

Hakea lrilu,cala ISmilhl R, Br. JA250, 282 + + + 
Hakeo vario R. Br. EAG + 

lsopogon odenonlhoides Meisn. GK10251 + 

lsopogon divergens R, Br. JA773 + 
lsopogon lineoris Meisn. AB4227, JA446 + + 
Lombertio mullillaro Lindi. var, mul!illoro JA226 + + 

Persoonio comolo Meisn. GK + 
Persoonio e/liplica R. Br. EAG + 

Pelrophile brevifolio Lindi. JA394, GKl 1627 + 

Petrophile linearis R. Br, JA 146,349 + + + + + + 

Petrophile mocroslochya R. Br, JA342 + 

Petrophile media R, Br. JA230, 394 + 

Pelrophile rigido R. Br, EAG + 
Pelrophile scob1iusculo Meisn. GK/JASO. + + + + + + 

JA166,372, A84278 
Pelrophile seminudo Lindi. GK10925 + 

Petrophile serrurioe R. Br. JA262,385 + + + 

Pet1ophile slrialo R. Br. JA342,387,506 + + + + + 

Pelrophi/e trilido R. Br. JA381 + 

Stir/ingio lolifolio (R. Br.) Steud. JA354 + + + + 

Synaphea pelioloris R. Br. JA352 + + + + + 

Synophea spinulasa (Burm. f.l Merr. JA178,23l ,280,502 + + + + + + 
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Appendix 4 (continued) 

NAME COLlECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COll. 

SANTAlACEAE 
leplomeria empelriformis Miq. GK + 

!eplomerio spinosa IMiq. I A DC. GK, JA984 + 

OlACACEAE 
0/ox scoloriformis AS. George GK10926 + 

LORANTHACEAE 
Amyema miquelii (lehm.ex Miq.l Tieghem JA + 

Nuytsio Floribundo (Lobill.1 R. Br. JA + + + 

POLYGONACEAE 
Muehlenbeckio odpresso llobill.l Meisn. GK,JA + 

AMARANTHACEAE 

Pti/o/u.s drummondii {Moq.l F. Muell. GK + 

P,;/olus monglesii jUndleyl F. Muell. ABJA + 

Ptilotus po/yslachyus {Goudich.) F. Muell. AB + 

GYROSTEMONACEAE 
Gyrostemon subnudus INeesl Baillon JA363 + 

MOLLUGINACEAE 
Mocorthurio opelolo Harvey EAG + 

Mocorthuria ausrrolis Huegel ex Endl. GKJA + 

AB4125 

PORTUlACACEAE 
Calandrinio corrigioloides F. Muell.ex Benrh. GK14324 + 

Calandrinia gronulifera Benlh. GK14325 + 

Colondrinia /inifloro Fenzl GK14326 + 

CARYOPHYLlACEAE 
• Ceroslium glomerolum Thuill. GKJA + 

* Perrorhogia velulino !Guss.I P. Boll el Heyw. GK10294 + 

• Silene go//ico l. AB4041 + 

RANUNCUlACEAE 
ClemoUs pubescens Huegel ex Endl. JA75B + 

lAURACEAE 
Cossytha flovo Nees GK + 

Cossytha globe/lo R. Br. EAG + 

Cassytho pomiformis Nees JA508 + + + 

Cossytho rocemoso Nees JA357 + + 

BRASSICACEAE 
Brassica /ourneforlii Gouon GKl 1095 + 

Slenopetalum robuslum Endl. AB4049 + 

DROSERACEAE 
Drosera erythrorhi zo l i ndl. JA + + + + + + + + 

Drosero gigonteo Lindi. JA + 

Drosero leucablasta Be nlh. JA380.AB4047 + + + + 

Drosera macron/ha Endl. JA390,AB4270 + + + + + + +

Drosero menziesii R. Br. subsp. penicilloris IDiels) N.G. Morchonl & A Lowrie GK14327 + + 

Drosero neesii Lehm. GK + 
Drosera pulchella Lehm. SH5809 + 

Drosera Molonifero Endl. GK + 

CRASSUlACEAE 
Crossulo co/01010 (Neesl Oslenl. GK,JA + 

Crossulo exserlo IReoderl Oslenf. GK + 

• Crossulo nolons Thunb. GK/JA87 + 

PITTOSPORACEAE 
Billordiero sp. JA + 

MIMOSACEAE 
Acacia 0/010 R.Br. var. lelranlho Maslin GK + 

Acacia applonola Maslin JA157, 161 + + 

Acacia borbinervis Benlh. subsp. barealis Maslin GK,JA + 

Acacia clydonophoro Maslin JA236,369 + + + 

Acacia colleliaides Benlh. GK,JA + + 

Acocia cummingiono Maslin EAG + 

Acocio drummondii Lindi. subsp. elegans Maslin JA246 + 

Acacia losiocarpa Benlh. vor. /osiocarpo JA278 + 

Acocia pulchello R. Br. var. pulchello JA 148,242 + + + 
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NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COU. 

