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SLL\lNlARY

Fire is  used in  the forests  of  l r ' Ics tern Austra l ia  to
achleve a var ie ty  of  ob ject ives.  Low intensi ty
(<350 kIV/m) f i res set  under  carefu l ly  def ined fuel  and
weather  condi t ions are used to reduce levels  of  fue l
bui ld-up on the forest  f loor .  Recent l . / ,  moderate in ten-
s i ty  f i res ( -1000 k l { t i  n)  burn ing uncler  dry fue l  condi -
t ions have been used for  d isease contro l  and habi tat
i : rar iagement ,  Foresters need to know the nature and
extent  of  t imber loss resul t ing f rom these f i res.  In  th is
study,  the extent  of  bo le damage to jar rah (Eucalyptus
ntat 'g inata i  and marr i  (Eucalyptus oolophyl lo)  t r ( ]es
to l lowing low and moderate j .n tensi ty  exper imenta l  f i res
w a s  m e a s r r r e d  i n  s u c c e s s i v e  y e a r s .

I ' ic . . lerate ln tensi ty  sumrner  f i res caused considerable bole
Camage to the smal ler  d iameter  t rees (<35 cm) of  both
species.  Jarrah boles were more res is tant  than marr i  to
[ i r c .  T h e  b o l e s  o f  ] a r g c  d i d m e t e r  [ 2 3 5  c m ) ,  s i n g l e -
stemmed jarrah t rees which were undamaged pr ior  to  the
si tudy and which were more than 2 rn awav f rom logs
v?ere not  darnaged by moderate i l tens i ty  summer f i re .



INTRODUCTION

Contro l led f i re  cont inues to be an
important  factor  in  the successfu l
management  of  forests  in  Western
Austra l ia .  S ince the 1950s ,  the

iarrah (  Eucolyptus morginoto)  forests
have been burnt  per iod ica l ly  by low
intensi ty  (<350 k l { /m) f i res set  under
carefu l ly  se lected fuel  and weather
condi t ions (Underwood and Chr is tensen
1981).  These per iod ic ,  lorv  in tensi ty
fires maintain forest floor fuel levels
below about  8 t /ha,  and therefore
contribute significantly to the control
o f  w i l d f i r e s  ( U n d e r w o o d  e l  o l .  1 9 8 5 ) .
Such f i res have not  caused measurable
reduct ions in  t imber y ie ld ILoneragan
1 9 6 1 . ;  P o d g e r  a n d  P e e t  1 9 6 4 ;  A b b o t t
a n d  L o n e r a g a n  1 9 8 3 ) ,  n o r  h a v e  t h e y
c a u s e d  a n y  s i g n i f i c a n t  d a m a g e  t o
l a r g e  t r e e s  ( C h e n e y  1 9 8 1 ;  A b b o t t  a n d
L o n e r a g a n  1 9 8 3 ) .

F e c e n t l y ,  t h e  p o s s i h i l i t y  o f  u s i n g  f i r e
f o r  d i s e a s e  c o n t r o l  ( S h e a  1 9 7 5 ;
Burrows 1985)  and for  fauna habi tat
management  (  Chr is tensen 1983)  has
been examined.  In  both instances,
f i res need to be of  a  h igher  in tensi ty
than fuel  reduct ion f i res and set
under  dr ier  condi t ions.  Al though
ground l i t ter  fue ls  in  much of  the
iarrah forest  are mainta ined at  less
t h a n  a b o u t  I  t / h a ,  i n t e n s e  s u m m e r
f i res can cause crown and bole damage
( M c A r t h u r  1 9 6 8 ;  I v l c C a w  1 9 8 3 ) .

I n  f o r e s t s  m a r r a g e d  p r i m a r i l y  f o r
t i .mber product ion,  the ef fect  o f
moderate ln tensi ty  summer f i res on
t imber va lues needs to be determined.
Severe wi ld f i res cause commerc ia l
t imber va lue losses (Peet  and
Wi l l iamson 1968) .  but  the ef fect  o f
f i re  behaviour  on the extent  of  bo le
damage is  not  wei l  def ined.

