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Introduc:t i.on 

t,1o s t i.') f t he j arr ah < E.1.u: .i.;ll;L&l.t!..\.s._m.at:.si.t1a±..,2,. Donn e :, :::;m • ) 

forest in the south-west of Western Australia is subject to 

r egular prescribed burning int e nded to prevent litter and 

scrub fuels from accumulating above a level con side red 

acceptab l e for fire cont rol . Fires are generally 

prescribed every 5-7 years accordin~ to the rate of fuel 

accumulation with the aim of keeping fine fuel loads below 

c1.bou.t 8 t/ha .. Heavier fuels make wildfire suppression 

impossible under adverse weather conditions and increase 

the likelihood of serious commercial damage to the forest 

during uncontrolled fires. Fuel reduction burning is 

mostly done in s pring when fuels are moist and the local 

~:cii 1 DrynE•ss Inde;<1 (Mount 1972) is belo1-1 about 500. The 

region has a long dry summer and the pea k SDI often e xceeds 

1700 in March or April before autumn .rains commence. The 

inten s ity (By ram 1959) of pr escribed fires is deli beratel y 

kept low in or der to minimis e damage to the trees a nd 

seldom exceeds 350 kW/m (Chri ste nse n a nd Kimbe r 1975). 

1.1. r, i. t ~::, o .f. 0 , 1 rn rn of r a. i n -f- a l 1 , 



1 
.... ,~. :-·•,::l i:? i'3.r·c,,ci.~" o·f .rc,1··1,•~; t h,Jv,::• thi=.• potential. to b,,:• S•?l'"·iousl/ 

(Podg,2r 1972i , 

I l'i t (:.• r: s i -f. i ca. t _;, u n i:.1. n d <:; pr· ea. d o ·f the d i s e.• a. s ,-=., i s a. i de d by a. 

,,;;us;c:,,:•p{:ib._! c:, 1. \!'1d,·-,•1··,.o tu1···0>'i s; u. ch a. s the di::-nc;;e thic:k~"'tS:, CJ ·f 

.B .;;,i,nl.t:ii.LiiL .. Si.L.i;l,.tHLi, .. :;L hJ ... l...L:1, ,•.•h.ic:h occur on ,;;omc- ,.,; itE~s .it", the 

hi9h,=-1·· rai n·fa.11 zo ne• o·f thE• for-est (Shea 1975). In 

c tJ n t r as t ~- c ci n d 5 t i c; n s i. n t h e s u. r ·f- a. c e so i 1 be n ea. t h . a. n 

u. n d •'c! 1·· c.:: t CJ r· ey o-f- :-, at iv,::, 1 e•3u. rnes , pa.rt i c: u. l a.r· l. y .8.C.il.C.:i.fJ. __ 

~ulcb~lla R.Br . 1 have been demonstrated to b~ generally 

unfavourable to the fungus (Shea 1975, Shea and Malajczu~ 

.1977) . Native legumes may also be significant in overall 

·f D r E' s t r: ,. 1• t r- i t i o n t h r D u. ,.3 h ·F i :,-:: a t i CJ n • f n i t r D •::J e n ( S h e i-J. an ct 

!<:itt 197{,), 

f;;'; J-i,,::'.i:.\ . . C;;:.L ... ~d. '.1S'79 ) pr·t1pusi::•d thi-J t +i1·· 1::•i'.i could b,:_. prE:':sc,·· ibed 

'en 1·· edu c ,"? ·1:. :·:,:::, D.bunda.i',ce eif .B .. , ... 9Li;)JjJliJ;i .:::.nd si1nult,"J.n0.•ou.sly 

l' e ':1 •? n ,~,. ;:1. t 1=-' 1 f,, ·:! t.l rn ,,::, s :- t h u. s r E• du c i n g t ht:> l i k ,:, l y i rn pa c t o ·F 

d i (~~_;a. c: k <:; h D ;_; j d i. :·: -f- ,:::, c t i on o c c u r .• To be ,':•f ·l·ecti. v,:;,_., su.ch 

t l··,ici< ha.,·J .. _, '"· 1-,1 eJ:; ,:),,2··./1,•luped 1·-cio l!,stuc:k habii:._, and r· i=' 'shoot.~; 