Acacia pulchel/o R. Br. var. reflexo Maslin JA238,337 + + 

Acacia soligno llobill.) H.l. Wendi. GK10263,JA + 

Acocio sphoce/010 Benlh, EAG + 
Acocio slenoplero Benlh. GK10037 + + + 

Acacia /e/ragonocorpo Meisn. GK10029 + + 
Acacia willdenowiono H.L. Wendi. JAl B2,391 + + 

PAPILIONACEAE 
Ao/us grocillimo Meisn. JA784 + 

Ao/us procumbens Meisn. JA769 + 

Bossioea eriocorpo Benlh. JA284 + + + + + 

AB4226, 4229 
Bossioeo ornolo ILindl.J Benth. JA,AB4273 + + + 
Davies/a ongulalo Benth. JA255, 807 + 
Daviesio decuffens Meisn. JA174 + + 

Daviesio divoricota Benlh. JA 183, AB4274 + + 
Daviesio grocilis M.D. Crisp JA257 + + 
Daviesio incrossalo Smith JA319 + 

Ooviesia infloro M.D. Crisp JA + + 

Daviesio nudifloro Meisn. JA237, 398 + + + + 
Davies/a physodes A. Cunn. ex Don JA, EAG + + 
Daviesio '? preissii Meisn. JA225 + 
Daviesio '? striolo Turcz. GK + 

Daviesio tr/flora M.D. Crisp JA334 + + + + 

Goslrolobium spinosum Benth. AB + 
Gompholobium arislotum Benth. GK + + 

Gompholobium confe1lum IDC.I M.D. Crisp JA304,AB4277 + + 
Gompholobium knightionum Lindi. JA240,AB4225 + + + + + + + 
Gompholobium morginalum R. Br. JA496 + 

Gompho/obium polymorphum R. Br. EAG + 

Gompholobium preissii Meisn. GK + 

Gampholobium scobrum Smith AB4224 + 

Gompholobium lomenlosum Labill. JA370 + 
Hoveo slriclo Benth. JA328 + 
Hovea lrisperma Benth. JA309 + + + + 
lsolropis cuneilo/io (Smilhl Benth. AB4275 + 
Jocksonio decumbens E. Pritzel EAG + 
)ocksonio densifloro Benth, JA406 + 
Jocksanio slembergiono Huegel. JA272,344 + + +
Jacksonio ulicino Meisn. JA + 

Jocksonio restioides Meisn. EAG + 

Jocksonio sp. AB + 

Kennedio prostrolo R, Br. JA 152,323 + + 
Mirbelio dila1a10 R. Br, GK + 
Mirbelio off. microphyllo ITurcz.) Benth. AB4223 + + 
Mirbelio lrichocolyx Domin. JA22l, 283 + 

Nemcio copilalum {Benth,I M.D. Crisp GK, JA780 + + + + 
Nemcio porvillorum (Benth.) M.D. Crisp GK + 

Nemcio reliculotum (Meisn.) M.D, Crisp JA295,30l ,3 l l + + + + + 
Sphoerolobium mocronthum Melsn. GK1051 l + 

Sphoerolobium medium R, Br. AB4272, 4276 + + 
Sphoerolobium ? vimineum Smith SH5807 + 
Templetonio bilobo (Benlh.l Polh. GK + 

• Ttifolium onguslifolium L GKI 1069 + 

• Trilo/ium compeslre Schreber GK + 

• Trilolium cernuum Brat. GK10295 + 

• Trifolium dubium Sibth. GKl 1090 + 

Viminario junceo !Schroder & Wendi.) Hoflsgg. JA + 

GERANIACEAE 

• frodium cicutarium IL.I L:Her. GK1029I + 
Erodium cygnorum Nees GK + 

Pelorgonium litlorole Huegel GKl 1093 + 

OXAUDACEAE 

Oxolis perennons How, RR + 

RUTACEAE 

Boron;o mollayoe J. Drumm. JA164 + + 
Boranio purdieono Diels BM + 

Boranio romoso !Lindi.I Benlh. JA287, 164 + + 

subsp. onelhifolio (Bartling) Poul G. Wilson 
Boronio scobro Lindi. EAG + 

Erioslemon spicolus A. Rich. JA305,AB427 I + + + + + + 
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NAME 

TREMANDRACEAE 
Telrolheco off. hirsulo Lindi. 

POLYGALACEAE 
Comespermo ocerosum Steetz. 
Comespermo ci/iafum Steelz 
Comespermo flavum DC. 
Comespermo virgolum Lobill. 

EUPHORBIACEAE 
Mono/axis grondiflo10 Endl. 
Phyllonthus colycinus lobill. 

STACKHOUSIACEAE 
Stockhousio pubescens A. Rich. 
Triplerococcus brvnonis Endl. 

SAPINDACEAE 
Dip/ope/tis huegelii Endl. 