I t  is  important ,  therefore,  to  examine
the extent  of  f i re  scarr ing and t ree
morta l i ty  fo l lowing low and moderate
i n t e n s i t y  s u m m e r  [ i r e s  i n  a  l a r r a h
forest ,  and to def ine f i re  behaviour
and stand character is t ics predisposing
tree boles to f l re  in jury"

NIE'I'HODS

The study was carr ied out in 40 ha of
jarrah forest in Young Block, 25 km
south-east of  Dwel l ingup, Western
Austral ia.  The sur:rounding forest
for a distance of up to 3 km was
burnt by low intensi ty f i re in 1979 as
part  of  the Forests Departmentrs (now
the Department of  Conservat ion and
Land Management) fuel  reduct ion
program. The study area had been
logged  in  the  1930s  and  had  exper -
ienced regular (5-7 years) low inten-
si ty fuel  reduct ion burns since the
mid  1950s ,  and  p r i o r  t o  t h i s  s tudy
was Last prescr ibed burnt in 1974. A
rubber-tyred tractor was used to
construct twenty plots,  each about 2
ha  (200  m x  1 .00  m)  and  separa ted  by
a 3 m wide mineral  earth break.
Four  pa ra l l e l  r o$ rs  o f  quadra ts
runnj.ng lengthwise in each plot  were
marked  w i th  pegs .

Each row consisted of  s ix numbered,
cont j .guous quadrats,  each 4 m wide
and  20  m long .  The re  were  24
n r a d r a l s  i n  p a c l r  n l n t  a n d  4 8 0
quadrats in  a l l .  Not  a l l  were used.
Many quadrats were not  burnt ,  were
damaged by fa l l ing t rees or  were
dls turbed dur ing f i re  contro l  opera-
t i o n s .  F i n a l l y ,  o n l v  1 6 3  q u a d r a t s
w e r e  u s e d .

Pre-burn measurenlents were made in
November,  1979.  A11 t rees ta l ler  than
2 m in each of  the quadrats [20 m x
4 m) were ident i f ied by at taching
numbered meta l  tags around each stem
at  1.  8  m above t ] r .e  ground.  Tree
species Ie i ther  jar rah or  marr i )  was
recorded and d iameter  at  breast
h e i g h t  o v e r  b a r k  ( d b h o b )  w a s
m e a s u r e d  ( u s i n g  a  d i a m e t e r  t a p e ) .  A
kni fe- type bark gauge was used at
four  points  around the stem to mea-
sure bark th ickness at  breast  height .
The average of  these four  readings
was used to represent  bark th ick-
r ress.  As the forest  had been



c o m m e r c i a l l y  c u t  o v e r  i n  t h e  p a s l  ,
many stenrs were coppice of f  o ld
s t u n ; p s .  . \  l l o t c  ! ! h s  m a d e  o f  w h e l l r e r
the stem rvas a ccppice stem or  was a
c i  n  o l p  " r i o i n r l  . t o n r

T h e  b o l e  o f  a l l  t a g g e d  t r e e s ,  u p  t o
2 m abovc grorrnd,  was exarn ined for
o r e v i o u s  f i r e  r l r n r i ' g e .  T h e  I i r s t  2  n 3
only  was examined as th ls  is  t t re  zone
m n c f  l i l z o l , ,  i -  h !  ,  i y ^  d - - - ^ ^ ,  , . - , 1

u d r , r d l : c u ,  d ' r u

r e p r  e s c n t s  t l l u  r - - r ( , s l  v a l u a b l e  s e c t i o n
o f  l o g  .  T l r ( r r t ,  w e r C  a l s o  p r a c t i c e r l
c i i f f r c u l t . i e s  i n  d t t e m p t i n :  L o  m e a s u r L
f i r e  c i a n a g e  h i g h e r  u p  t h e  s t e m .

Fi re in jury or  dr1 's ic l ing occurs when
a sect ion of  cambiurn on the bole is
k i l l e c l  b y  h e a t  ( G i l l  1 9 7 4 ) .  T h e  b a r k
a t  t h e  i n j u r v  s i t e  l a t e r  s l o u g h s  a w a y ,
e>: i )os ing the r j rv  wood.  In  some
cases,  the rvounC occluc les,  anci  is
o n l v  r e c o ; l r i r z a b l e  a s  u  l u m p  b e n e a t l .
t h r  b a r k  I M c C a w  1 9 8 3 ) .  I r r  t h i s
s t u c i . r .  a n  a s s e s s l . e , ' t  o f  p r e -  a ' C
l r r , s t  r . x p e r i l r t . : , t d l  b u r r i  b o l c  d a m a g e
was mal( ie  bv rneasur ing the area of
e x p o s e d  w o o d  ( c m 2  )  w h e r e  t h e  e x t e n t
t  f  i n j u r v  w a :  v i s i b l e ,  o r  b y  l i g h t l v
t a p p i n g  t h . - ,  o u t c r  b a r k  w h e r e  t h e
b a r k  h a d  . r u p t u r e d  o r  w a s  1 u m p v .
1 'appi lg  the bark cover i r rg the
c i . l  nr  b ia l  in jur ies producer l  a  'ho l low'