B,;_,,_r,k;;,ia. rnc., ;-·t,::i.J .it/ t·Cc:l:-1-. i:. e~; dir·c-ct. 1/ to 



fire intensity~ with fires of less than 350 kW/m having 

1 i t t l e e f ·f i:' c: t CJ n t h e po p u l at i o n c.1. f t e ,,. 2 ye a. r s • ( Bu r r· o vis 

1 9 8 5 ) . Bu. r 1~ o 1•1 s ( 1 9 8 5 ) cons i de rs t hat ·F i res o f s u f f i c i en t 

intensi ty to kill a substantial proportion of the larger 

indiv id uals can onl y be obtained by allowing fuels to 

accumulate wel l a bove Bt/ha, or by burning light er fuels at 

high levels of fire danger (Sn eeuwjagt a nd Peet 1976). 

Secondly, burning during dry condit{ons favours 

regeneration of many of the common nat i ve legume , which 

re-establish fr om seed stored i n the uppe r few centimetres 

of the soi 1 (Peet 1971, Shea et al 1979) . Ha.rdseededness 

(Gi 11 1981) is common amongst this group and many 1.'Ji 11 only 

germinat e in substantial numbers after the soil has been 

heat ed or disturbed mechanicall y. Spec i es o f ~~a~ia , 

Bg55iaea_and_~enne~~a typically exhibi t this behaviour. 

Burning under d ry conditions p r omotes complet e co nsumption 

of litter fuels down to mineral earth and heat penetration 

into the soil t hu s providing a favour able envi ronment f o r 

seed ge rm ination (Christensen at_a l 1981 1 . In a.ddit ion , 

aut um n germinants are assured of subst a ntial winter 

ra i nfall, where as seed germinating ir1 spring may s uff e r 

heavy drought losses during th e ensuing summer . 

Broad s ca l e burning in s ummer or early a utumn poses many 

m o r e p r ob 1 ,:::, rn s t h a. n s p r· i n 'J b u. r· r1 i n ':I • Fi :··e b eha.vi ou.r be .. comes 



inc1···1:?asin ·~Jly u.nstabl,:::· in . dry ·f u.,21s ( < 10%M . C,) renderin •3 

.:1.c:cur;;'l.tc pr·0.,0:oc:1 .. · :i pti!J 1·1 Df ·fir(;,; int\'::• nsity di-f+icu.lt, a r,d 

inc~easin0 t he likelihood • f suppression probleMs and 

ph/':,ic,.,,.1 d a.rn,'l.'::)E• to tr'E:••~_.,,:, .. In order t • gain a better 

underst~ndinq of the behaviour a nd effect s of summer/autumn 

l arge r scale operational trials. This paper describes a 

2200 ha aerial burn undertaken with the inte ntion of 

a.ns1•1erin9 i:.h(c• -f • llD 1·1in•3 qu.(-::•<:5ticJns a.bDu.t broa.dsca.lE• h u.t·· nii',g 

at low to moderate intensity during dry con ditions·-

,.., 
L 

L•Jha.t r E•du.r..:tion in the a.bu.nda.nce o f n .... ,sL.an.di,;;i ca n 

ca.n 1.•.ti d es.,prcc.•a.d l e9u.rnc• t h ickets b,2 c•,;ta.bl i <.shedr.::• 

1·.•ha.t l •:::•V(:.' l D·f phy,:;; ical ci8.rna.s_::7e 1•Jill. the ·f-CH"· ,:::• st 

growing stock suffer? 

c: o. r, t l': ,:::• b (':• h a. v i o u. r o ·f a. m n. s s i g n i t i o r, + i i"· e i:> '"" 

adequately pr·edicted and c ont r olled during dr 

c c:i l": d i t_ i o n ~:3 ,. 

f·lo •, •i ( •'1CD•··· pc,:·•3,t ,s,;j j nt:) th,::< Di:• pa. ,···t 1n (:•:·, t D-f C Di'l!3 E?I \/ D.t lUl"I 
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Materials and methods. 