RHAMNACEAE 
Cryprondro globrifloro Benth. 
Cryplondro pungens Steud. 
Cryplondro scoporio Reissek 
Slenonlhemum humilis Benlh. 
Stenonlhemum lridenlotum Steud. 
T rymolium ongusli(o/;um Reissek 
Trymolium lediFolium Fenzl 

STERCULIACEAE 
Guichenolio sorores Benth. 
Thomosio Folioso Goy 
Thomosio glutinoso Li ndl.

DILLENIACEAE 
Hibberlio oceroso (R Br. ex DC.) Benlh 
Hibben/a oureo Steud. 
Hibberlio crossifolio (Turcz.) Benth. 
Hibbenio desmophyllo (Benlh.) F. Muell. 
Hibberlio cf. g/oberrimo F. Muell. 
Hibberlio glomero/o Benlh. 
Hibberlio off. helionlhemoides ITurcz.) F. Muell. 
Hibberlio huegelii IEndl.) F. Muell. 

Hibberlio hypericoides (DC.) Benlh. 
Hibberlio cf. rhodinopodo F. Muell. 
H;bbenio subvoginoto (Sleudel) F. Muell. 
Hibbenio slelloris Endl. 
Hibbertio voginolo IBenlh.) F. Muell. 

VIOLACEAE 
Hybonlhus colyclnus IDC. ex Ging.IF. Muell. 

THYMELAEACEAE 
Pimeleo anguslifolio R. Br. 
Pime/ea suoveolens Meisn. 
Pimeleo sulphureo Meisn. 

MYRTACEAE 
Agonis lineorifolia IDC.) Schauer 
A.srarteo lascicularis llobill.) DC. 
Boeckeo compharosmoe Endl. 
Boeckeo elegons Schou. 
Boeckea grandillara Benlh. 
Beouforrio squorrosa Schauer 
Calolhamnus lotero/is Lindi. 
Cololhamnus quadrifidus R. Br. 
Colothomnus songuineus lob,11. 
Calytrix onguloto Lindi. 
Calytrix flavescens A. Cunn. 
Calytrix froseri A. Cunn. 
Colytrix leschenoullii !Schauer) Benth. 
Colytrix oldfieldii Benlh. 
Co/ylrix slrigoso A. Cunn. 
Co/ylrix sylvano Craven 
ColytfiX variabilis Lindi. 
Ca/ytrix sp. 

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

COLLECTION SITE OPP. 

NUMBER 2 3 4 5 6 7 COLL. 

JAl53 + 

EAG + 

JA,AB42l2 + 

GK + 

GK,SH5816 + 

GK + 

JA245 + 

JA223. 708 + + + + 

GK + 

AB + 

JA.GK10035 + 

JAl68,281 + 

GK10042 + 

GK + 

EAG + 

GK10290 + + + + + 

GK + 

SH + 

JA765 + 

JA,SH + 

JA709,AB4266 + + + + 

JA331 + 

JA264 + 

EAG + 

JA + 

EAG + 

JA497 + 

JA227,290,302, + + 

316 
JA289,263,326 + + + + + + + 

AB4219 + + + + + 

JA306,3 I 7 + + 

EAG + 

JA7l7 + 

ABJA + 

JA,AB4218 + 

EAG + 

GK. JA324, 173 + + + 

JA,SH5806 + 

GK,SH5822 + 

JA296 + + + 

EAG + 

EAG + 

JA748 + 

GK + 

JA175 + 

JA155,276,327 + + + + + + 

·JA + + 

JA379 + 

JA373 + + 

JA719 + 

EAG + 

EAG + 

LR101 + 

LR426, JA303 + + + + + 

JA171,333,241 + + + 
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Appendix 4 !continued) 

NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COLL. 