s o u n d .  I T h c  l a t t e r  t e c l r n i q u e  w a s
p a  r t i c u l a r l y  u s c f u l  w h e r ,  a s b e s s i n p ,
( iarnage 12 months af ter  burn ing,  z 's
b: , '  th is  t ime the bark h i rd not  a lwavs
. l o u g h c d  a v / a v  t o  e x p o s t ;  t h e  i n j u r )  ) .
1 ' ; , J r p i r r q  t h e  L b r k  w a s  p r c f c r r e d  t o
tear ing the bark:  ar ' "ay and expu-s inq
t h c  h o r l r d .  A f t e r  c a l i b r a t i n g  i h i s
t e c t l n i q u e  o n  a  n u m b e r  o f  t e s t  t r e e s ,
a re l iah le est imate of  the cxtent  and
area of  cambia l  k i l l  was obta ined.
The tota l  area of  ca0rb ia l  damage on
e d c h  t r e e  w a s  p l a c e d  i n t o  o n e  o f  t h e
fo l lowing categor ies:

i  .  2 0 0  c n , /  L - r  I  u i r n l r i a l  k i ] l  I  l i p  h t  o r
p  r i n a r y  c l a n r a g e ) .

2 .  2 0 0 - 8 0 0  o n r r  o f  c a r r b i a l  k i l l
I  m o d e r i l t e  o r  s e c o n d a r - r r  d a m a g e ) .

3 .  800 -1200  cm2 o f  camb ia l  k i l l
( heavv  o r  t e r t i a ry  damage  )  .

Two other categories were also used:

5 .  No  bo le  da rnage .

6. Death of  the or iginal  stem to
ground level ,

, _ . . .  ,  , 1 0  c m  i n\ J I  T L ' B J  t

diameter)  f rom the base of t rees was
a lso  measured .

The quant i ty of  f i r re l i t ter  fuel  burnt
in each quadrat was determined by
nreasuring the depth of  the l i t ter
ISneeuw jag t  and  Pee t  1985)  be fo re
and  a f te r  bu rn ing .  Th i s  measure  was
used ,  w i th  f i r e  r i r t e  o f  sp read ,  t o
ca l cu la te  f i r e  i n tens i t y  (Ry ram 1959) .
Fire rate of  spread was calculated by
t iming the progress of  f lames through
r ' . . h  ^ f  t h o  t n  m  l n n n  n " ^ . r - . r -  A +

the same t ime, v isual  est imates were
made of f lame height and f lame length.

A ] lne intercept method (van lvagner
19t i8) was used to calculate the quan-
t i ty of  dead woody mater ial  (1.0 mnr in
dianeter)  on the forest f loor before
and after burning. Inrrnediatelv pr ior
to burning each plot ,  three l i t ter
samples, each of about 50 g were
t i rker l ,  and their  moisture conrenr was
deternined by oven drying .

Condit ions of  fuel ,  weather and f i re
behaviour are shown in Table 1
be low ,  The  p lo t s  were  bu rn t  under
warm, dry condit ions over the per iod
January -March ,  1980 .  An  on
si te weather stat ion measureC air
temperature, relat lve humidi ty and
wind speed and direct iun throughout
i h a  p v n o r i m o n t

Post-burn assessment of  bole damage
was  ca r r i eC  ou t  i n  January ,  1981 ;
Januarv ,  1982 ;  and  f i na l l r '  i n  Augus t ,
1984 with techniques out l ined above.
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Data Analysis

Each quadrat was al located a f i re
intensi ty c lass as fol lows (with the
number of  quadrats in brackets):

1 .  5 0  -  1 5 0  k w / m  ( 2 4 )

2 .  1 5 1 .  -  3 5 0  k w / m  ( 4 3 )  l o w
intensi ty

3 .  3 5 1  -  6 0 0  k w / m  ( 3 8 )

4 .  6 0 1  -  1 0 0 0  k w / m  ( 3 9 )  m o d e r a t e
lntensi ty

5 .  1 0 0 1  -  1 5 0 0  k w / m  ( 1 9 )