The 2200 ha study area w~s 

about 25 km s6uth east 6f 

located -i ,n Hakea forest bi·ock. 

D~,el I ingup. About two third-s . of 

the block is -open . f;orest 

·., 
I • • ••:, • ::_~, ': r und,er, a , 

for;:e.st with a l-Ji.de ·· r.ang~ . o:f '·age and size classes. · 
... ; ,· ... ··, ,, ' . '{ . 

from . up)and ar_e·as_ ·t,~·e ~-v,e ,<3:e,t .~tiG1n ranges from 
,, }- ( l, • 

Pindalup ~Yarragil antt ; Murray-B{ndoo~ vegetation 

C Hed d_l e e.t_al--· 1980 > 

There was some limiti~- pr escribed burning in the blotk 

prior to spring . 1968 when the entire area wis burnt. The 

block was burnt again in spring 1974 a nd thus carried 6 

year- old fuel ·and scrub a t t he t i me of the experime·ntal 

autumn burn in 1980 . 

.,.· 

...,,)' 
' I ~ •:>' •; I ' •• ', f • ( •/ , : '~ ~ • ._ • ~ 
• • t:- • . .... ,·, .•(·. 

,,,,,: .. ; ,\:, ·, 

.;.: ,, ~--~ 



Pre burn assessment 

Forty seven permanent 20 x 20m plots were established prior 

to the burn at locations chosen subjectively to sample the 

range of forest stand structure and understorey type. The 

number of B~s~an~is within each plot was counted and the · 

diameter of individual plants taller t han 0.5m was 

measured (at 0.5ml and used to calculate basal area. The 

understorey structure in each plot was assessed by the levy 

point quadrat method (Levy and Madden 1933) from 50 points 

made on a grid pattern . Th~ ~icurence of the ~ajor legumes 

. was .d.etermi.rie<;I by counting tti,~ number of individual plants 

· of,. iic:4.i:i.a., B.c.s.;'.ia.ea. and . Kenr1e:·iJ~'- ~-pet i ~~ i r, eact'~(_ p:i o't- ; 
. . . . . ', ' . ' ' i _..'. ,_,. . ,: -. '. ' ( t • :~· •• ',· ' •• 

A number of healthy jarrah 0ithout existing bole defects 

were selected in the generar vicinity of each plot 

ac~ording to the structure and condition of the stand. 

Stem diameter was measured at breast height overbark 

(dbhob) and logs or slash fuel within 1.5m of the tree were 

noted. litter fuel was collec t ed from four 1m2 q~adrats 

in each plot and oven dried to estimate fuel loading. 

Additional estimates of litter fuel load were made at 126 

points throughout the study area based on the depth/weight 

relationship developed by Sneeuwjag t and Peet (1976). 
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~Q~t_Qu~n_aaa~aam~nt 

Crown scorch height was measured during August 1980 within 

individual plots and on a 400 X 100 m grid acrr-oss . the · 
·/~'.. .,·\: <.· 

block. 1-egume regenerat i o_~;;\~er.'e. 
>)•;• ', • I , , 

described at the same time by counting the number a:f 'r•' 

·::rr>,~' 
seedlings of each species in a 1·om-2 quadrat at grid 

·: . 

Count·~ 

area a:n·d ·an\ 4·(!. 
·,, · . ~ ~•,~, }J' 

\ 'f • I 

were · repea",t,<~d 
I • • ,I • -, 

., · .. •t-. ' . 

i -r, F ~:~/'~u ~r-~-

assessed in ·Autumn :199f: a'hd a.gain durin~,.-Ninter 1982. 