Dorwinio off. nieldiona F. Muell. GK + 

Eremoea oslerocarpo Hnoliuk AB4063 + + 

Eremaea poucifloro {Endl. I Druce JA509,AB4120 + + 

Eremaeo purpurea IEndl.l Benlh. GK + 

Eucalyptus colophy/lo Lindi. JA + + + + 

Eucalyptus decurvo F. Muell. JA267,MB9391 + 

Eucalyptus drummandii Benlh. SH + 

Euca/yplus lone-poolei Maiden JA269 + + 

Euca/yplus morginalo Donn ex Smith subsp. marginala JA + + 

Eucalyptus marginolo Donn ex Smilh subsp. lhalossica Brooker & Hopper + 

Eucolyplus marginata x todriana SH + 

Eucalyplus rudis Endl. JA.SH + 

Eucalyptus todliano F. Muell. JA353 + + + + + + + 

Eucalyptus wandoo Blakely JA + 

Homolospermum firmum Schauer SH5805, JA751 + 

Hypocolymmo onguslifolium Endl. JA.SH5808 + 

Hypocolymma linifolium Turcz JA162,234 + + 

Hypocolymmo xonthopetolum F. Muell. JA307,367 + + + + 

Kunzea 'globrescens' Toelken JA756 + 

Kunzeo 'g/abrescens' Taelken x recurva Schauer SH5826 + 

Kunzeo '/illicolo' Toelken GKl 1092 + 

Kunzeo recurvo Schauer SH5825 + 

Leplospermum erubescens Schauer AB4038 + + 

leplaspermum spinescens Endl. JA261,308 + + + + + 

Melo/euco oceroso Schauer JA744 + 

Meloleuco cilioso Turcz. EAG + 

Meloleuco preissiano Schauer SH + 

Meloleuco rodulo Lindi. EAG + 

Meloleuco rhophiophy//o Schauer GK + 

Meloleuco off. scobra R. Br. SH + 

Melaleuca seriota Lindi. GK + 

Meloleuco trichophyllo Lindi. AB/GK + 

Melo/euco off. urceoloris F. Muell. ex Benlh. JA397,AB4 216 + + + + 

Pericolymmo el/ipticum IEndl.l Schauer GK + 

Pileonthus fi/i(olius Mei sn. GK + 

Regelia ci/io/o Schauer JA757 + 

Scholtz/a involucrolo (Endl.l Druce JA,BM + 

Verlicordio oceroso Lindi. AB42l5 + 

Verlicordio blepl1orophyllo A.S. George EAG + 

Verticordia densillora Lindi. BM + 

Verticordio drummondii Schou. EAG + 

Verticordio nilens (Lindley) Endl. JA774 + + 

Verticardia nobilis Meisn. GK.SH,LR500, ➔• + 

JA745 
Verticordia poludosa A.S. George JA399 + 

Verlicordio plumoso IDesf.) Druce GK + 

Verlicordio penn;gero Endl. EAG + 

HALORAGACEAE 
Glischrocoryon oureum (Lindi.) Orch. GK + 

Gonocorpus pilhyoides Nees JA762.GK + 

APIACEAE 
Eryngium pinnolifidum Bunge GK + 

Homolosciadium /iomolocorpum (F. Muell.) H. Eichle, GK + 

Hydrocotyle col/icarpo Bunge A84267 + 

Hydrocoty/e dionlho DC. GK + 

Hydrocotyle pilifero Turcz. GK + 

Plotysoce ramosissimo IBenlh.) C. Norman GKl 1143 + 

Trocliymene ornoto (Endl.) Druce GK + 

Trochymene piloso Smilh JA,AB4118 + + + 

Xonthosio cilia/a Hook. GK10286 + 

Xonthosio huegelii (Benlh.l Sleud. JA,AB42 l4 -� + + + + + + 

EPACRIDACEAE 
Andersania heterophyllo Sand. JA + 

Andersonio lehmonniono Sond. JA217,254,275 + + + + + 

Aslrolomo? ciliotum {Lindi.) Druce JA.SH + + 

As/rolomo gloucescens Sond. JA165,170,386 
GK8041 

+ + + + + 

Aslrolomo mocrocalyx Sand. GK + 

Aslrolomo microdonla F. Muell. ex Benlh. EAG + 
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Appendix 4 (conlinued) 

NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COLL. 

klrolomo pollidum R. Br. JA,AB4213 + + + + 

ktrolomo slomorrheno Sond. GK10050 + + + + 
ktrolomo xerophyllum (DC.l Sond. GK + 

klrolomo sp. (red Aower, hairy leovesl GK + 

Conostephium minus Lindi. GK10256 + 

Conoslephium pendulum Benth. JA377,256 + + + + + + 

Canoslephium preissil Sand. GK8045 + + + 
leucopogon o/lillii F. Muell. JA348 + + 

Leucopogan ouslrolis R. Br. SH5813, JA761 + 

AB4119 
leucopogon conastephioides DC. GK10047 + + 
Leucopogon grocil/imus DC. JA243,772 + 
Leucopogon lepfonthus Benth. EAG + 

Leucopogon nufons E. Pritzel GK10041 + 
ieucopogon old(ieldii Benth. JA150, 184 + + + + + + 