TOTAL 163

Fire damage data were analysed by
stages in an at tempt to isolate damage
severi ty and causes. In i t ia l ly,  a l l
t rees were pooled and then sorted
into stem diameter c lasses. The
extent of  bole damage before the
experirnent was then compared with
damage 4.5 years af ter experimental
burning. Simi lar comparison was also
made, but for t rees which were single
s temmed I i , e .  no t  copp ice  reg rowth )
and  away  f rom logs  (>2  m away) .  I n
this instance, jarrah and marr i  were
examined separately.  A comparison of
bole damage was then made between
a l i  t r ees  wh ich  were  nea r  l ogs  ( .1  m
and 1-2 m away) and al l  t rees away
f rom logs  (>2  m away) .

Pre-burn and post-burn levels of  boie
damage  were  compared  fo r  s ing le .
stenrmed trees which were not
damaged  p r i o r  t o  t he  s tudy ,  and
which were further than 2 m from the
neares t  l og .

Final ly,  Camage levels in each stem
diameter c lass and in each f i re inten-
si ty c lass were examined in an
attempt to determine whether or not
f i r e  i n tens i t y  wab  an  adequa te
measure of  a f i rers potent ial  to
damage standing trees.

RESULIS

Pre-burn damage

Low and moderate intensi ty summer
fires caused a considerable increase
in the level of bole damage to trees
<20  cm dbhob  (F igs  1  and  2 ) .  A lmos t
a-ll stems <5 cm dbhob were killed to
ground level ,  so are not included in
Figures 1 and 2. The level  of  pre-
burn damage was high: 20-25 per
cent of all stems in the smaller diam-
eter c lasses displayed some degree of
bole damage. The proport ion of
pre-burn damage was higher for the
Iarger t rees (Fig.  1) .  In the
80-100  cm c lass ,  on l y  26  pe r  cen t  o f
al l  t rees were undamaged pr ior to the
experi .mental  burns. A high propor-
t ion (64 per cent)  of  t rees in this
diameter c lass had been severely f i re
damaged  ( f i r e  sca r red )  p r i o r  t o  t h i s
s t u d y  ( F i g .  1 ) .

Of a totdl  of  664 trees sampled, 550
were iarrah and 1.14 were marr i  (Fig.
3 )  .  O f  t he  to ta l ,  67  t rees  were
copprce stems growing off  stumps.
MDSI of  these were jarrah.

Post experimental  burn damage

Fire-caused bole damage to single-
stemmed jarrah trees not af fected by
burning log mater ial  is shown in
Figure 4.  The ful l  extent of  bole
damage was not apparent unt i l  measure-
ments were made two years af ter the
f i res.  When the f inal  assessment was
made, 4.5 years af ter the f i res,  the
level  of  damage ( including death of
stems to ground levelJ had increased
from the pre-burn assessment level
by 42 per cent for t rees in the 5-20
cm class, by 29 per cent in the 20-35
cm class and by 8 per cent in the
35-50 cm class. Trees larger than 50
cm showed l i t t le or no increase in
numbers of  stems with damage,

The proport ion of  undamaged jarrah
trees in the 5-20 cm class fel l  f rom
B0 per cent pr ior to the experimental
f i res to 21 Der cent measured 4.5



FIGURE .1

Percenloge of trees (iorroh ond mori) ond le\el of liretoused
bole domoge betore the experimentol bums ond by

dbhob closs.
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FIGURE 2
Level of firecoused bole domoge to oll somple trees 4% yeors

oftef exoerimenlol summet burns.
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FIGURE 3
Stem sizecloss ftequency dislribution fof jorroh (E. morginolo)

ond moni (E coiophyllo) sludied ot Young Block.
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years af ter the f i res (Fig.  5).
Damage to marr i  t rees in this s ize
class was simi lar to jarrah, In the
20-35 cm class, the proport ion of
undamaged jarrah trees fell from
85 per cent to 50 per cent,  and for
marr i  f rom 85 per cent to 14 per
cent,  Larger jarrah trees showed
only s l ight bole damage. Damage
Ievels,  however,  remained high among
marr i  t rees, even in the larger
d iamete r  c lasses  (F ig .  6 ) .

The level of fire-caused bole damage
was considerably lower among those
trees which were:

1.  s ingle stemmed ( i .e.  not coppice
stem I  ;

2 .  away  f rom logs ;

3.  undamaged pr ior to the study
[ F i g  7  a n d  8 ) .