B.:"-s~a1:1d.i.a p 1 ants were rec·orded as hav i n.g reshot from · the 

cro\°'li, reshot f~ om ~h~ base or loNer ~t~m, or. having died 
/ 

' altogether . During. the 1.9.81" assessm·ent, th'e presence of 

bole epicorm ics, bark cra·cking and c·ambial damage on jarrah 
' \ 

w@re. noted~ - and -~n 19~2· the size and · lo~ation of wounds was 

measured . When~ _'necessary, seGtions of the bark were 

:riemoved · to ex~o~~ the tu·ll extent of injury. 

•, \ . ~ ' .•'• 
~•••. ,• I 

,, ,. 
1 

, • _I.~ : ,·\ 



The Hakea burn required a substantial commitment • f time 

and resources by both local and specialist fire control 

staff. Adjacent forest within about 3km radius of the 

study area was burnt during spring 1979 to provide a fuel 

reduced buffer, and additonal suppression forces were 

brought in fr6m outside the Dwellingup division on the · day 

of the burn. 

A. deta_il ed prescription was prepared for. the burn on the 

ba~ts of measured fuel loads, current fir~ beh~viour £ables 

.. (Stt~;e,µ.w'.j,. ag,t _ and :- Jieet ) 976-) :aim,,d• ·. tt:'i,E?. -:: ~,ons•,i,_det;'.~b.,lef :exp~.·j,;,,i;e ,ri.p,e · . 
' ....... ·''.~, •. :• • ' '\·: : • • _·,_ ' • ·.:'•' ~-- '. • .' ' ·~. ,' : :·.: •-:~ .... , '.•· • ·,.· i, ·:. 

~-.;: . ,i1'r,e-:· "cbnl ro·1 .. ,CJ ff ic~r~ ~. '·· crt1::'er. . f ~e,1,.:mo i st.'ur:'e . cOr.i'.t eh-it and. 
•, . ' '•;:'; • <'',I••-, .,'. •' •, >,, • ', ' 

SDI were calculat ed daily from w•~ther readi.ngs, made at 

D1•1e 11 i ngup. Rainfall wa~ recorded at th~ site by a 

portable raingauge. Field samples of litter and surface 

soil (0-5cm) were collected for oven drying at a range of 

locations on the day before, and on the day of the burn. 

Wind speed i n the forest was measured at a location on the 

eastern boundary during the burn~ and several nearby fire 

towers provided fire control staff with regular reports of 

wind speed and d irecti on. Ground observers recorded fire 

behaviour around t he perimeter , and aircraft provided some 

information on fire behaviour within the burn. The bu rn 

was deliberate ly postponed until there was a light fall of 

rain to moisten the surface fuels. Three millimetres of 

rain fell at Hakea on 20-3-1980 and the moisture content of 



li~ter fuels increased to around 50% (0.D.W.). This was 

the first rain recorded at the site during March. Litter 

dried rapidly in the absence of furt her rain and moisture 

contents had fallen to 15-20% by 1500 HRS CWST) on the 

following day . The rain had little effect on soil moisture 

and surface soils were still very dry, with upland sites 

be i ng slightly drier than the lower lying areas (Table 1). 

The study area was burnt on 22-3-1980. Most of the block 

was ignited from the air exce:pt for a small section vihich 

was lit by gt".OU'n·d Gr_e-~s. ·1~_.n ·ition began shortly . after 1500 
;,'. { 

wer-e 

progressively reduc ~ ~ -~o. 75 x 75m a• the bu~~ing conditions 

declined after 1600 HRS <-Table 1). Litter samples 

collected between 1500 and 1600 HRS had a mean moisture 

contBnt of about 10% but w~re variable , as would be 

expected over a large area . Winds were light and from the 

SE and ESE . 