228,274,396 
Leucopogon oligonlhus E. Pritzel GK10034 + 

Leucopogon oxycedrus Send. EAG + 

leucopogon off. pendulus R. Br. JA + 

ieucopogan polymorphus Sond. JA + + + 

Leucopogon propinquus R. Br. EAG + 

leucopogon rocemulosus DC EAG + 

Leucopogan sprengelioides Sond. GK10032, 10033 + + + + + 
JA396 

Leucopogon sp. JA288 + 

lysinemo cilia/um R. Br. JA252,356 + + + + 

Lysinemo elegons Sond. EAG + 

Styphelio lenuifloro Lindi. GK10039 + + + + 

PRIMULACEAE 
• Anogollis orvensis L. vor. coeru/eo Gouan JA,AB + 

LOGANIACEAE 
!ogonio serpy/lifolio R. Br. GKl 1047 + 

Mitrosocme porodoxo R. Br. AB + + 

CHLOANTHACEAE 
Pityrodia bortlingii llehm.) Benth. JA + 

LAMIACEAE 
Hemiondro pungens R. Br. GK + 

SOLANACEAE 
• Salonum nigrum L. JA,AB + 

OROBANCHACEAE 
• Orobonche minor Smith JA,GK + 

LENTIBULARIACEAE 
Palypompho/yx mullifida (R. Br.IF. Muell. AB4058, JA + 

Polypompholyx tenello (R. Br.I Lehm. AB4059 + 

Ulriculario violoceo R. Br. GK + 

U/riculorio valubilis R. Br. GK + 

RUBIACEAE 
* Golium divoricalum Pourret ex. lorn. GKl 1645 + + 

Operculorio voginota Lobill. EAG + 

CAMPANULACEAE 
• Wohlenbergio copensis (L.) A. DC. JA + 

Wohlenbergio preissii Vriese GK + 

LOBELIACEAE 
lsolomo hypocroleri(ormis (R. Br.I Druce GK + 
Lobello ,hombifollo Vriese GKl 1046 + 

lobelio lenuior R. Br. GK + 

GOODENIACEAE 
Dompiero o/olo Lindi. GKW236 + 

Dompiero corinolo Benlh. EAG + 

Dompiero lineoris R. Br. GK + 

Dompiero aligaphyllo Benth. GKl 1096 + 

Goodenio cae,uleo R. Br. EAG + 

Gooden/a convexo Carolin GKl 1897 + 

Gooden/a micraniho Hemsley ex Carolin GK + 

Goodenio mooreono Krouse GK + 
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NAME COLLECTION SITE OPP. 
NUMBER 2 3 4 5 6 7 COU. 

Goodenio pulchello Benth. GKl 1575 + 
lechenoullio bilobo Lindi. JA286,779 + + + 
lechenoullio floribundo Benlh, EAG + 
lecheoouhio slenosepolo E. Pritzel GK\ 1967 + 
Scoevolo col/iptero Benth. AB + + + 
Scoevolo conescens Ben h. GKJA335,364 + + + + 
Scoevolo glondulifero DC GKl 1969 + 
Scoevolo repens Vriese vor. repens JA350 + 
Scoevolo s/riolo R. Br. JA2l + 
Verrouxio reinwordlii (Vriesel Carolin GK + 

STYLIDIACEAE 
levenhookio dubio Sand. EAG + 
levenhookio poucif/010 Benth. AB4051 + 
levenhookio pusillo R. Br. AB4124 + 
levenhookio sp. AB4125 + 
Srylidium odpressum Benth. AB4046,4 123 + + + 
Srylidium olbo-lilodnum !Erickson & Willis) Lowrie & Corlqolsl AB4064 + + 

Srylidium breviscopum R. Br. JA405 + + + + 

Srylidium brunonionom Benlh. AB403 3 JA 156 + + + + + + 
Stylidium bulbiferum Benlh. JA + 
Stylidium colcoro/um R. Br. AB + 
Stylidium corlquislii Lowrie AB4 l 26,4037 + + 

JA248,279 
Stylidium 2 dichotomum DC. ABJA359,366 + + + + + + 
Srylidium diuroides Lindi. AB4045,4121 + 
Stylidium cf. diuroides Lindi. AB4052 + 
Stylidium /unceum R. Br. AB4029 + 
Stylidium leplocolyx Sond. AB4032 + 
Stylidium leplophyl/um DC. EAG + 
Stylidium miniolum Mildbr. AB4042,4044 + + + + + 
Stylidium pMerum R. Br. EAG + 
Stylidium pycnoslochyum Lindi. EAG + 
Stylidium repem R. Br. JA726 + + + + 
Stylidium off. rl,ynchocorpum Sond, AB4228 + 
Stylidium schoenoides DC. AB4050 + 

ASTERACEAE 
• Arc/olheco colendulo (L.! levyns JA + 

Aslerideo pulverulen1a Lindi. GK + 
8/ennospora drummondii A. Gray JA734 + 
Brachycome iberidifolio Benth. JA730,AB4048 + + 
Cotulo coronopi/o/;o L. AB4122 + 
Gnephosis pusillo (Benlh.l Endl. GK + 
Gnephosis lenuissima Coss. JA735 + 
Gnephosis trlido !Short) Short EAG + 
Heliplerum monglesii (Lindley) F. Muell ex Benlh. AB40J4 + 
Hyobpe1mo corulo IBenlh.l Poul G. Wilson AB4030,4035 + 

JA710 
• Hypochoeris globra L. JA804,737 + 

logenifero huege/ji Benlh. AB4057,SH58 19 + + + 
JA7I I 

Millotio myosotidilolia (Benlh.l Steelz. AB4043 + + 
Millolio tenuilolio Coss. JA733 + 
O/eorio elaeop/1i/a IDC.) F. Muell. ex Benlh. GK + 
0/eoria poucidenlala (Steelzl F. Muell. JA 
O/eorio rudis (Benrh.) F, Muell. ex Benlh. JAJJ0,402 + 
Pithocorpo achilleo,des P. Lewis & Summerh. JA34J,507 + + + 
Podolepis groci/is {Lehm.l R.A Grohom AB4066 + 
Podolheco ongustifo/;a (loblll.) Less. JA722 + 
Podotheco ch,y:sontha ISteelz) Benlh. GKl 1067.10454 + 
Podolheca gnaphalio;des R.A. Graham JA736,AB4036 + + +
Pseudognapholium luleo·olbum (l.) Hilliard & B.L. Burl! GK + 
Prerochoelo poniculato Sleetz. JA393,732,AB4061 + + + + 
Quine/lo uNiJlej Coss. JA731,GK + 
Senecio hispidulus A. Rich. GK + 
Siloxerus humilusus Lobill. EAG + 