Of a total  of  664 trees measured, only
283 (or 43 per cent)  met these
criteria. Of these, nearly all small
diameter trees were extensively
damaged, with 46 per cent of  jarrah
trees in the 5-20 cm class either
killed to ground level or severely
damaged (area of cambial kiil
exceeded 800 cmz ) . Almost all trees
killed to ground level later coppiced
from rootstock.

Damage levels were similar for marri
trees in the smallest diameter class.
Whi le 18 per cent of  jarrah trees in
the 20-35 cm class (meet ing the above
criteria) were killed or severely
damaged, the proport ion of  marr i
trees damaged in this diameter class
was double that for jarrah. A very
low proport ion (4 per cent)  of  jarrah
trees larger than 35 cm were severely
damaged (Fig.  7) but marr i  t rees of
similar size were extensively damaged
(F ig .  81  .

FIGURE 5
Proponion olvisibly undomogediodoh he€s by dbhobcloss, ol
vodous inioruols sinc6 buming. OnV singl€ si€mmod l€es owoy
lrom loos or€ included Number ol heos is shown in btockois
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FIGURE 6
Proporlion of visibly undomoged morri lrees by dbhob closs, ol
vorious infeNols since burning. OnV singlestemmed lrees owoy
from logs ore included. Number ot lrees is shown in brockets.
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FIGURE 7
Domoge levels to singleslemmed iorroh hees which hod no
bole domoge prior to burning ond which were further thon 2m

trom logs. Domoge wos meosured 4rlz |€€rs ofrer burning.
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FIGURE 8
Domoge levels to singleslemmed moni trees which hod no
bole domoge prior lo burning ond which were further thon 2m

trom logs. Domoge wos rn€osUred 414 yeors ofler burning.
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smoulder in
logs

A compar ison of  bole damage to t rees
near  logs and t rees away f rom logs is
shown in Table 2.  Inc luded in  Table
2  a r e  a l l  s i n g l e - s t e m m e d  j a r r a h  a n d
marr i  t rees >5 cm dbhob.  Trees less
t h a n  1 m  f r o m  t h e  n e a r e s t  l o g  s h o w e d
a h igher  inc idence of  damage both
h p f n r p  r ' 1 ' l  n a r  . o n f )  q n d  a  6  r r o e r c

after the f i res.  About 24 per cent of
a l l  l r ees  were  w i th in  1  m o I  a  l og .
Alrnost al l  (92 per cent)  t rees Iess
than 1 m frc)m a 1og, were damaged
h l '  t he  l ong  du ra t i on  o f  hea t i ng
p roduced  by  the  bu rn ing  1og ,  The
extent to which logs burnt var ied,
and there was no apparent reason
why some logs burnt completely and
other logs burnt part ia l ly.

Fire intensi ty and bole damage

Fj.re intensi ty up to 600 kl \ j  /m was not
a rel iable measure of  the level  or
sever i ty of  bole damage. I {hen,

TABLE

however,  intensi ty exceeded 600 kW/m
there was an increase in the number
of stems in the 5-20 cm class ki l led or
severely damaged (area of cambial  k i l l
, 800  cm2 ) .  The  pe rcen tage  i nc reases
irr  r rumbers of  t rees displaying f i re
caused bole damage and the percent-
age of t rees ki l led by f i res of
di f ferent intensi ty are shown in
F igu re  9 .  F i res  o f  an  i n tens i t y
exceed ing  1000  kw /m e i the r  k i l l ed  o r
severely damaged most t rees in the
5 -20  cm dbhob  c lass .

lvhen f i re intensi ty exceeded 1000
kW/m, then al l  t rees in the smal l
diameter c lass were ei ther k i l led to
ground level  or severely damaged.
Increased f i re intensi ty had l i t t le
affect  on the level  of  bole damage to
iarrah trees larger than 20 cm dbhob
over the narrow range of intensi t ies
studied here. The number of
quadrats in which f i re intensi ty
exceeded 600 kW/m was too low to
al low an assessment of  damase to
trees larger than 35 cm,

S i n g l e - s t e r n m p d  j a r r a h  t r e e s  s h o w i n g  a n y  s i o n s  o f  d a n a g e  b y  b u r n i n g
" ^ - - ^  f f t e r  l o w  a n d  m o d e r a t er  u g s .  u d r l d i j \  w d s  1 .  r  y s q r  r  (

i  n t  6 h c i  r  h r r r n c  f . , -  ,  -  1 E n .  L L '  / F \
v s - , t v  \ u P  L U  r J U w  ^ r r l r r /  .