TABLE 1 HERE 



Fire behaviour around the perimeter of the block was 
I 

relatively mild with mean flame heights up to about 1m, and 

head fire sp read rates of 20-50m/h. These spr ead rates 

co rrespond to inten s ities of 200-250kW/m if an average fine 

fuel load o f 9t/ha was consumed. Observation from aircraft 

ind icated similar fire behaviour over much of the upland 

fo r est . However fire behaviour increased markedly in 

heavier fuels ~nd on slopes, and was very sensitive to 

slight increases in wind speed. Fire intensities also 

became considerably greater as approaching flame fYonts 

coalesced. Flames flared into the canopy briefly at 

isolated locations 9 and dense scrub vegetation in the low 

lying areas burnt fiercely with all foliage being 

consumed . The block was large.ly burnt out by 2030 HRS with 

n o serious suppression problems being encountered . 

Results 

B~s~an~i5 was present in 37 of the 47 plots before the 

fire, but th ere was considerable v ariatio n in t he 

population structure a nd plant density between plots. The 

d e nsest thickets contained the equivalent of 5400 plants/ha 

and had a basal area of B~sran~~s around 17m2 /ha, but 

such t hi ckets tended to be localised and seldom exceeded a 

few hectares in area. Data from all plots cont a inin9 

B~sLaD~1~ were gr oupd in order to examine the ove rall 



effect of the fire on population structure. Outright 

mortality was least among small plants (38% for plants (5cm 

diameter )and increased progressively with stem diameter 

(Fig.!.). Almost all of the plants below 5cm diameter 

which survived the fire had been killed back ta ground 

level and were reshaoting from basal lignatubers. 

plants displayed a greater ability to recover from 

Larger 

epicormics shoots in the crown and this was prapational to 

stem diameter. 

-- . ,. --.----------

FI. G. : .:_l. NEAR,· HERE 

TN• years after the .fire the mean basal area of B.&..s.t:.a..n.d.i.s 

in the 37 plot~ had fallen from 7.9 to 3.4m2 /ha with this 

reduction taking place relatively evenly across the area. 

(Fig 2.). The impact of the fire could not readily be 

compared between plats due ta the difference in the 

FIG. 2 NEAR HERE 

•' 

,>' 



structur~ of the banksia population, and because 

variability in fire behaviour could not accurately be 

a.ccounted for, The reduction in the basal area of 

.B.4..s.r..an.d.i.5 ~•ia.s ~•Jeakly rela.ted to the scorch height in 

thesurrounding forest CR= 0.32, P = 0.1) but showed no 

correllation with the fuel load measured in the plot before 

the burn. 

A tot a l of 8 spec i es of &t:..at:..ia.,__ B.c.s.s.iae.a and b::e.t1t1e.d:;t.a w:? re 

recorded before the fire with 32 of the 47 plots containing 

at least one of these species (Table 2). Most of these 

plants would have originated after the prescribed burn of 

sprin g 1974. 

TABLE 2 NEAR HERE 

Six month s a f t e r the fire in 1980 all 47 plots contained at 

least one spe cies of legume and most con t ained mor e. 

assessment was only a subsample of each plot and most 

species occurred in a greater number of plots than 

This 



indicated in Table 2, which explains the apparent reduction 

in the distribution of 8..&..ll!J.lc:.b.e.lla after the fire. One 

additional species was recorded in 2 plots after the fire 

In almost every case, individual 

species regenerated in plots where they had been recorded 

before the fire. Some species were noticeably more 

widespread a.f ter the fire inc 1 u.d i ng .8.1:.a.1:i.a_J;i.r:.ei.s.si.a.n.a_ 

Mei.s.s.n~-E~B~M.a.sli.n~_Ec.s.si.ae.a_c.r:.n.ai.a_~Li.n~l~l-Ee.nih, 

~e.nne~~.a_.1:c.1:.1:i.ne.a Vent. and Ke.n.n.e.d~a-ll~Qs.t~ata R.Br. Both 

.8~J;i.r:ei.s.si.a.n.a and a .... Q~D.ata regenerated from existing 

root~tocks ~~s · w•tl as from seed. A+ter 2 years the mean .. ~ . .• 
, I, 

component of · the und~ ~storey. There was no apparent 

relationship betw,ee.n the .abundance of a.ny species in the 

plots after the fire and either the pre burn fuel load or 

the scorch height in the surrounding forest. 