• Sonchus asper Hill JA760 + 
• To/pis borboto (l.) Goerlner GK10268 + 
• Ursinio onlhemoides IL.) Poire! JA713,723 + 

AB4031 
Wailzio cilrina IBenth.) Sleelz AB4217 + 
Wailzio suoevolens IBenlh.l Druce JA721 + 
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APPENDIX 5 
Notes on ind ividual ma mma l  species recorded on Boonanorr ing Nature Reserve .  

Smal l  ma mmals, other native ground mammals, bats a n d  introduced mammals are discussed separately. Within each grouping 
taxonomic orderi ng and nomenclatu re follows Straha n ( l 995) . 

Small Mammals 

Three native and one introduced sma l l  ma mmal species were trapped. Append ix 6 l ists the loto l numbers of individua ls of each 
species captured from individual tropl ines at each sample site. 

Sminthopsis griseoventer Grey-be l l ied Dunnart 
Th i s  species was captured only at Si tes l a nd 2 ,  at the base of  the Gi ng i n  Scarp . 
No animals were reproductively active . One adult female ( l  3 .5 gl  hod o slo i ned pouch and s l ightly distended teats suggesti ng she 
hod rea red pouch young some ti me prior lo ca ptu re . The other female (9.5 gl  appeared lo be a sub-adult with on undeveloped 
pouch and mi nute teats . 
Mo les ra nged in weight from 9 .5  lo l l .5 g. An examination of the skulls extracted from 4 specimens ( l i s ted i n  Appendix 3)  
confi rmed that these were oil sub-adults . 

Torsipes rostralus Honey Possum 
Honey possums were captu red on ly  on sandy substrates i n  lhe sludy arec , al  S i tes l and 2 ( low Heath) and al  S i les 3 and 4 
(Bonksia woodland) (Tobie 7) . 
Six females (wilh o mean body weight of l l . 3 g) had pouch young . Another two 17. 5  gl each hod d istended lea ls and relaxed 
pouches i ndicative of having recently carried pouch you ng .  Eight fema les ( rang i ng in weight from 6 . 0  to 9.7 g) showed no pouch 
development .  We assu me these to include non-po rous sub-odu l ts and possi bly an i ma ls in early sloges of pregnancy. 
Each female ca rrying young hod al least 2 pouch young . When o pouch was checked for the presence of young, only those young 
which were visible ofter slretch i ng lhe pouch open were cou nled . Young were not removed from lhe pouch because i t hos been found 
previously that lhey ore difficult lo replace and lhis procedure is  time-cosily when lrop success is h igh .  I t  hos a lso been obseNed from 
hold i ng females for short periods after capture, lhot on occas ions when young have been removed, cou nted and replaced , lhey were 
found outside the pouch again shortly afterwards . It seems l ikely thol this wou ld cause increased morta l ity of pouch young if females 
were re leased immed iolely in the field . 
Al l pouch young were hairless and ranged in s ize from 0 .4  cm to approximate ly 1 . 5 cm (crown-rump measurement) . 
Moles ranged i n  weigh t from 5 . 3  lo 7.0 g .  Scrotol lenglh measurements suggesled ol leosl eight were adults (sexua l ly molure l  ( see 
Renfree el al. 1 984;  Burbidge and Boscocci 1 989). 

Pseudamys albocinereus Ash-grey Mouse 
Pseudomys albocinereus was widespread on the reserve, wi th captures at o i l  s i tes excepl Site 7 (Tobie 7 1 .  It was the on ly native 
species captu red at Si te 6 (Dense Heolh on shal low sa nds over lo leri lel . 
The species was trapped i n  bo1h E l l iot! and pi tfa l l  t raps (To bie 7) but i nsuff ic ienl  numbers were captured lo al low stal i s l icol 
comparisons between si tes .  However, pool ing of  pillo l l  captures from repl icate s i les l and 2 (9 captu res) and S i les 3 a nd 4 (8 
copluresl showed there was negligible di fference in lro p retu rns from Dense low Heolh on sand and Banksio woodland . The species 
was present but opparenlly uncommon in jorroh (wi lh morri) forest over low Heclh on loterite (Site 5 1 .  
The lh i rteen fema les ca ptured (Append ix 61 ra nged in weigh! from 1 5 . 5  lo  2 8 .0 g .  A proportion 17 o f  the 1 31 were classed as sub· 
odulls, wilh a weight range of 1 5 .5 to 1 9 . 5  g. S ix were i n  a hecvier weigh! ra nge 122 .0 to 2 8 .0 g ) .  None were lactati ng,  
palpably pregnant or hod en larged tecls . These were classed as non-breeding adu l ts ,  a l though females in  early stages of pregna ncy 
may also have been presen t (e . g .  at Cockleshel l  Gul ly Reserve, Chapmon el al. 1 977 recorded pregnant fema les ranging in weight 
from 20 .0 to 44.6 gl . However, we d id nol collect spec i mens and cannot conf i rm th is . 
The ten moles captured (Appendix 61 ranged i n  weight from 1 6.5 to 3 2 .0 g .  Only one 132 .0  g) showed breeding condition 
(descended tesles and epididymes l .  The rema i nder were classed as sub-odul ts (5 , ra ng ing in weight from 1 6.5 to 20.0 gl and non· 
breed ing adults 14, ranging in weight from 22 .0 to 26 .5  g) . 