c i  h / r l  a  c i -  a m n a . l  l _ v a a c

>2 m f rom fogs
Single stemmed

1-2  n  f rom

Sing le  s tenmed t rees
less  than 1  m

from fogs
t rees

Undamaged Damaged Undamaged Damaged Undarnaged Darnaged

Before
burn ing

314
(  7 B B )

8 8
(222)

1 9
( 8 2 * )

4
(  1 8 * )

L O 7
( 6 6 r )

5 6
( 3 3 s )

af te r 250 752
( 3 8 s )

1 3
( 5 6 c )

1 0
( 4 3 s )

7 4
( 8 t )

I49
(922)
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FIGURE 9
Percent increose in trees with fire coused stem domooe ond
morlolity lelels following different intensity fires. Dolo 016 for oll

60
single slernmed trees cn oy ftom logs ond which ore in the'I 5-20 cm dbhob closs.
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Bark thickness

Bark thickness is widely recognized
as being an important factor affecting
treesr resistance to f i re (Spalt  and
Re i f synder  1961 . ;  Ha re  1961) .  The
thickness of  bark on marr i  and jarrah
trees initially increased with
increasing stem diameter,  and became
more or less constant when stem
diameter exceeded about 35 cm dbhob
(Fig.  10).  Whi le both species are
rough barked, the bark structure and
texture di f fers.  Jarrah has a roush

151 350 351-600 601 1m0 1001
Fire ntens iy closses (kW/m)

500

str ingy bark and marr i  has a short-
f ibred, tessel lated, and typical  blood-
wood type bark.  Before burning
smal l  marr i  t rees (<20 cm dbhob) had
thicker bark than equivalent size
jarrah trees (Fig.  10).  A consider-
able amount of  bark was burnt of f ,
with jarrah losing more than marri.

The depth of bark lost by burning
was highly variable and was up to 10
mm in some cases. Burning str ips of
jarrah bark were carried aloft in the
convection column, but marri bark
appeared to most ly burn on the tree.



FIGURE, IO
Bork thickness ond dbhob reloiionship for moni ond jorroh

before ond ofter exoerimentol burns.
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DISCUSSION

The  inc idence  and  seve r i t y  o f  f i r e
damage to boles was attr ibuted to at
least seven factors,  act ing indepen-
dent ly or together.  These were:

1. .  Stem diameter
2. Bark thickness
3. Tree species
4 .  T ree  g rowth  hab i t  ( s i ng le ,

or iginal  stem, or coppice of f  o ld
srump J

5. Proximity to heavy fueLs ( logs)
6 .  Ex ten t  o f  pas t  bo le  damage
7. Fire intensi ty (hence the weight

of fuel burnt and factors affect-
i n o  t h p  r r f p  n f  f i r c  e n r p a d )

The boles of  smal l  d iameter  (<5 cm)
t rees of  both species were k i l led or
severely damaged following low to

moderate intensi ty summer f i res.
Bark thickness was directly propor-
tional to tree diameter [until diameter
exceeded  35  cm) .  V ines  (1968)  and
others have also found that fire
resistance depends largely on bark
thickness. Bark is an excel lent
insulator of  heat (Mart in 1963) so the
amount of heat conducted across the
bark from the flames to the cambial
zone would decrease with increasing
bark thickness. Tree diameter may
also be important, not only because it
relates to bark thickness, but also in
the ability of the inner woody core of
Iarger diameter t rees to absorb and
conduct heat.  Wood has a higher
thermal conductivity than bark
(Mar t i n  1963) ,  so  hea t  can  be
dissipated away from the cambial zone
more effectively by Iarger diameter
r rees .
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Bark thickness, bark moisture
content,  and the durat ion of  heat
input at  the bark surface wi l l  deter-
mine the amount of  heat received at
the cambial  zone (Vines 1968) .  Marr i
t rees showed considerably more bole
damage than jarrah, even though both
species had simi lar bark thickness.
Marr i  bark,  however,  is of ten deeply
f issured and the minimum bark depth
around the bole may be considerably
Iess than the measured average. The
technique used to measure bark depth
was unsuitable for measuring the
depth of  bark in the narrow f issures.
Under these dry condit ions, there
was a tendency for marr i  bark to
catch al ight and to combust on the
tree. I t  is also l ikely that the more
visually obvious response to cambial
in jury by marr i  (which included
prolific exudation of kino and ruptur-
ing of  the bark) caused bias towards
over-est imat ing the extent of  the
injury.  Of the marr i  t rees in the
35-50 cm class which were single
stemmed, away from logs and without
histor ical  damage 24 per cent were
not damaged. By contrast,  80 per
cent of  jarrah trees in the same
category were not damaged.

Species and stem diameter aside,
other factors predisposing trees to
bole in jury were the treers growth
habit  and the proximity of  heavy,
woody  fue l s  ( l ogs  and  s tumps) .
Trees which were damaged pr ior to
this study were further damaged by
these f i res.  Previous in jur ies were
extended when the dry wood at the
old in jury s i te igni ted and cont inued
to burn for up to several hours after
the main f i re had passed. Old trees
with large hollowbutts resulting from
past f i res,  of ten broke off  at  the
base, Coppice stems growing off  o ld
dry stumps were severely damaged or
ki l led as stumps igni ted and burnt for
long per iods (Plate 1).  Under these
dry  cond i t i ons ,  a lmos t  a l l  s tumps ,
logs and exposed, dead woody mate-
r ia l  on l iv ing stems Idrysides) igni ted
readi lv.  Normal lv,  these fuels do not

igni te dur ing
carr ied out in
when fuels are

fuel  reduct ion burns
spr ing or late autumn
mo is t .

Plate 1: Typical jarrah coppice. The old dry stump
readily ignites durlng summer fires and
causes severe damage to coppice stems.

The distance of logs from tree boles
had a marked effect  on stem damase
fP la te  2 ) .  Logs  a t  t he  base  o f  t rebs
are of ten the cause of severe f i re
scarring and eventually hollowbuttin g
(Jacobs  1955 ;  V ines  1968)  .  The
extent to which a burning log caused
damage was found to be dependent on
i ts distance from the tree bole fTable
2 ) .  A l though  no t  measured  he re ,  I og
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size and, probably more important ly,
the quant i ty of  log mater ial  burnt,
are likely to affect the level of
damage. When trees were more than
2 m from even large logs, then l i t t le
or no damage was sustained.

The extent of  previous in jur ies,  the
growth habit  of  stems and the
quantity and location of log material
on the forest floor critically affected
the level  of  bole damage caused by

fire. These factors can be controlled
by short  and long term management
pract ices, Of the 664 trees examined,
304 trees were in s i tuat ions Dre-
disposing them to bole damage, even
following low intensity summer fires.
A similar hypothetica-i forest of single
stemmed trees (no coppice),  wi thout
previous bole in jur ies,  and with fewer
Iogs lying on the forest floor may
have incurred about 50 per cent less
bole damage than the forest studied
here  (P la te  3 ) .

nearby. Subsequent
buned'.

* i'{, rl'

. ' E ,

' : , . *

Plate 2: Stem damage to jarrah caused by a log burning
fires will enend this iniury unlil the lree is 'hollow
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Plate 3: This single stemmed jarrah tree is clear of
logs and heavy fuels and has no previous
bole injury. Even atter a moderate intensity
(1200 kWM) summer fire, this tree shows no
signs of bole iniury.

The effect of fire intensity on the
level of bole damage was not clearly
def ined by th is  s tudy.  The resul ts ,
however ,  do show an increase in  s tem
morta l i ty  and bole damage when f i re
in tensi ty  exceeded 600 kW/m. This
was most  obvious in  the smal ler  s tem
diameter  c lasses.

K n i g h t  ( 1 9 8 1 )  h a s  s h o w n  t h e  a m o u n t
o f  h e a t  e n e r g y  a b s o r b e d  b y  a  b i l l y -
can calor imeter  near  ground level  to
be a function of the quantity of fuel
consumed and not  re lated to f i re
i n t e n s i t y  p e r  s e .  B u r r o w s  ( 1 9 8 5 )
found a positive correlation between
fire intensity and the death rate in

populat ions of  l lonksio granr i is,  and
suggested that both the quant i ty of
fuel  burnt and the rate of  heat
release were important factors.  Fire
intensi ty is a funct ion of  the quant i ty
of fuel  burnt and f i re rate of  spread
(By ram 1959) ,  F i re  ra te  o f  sp read  i s
a funct ion of  the quant i ty of  fuel
avai lable for burning, and other fuel ,
weather and topographical  condit ions.
The single most important factor,
then, is the quant i ty of  fuel  which is
burnt.  Fires which burn under
warm, dry condit ions burn a greater
quantity of the total fuel complex
(By ram 1959)  and  genera l l y  sp read
faster than f i res burning under cool ,
mo ls t  cond i t i ons  (McAr thu r  1967) .
When fuels and soi ls are dry,  addi t-
ional  fuel  types are burnt,  including
l iv ing vegetat ion, bark on standing
trees, and larger,  woody mater ial  on
the forest f loor.  I t  is  not normal for
these fuels to burn under moist
condit ions in spr ing.