Mus musculus House Mouse 
This species was widespread in the study area , bei ng detected at  al l  si tes except S i te 7 !Tobie 7) .  
Only four individuals were captured at  S i tes l to 4 (deep sondsl compa red with l O from Si les 5 and 6 (shallow soi ls on lolerite, wilh 
laterite outcropping in  plocesl . However, th i s  d i fference may in port reflect a di llerenl response to the two trap types used - pi tfa l l  traps 
(at Sites 1 to 41  and El l iott traps (at Si tes 5 and 6 ) .  For exa mple, s ign i f icant ly h igher tra p returns of Mus musculus from E l l iott traps 
were recorded in a vertebrate suNey of the Great Sa ndy Desert in wh ich some simultaneous E l l iott and pil trapping was undertaken in 
simi lar  habi tats (McKenzie and Youngson 1 983 ) .  
F ive females were captured !Appendix 6 )  and  ra nged i n  weight f rom 8 .5 to 1 4 . 5  g .  In ternal exa minat ion of two speci mens showed 
that one ( 1 1  . 7  g) was pregnant  and one was non-porous . One juve n i le was captured . 
The n ine moles captured (Append ix 61 ranged i n  weight  from 8 .0  to 1 7 . 5  g .  F ive showed breeding condi tion (descended testes) 

Other  Ground Ma mmals 

Tochyglossus aculeolus Short-beaked Ech idna 
fresh d iggings were found at S i tes 3 and 4 (Bonksia woodlondl i n  August . Digg i ngs were also fou nd in  o stand of Eucalyptus lone-
poolei in the northwestern corner of the reserve in July (M.J . Bamford , personal commun icat ion 1 9861 .  
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Appendix 5 (continued) 

Mocropus fuliginosus Western Grey Ko ngoroo 
Grey Kangaroos were widespread throughout the reserve. Sightings were mode on Siles 3 and 4 (Bonksio woodland) and fresh seals 
were seen al oil sites. In addition, 18 sightings !comprising 31 individual kangaroos) were recorded opporlunisticolly in February and 
during the assemblage survey in March. The largest group seen was three. Most sightings were of one or lwo individuals. 
Sightings were recorded in four brood vegetation types: Bonksio woodland over low heath on deep sands, iorroh/morri forest on 
loterilic sands in gullies between lateritic ridges, jorrah/morri forest on loterilic ridges, and in low heath (with scollered Bonksio spp.) 
on deep sands. Sightings were mode in both recently burnl (Morch 1985) and unburnt portions of he study area. 

Mocropus irmo Weslern Brush Wallaby 
Brush Wallabies were sighted on the reserve on five separate occasions during February and Morch. All sightings were of individual 
animals. Individuals were observed on Sites 1 llow Dense Heath) and 4 IBonksio woodland). Opportunistic sightings were from the 
following vegetation types: open iorroh forest with on underslorey of low open heath, open iorroh (with morri) foresl with on 
understorey of low heath which hod been burnt in Morch 1985, and jorroh/morri foresl with o loll dense underslorey of Dryondro 
sessilis on lo le rile. 
In addition lo these records, two were sighted on land adjoining the south-western boundary, in dense vegetation along Boononorring 
Brook. 

Bots 
Nyclinomusaus/rolis White,slriped Freeloil-bot 
The characteristic vocolizotions of this species were heard near Sile 5 and near the Gingin townsite in Morch. 

Nyclophilus geoffroyi Lesser Long-eared Bot 
Three moles {6.0, 6.0 and 6.5 gl were mistnetted in Morch. One hod scrotal testes. They were captured at two localities south of 
Site 5. One of these capture sites is described below for N. gouldi, where the two species were token from the some nel. The other 
site was in Meloleuco preissii and morri woodland fringing Boononorring Brook, approximately 4 .5 km south-east of Sile 5. 

Nyclophilus gouldi Gould's Long-eared Bal 
One, o mole 18.0 gl with scrotal testes, wos captured in o misl·net 2 km south of Site 5. Vegetation comprised open jorroh/morri 
forest with a toll dense understorey of Dryondro .1essi/is on o loterilic ridge. 