The usefulness of  i i re intensi tv to
character ize the ki l t ing power and
bole damage potential of fires could
not be ful ly determined because the
intensi ty range was narrow. F-orest
f i res can generate up to 60 000 kfv/m
under extreme condit ions (  Cheney
1981).  Such high inter)s i ty wi ldf i res
have caused extreme bole and crown
damage in the jarrah forest (Peet and
Williamson 19 68 ) .

A l t hough  no t  measured  he re ,  w i l r r l -
speed in the forest during a fire is
also likely to affect the level of bole
damage, not only by i ts af fect  on
increasing spread rate (hence inten-
si ty)  ,  but also on the pronounced
rchimneyr ef fect .  Flames were obser-
ved to persist  on the leeward side of
trees and bole damage (except for
that caused by burning logs) was
most ly found here. Laboratory
studies by Gi l l  (1974) showed that the
durat ion and length of  f lames on the
leeward side of  cyl inders was affected
by  w indspeed .  The  he igh t ,  l eng th
and depth of the ground fire flames
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strongly affected the duration and
Iength of flames on the leeward side
of tree boles i.n this study. Flame
structure integrates many factors of
fuel ,  weather and topography and
relates well to fire intensitv {Bvram
195 I  I  .

The level of timber loss as a result of
these experimental fires would be
exceedingly difficult to forecast,
Iv lcCaw (1983) reported a signi f icant
positive correlation between the
extent of fire-caused drysiding and
the extent of  subsequent t imber
degrade resulting from fungal and
insect activity. He found a high
incidence of fungal and termite attack
in jarrah trees damaged by wi ldf i re
and suggested that the sawn recovery
from fire-damaged trees would be
influenced by the diameter of the tree
at time of injury. Many small
(5-20 cm) trees were severely
damaged by f i re in this study.

Secondary degrade through decay and
insect activity is likely to increase
the incidence of timber degrade and
volume of timber loss in the centre of
logs when these trees reach maturity
in 50-70 years.  Damage to smal l
trees also predisposes these trees to
further damage by subsequent fires,
A considerable amount of timber can
be lost as a result of repeated fire-
caused lesion extension of a small
(<200 cm2) f i re-caused injury to a
young tree. Timber degrade due to
gum veining is likely to increase
following low-to-moderate intensity
f i res,  part icular ly in marr i .

CONCLUSION

Low and moderate intensity summer
fires caused a considerable increase
in the level of bole damage to both
jarrah and marr i  t rees, Trees most
prone to bole injury were trees with a
dbhob <20 cm, trees with old in jur ies,
trees near logs and trees growing off
stumps (coppice).  The incidence and

severity of bole damage was greatest
in marr i .  Trees near logs were
damaged, even when fire intensity
was  l ow  (<350  kw /m) .  Under  warm,
dry summer conditions, considerably
more fuel becomes available for
burning and the quantity of fuel
burnt was probably the single most
important factor affecting the level of
bole damage.

While not immediately quantifiable,
there will undoubtedly be a signifi-
cant loss of timber yield from forest
fires either deliberately lit or
unplanned, under dry conditions (fuel
moisture content !8 per cent and
S.D . I .  51200  Moun ts  (1972) ) .  Th i s
loss may not be fully realized for
many years until the trees are of
millable size. Given this, foresters
must carefully consider whether to
forfeit some timber producing poten-
tial for equally unquantifiable gains in
disease control or habitat diversity,
in timber production forest, Damage
levels, hence timber losses, will be
dramatically reduced in mature forests
(most trees >20 cm dbhob) of single-
stemmed trees with little or no
previous bole damage and which do
not contain heavy ground fuels or
Iogs. These factors can be controlled
at a cost by forest management.
Young re-growth forests should only
be burnt by low intensity fires when
most trees have reached a diameter of
at least 10 cm and are clear of loss
and other heavy fuels.
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