Cholinolobusgouldii Gould's Wat led Bot 
One female was flushed from the upper trunk of o large burnt morri 18-12 m) in February, approximately 300 rn north of 
Boononorring Brook. The bot was recovered from where ii landed on the ground. Surrounding vegelolion comprised low Heo h !burnt 
in March 1985) with scollered morri trees. 

Vespodelus regulus Southern rarest Bot 
Three individuals (two moles and one female) were misl-nelled in Morch. The moles weighed 5.0 g each. One hod scrolol tesles. 
The female, also 5.0 g, was not lactating. Captures come from Site 5 and from 2 km south of Sile 5. Vegetation al the loller site 
comprised open iorroh/ morri forest with o toll dense underslorey of Dryandro sessilis on loterile. 

Introduced Mammals 

Vulpes vulpes Fox 
One was spotlighted in a cleared paddock adjacent to the southern boundary of the reserve. 

Fe/is co/us Col 
One was spotlighted in the north-eastern section of the reserve_ The vegetation comprised Bonksio woodland with o toll dense heath 
underslorey, dominated by Adenonthos cy9norum_ Fresh col tracks were also seen on he vehicle track between Sites 4 and 5. 

Oryc10l09us cuniculus Rabbit 
Two were seen in August on the northwestern corner of the reserve, approximately 200 m inside the northern boundary. Rabbits were 
also seen on form paddocks on the northern side of the reserve and nearby in dense roadside vegelolion. 
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APPENDIX 6 

Total captures of small mammals at each sample site on the Boonanorring Nature Reserve, 17-23 Morch 1986. 

SPECIES SEX SITE 

2 3 4 

A B C A B C A B C A B 

F 2 

Sminthopsis griseoventer 
M 2 2 

5 2 2 2 

Torsipes rostrolus 
M 2 2 5 2 2 

F 3 2 2 

Pseudomys olbocinereus 
M 2 

F 

Mus musculus 
M 

No. pil trap nighls 30 15 15 30 15 15 30 15 15 30· 15 

No. Elliott trap nights 

F = females, M = moles 
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APPENDIX 7 

Comparative list of frogs and reptiles recorded in Banksia woodland near Mooliabeenee (Bamford 1985) and on 
Boononorring Nature Reserve. 

* = record from unpublished WA Museum records.

FAMILY 

Hylidoe 

leptodoctylidoe 

Gekkonidoe 

Pygopodidoe 

Scincidoe 

Agomidoe 

Voronidoe 

Typhlopidoe 

Boidoe 

Elopidoe 
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SPECIES 

Wori<J adelaidensis 

Crjnio georgiono 
Heleioparus eyrei 
limnadynosles dorsolis 
Myobofrochus gouldii 
Pseudophyrne guenfheri 
Ronidel/o glouerli 
Ronjdello insignifero 

Crenodoc,ylus ocellorus 
Oiplodocfylus polyoph1holmus 
Oiplodoc,ylus spinigerus 

Aprosio repens 
Delma froseri 
Delma groyii 
Lia/is burlonis 
Pletholox grocilis grocilis 
Pygopus lepidopadus 

Cryploblephorus plogiocepholus 
Clenolus fa/lens 

• C/enolus imper 
Clenolus /esueurii 
Clenalus schomburgkii 
Egernio mu/lisculolo bos 
lerislo cl"islinoe 
lerislo dislinguendo 
lerislo elegans 
lerislo proepedilo 
Menelio greyij 
Morethio /ineaoce/1010 
Morethio abscuro 
Tiliqua rugoso 

Pagano minor minor 
Tympanocryplis odeloidensis 

Voranus gouldii 
�ranus Iris/is 

Rampho,yphlops ousfrolis 

Mare/;o spj/olo imbricolo 

Demansia psammophis reliculoto 
Norechis curfus 
Pseudanoja omnis 
Pseudanoja nucholis 
Rhinoplocepholus gouldii 
Vermicel/o bertholdii 
Vermicello bimoculafo 
Vermicello calonotas 
Vermice//o semifasciaro 

MOOLIABEENEE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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APPENDIX 8 

Additional frog and replile species recorded from localities within a 25 km radius of Gingin !hat were not detected on 
Boonanarring Nature Reserve. Collecling localities were: Gingin, 7 km norlh of Gingin, Bindoon, Red Hill and Wannamal 
(unpublished WA Museum records ro August 1986). 

SPECIES 

Ulorio moorei 

Neobo/rachus peloboloides 

Diplodacrylus pulcher 

Gehyro voriegola 

Oedura reliculolo 

Phyllurus mi/Iii 

Egernio kingii 

leiolopismo lrilineatum 

Romphotyphlops pinguis 

Notechis scutatus 

Rhinoplocepholus nigriceps 

COlLECTlON 

DATE 

lno dole) 
1954 

(no dote) 
1963 

1960 

1955 

(nodolel 
1959 

1970 

1965, 1971 

lno dote) 

No.OF 

SPECIMENS 

4 
1 
2 
2 
2 
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