Eleven species of legume were recorded . in the broadscale 

surveys conducted a year after the fire, thi s being 2 more 

than in the plots . The additional species recorded were 

8.c:.ac:.ia_ala:t.a_a. .... B.i::.... a. n d 8.c:.ac:.ia_d.i~e.~9.e.n.s._B.e.t:1.:t.b. and bot h 

were restrict~d to low lying areas where there were few 

plots. 8. ... _e.~:le.o.s.a. was a.lso confined to these sites. The 

remainder of the species occurred on a wide spectrum of 

sites and in areas burnt at varying intensity, with a 

similar frequency rank ing to that in the permanent plots. 



Comparison of fenced exclusion plots and adjacent unfenced 

areas showed that similar changes had taken pla~e in the 

abundance of legume species. This suggests that grazing 

pressure was not a major factor in determining the 

distribution of legumes after the Hakea fire~ 

Of the legumes which regenerated, only a~~ulch~lla and 

f..\.1:.a.c:iiL.t:.el.a.s.t.1.::i.f.oli.a Ben t h . bot h gr o i,J 1 a r g e en o Ll g h an ct 

regenerate in sufficient density to form tall thickets. A 

density of about 1 established plant per m2 is usually 

suff i cient to form a thicket, and about 10% of the study 

area was stocked at this level after 2 years. The overall 

densit y of the thickets would depend on the subsequent 

growth of individual plants. 

The crowns of the ove r storey trees were f ully scorched over 

about 40% of the study area and a futher 10% was scorched 

to at least 80% of tree height representing scorch heights 

from about 16-25m . Scorch heights were g e nerally low 

around the perimeter . There were d i st i nct strips of fully 

scorched fores t par a ll e l to the d ir e ction of the ignition 

lines which probably correspond th e junction ~ ones where 

fire fronts coalesced . The fores t c a nopy recovered rapidly 



in the spring following the burn and after 2 years the 

density of foliage. in the study area appeared markedly 

greater than in surrounding forest which had not been 

substantially scorched during spring prescribed burning. 

Ninety-nine percent of trees selected in and around the 

plots (dbh)10cm) had reshot from the crown within 1 year of 

the fire. 

About a third of the trees below 20cm dbh developed 

epicormic shoots on the stem but the proportion declined 

with . incr-easing:- s ,tem diameter and there were no epicormics 
• I ,• • ",', <° ••·• :•, \ 

retor<;1.ed ~~ ste.~'s- •in exc~ss bf 40cm dbh. ( Tab 1 e 3 > 
,· -·,· 

. , ,'k .... · .. ,' 

TABLE 3 NEAR HERE 

During the assessment it became apparent that logs and 

woody debris which had burnt adjacent to trees were a major 

cause of cambial damage. Twenty trees with no logs within 

1.5m of the stem were s elected at random from the sampled 

population and compared with a similar sample which had 

logs riearby. Almost all trees (95%) wit h logs adjacent to 

the st em were damaged comp~red with 25% for those with only 

litter fuels within 1.5m (p (0.01). Wounds exceeding 

500cm2 in area were, twice as frequent on the trees with 

logs adjacent Cp <0.10). 

',, 



Overall, about 20% of trees which had onl y litter fuel 

within 1.5m of the stem were damaged (Table 3). Most wounds 

were small with two thirds be ing less than 100cm2 in 

area . Wounding was most common on the bottom 2m of the 

stem an~only a few of the large r scar s e xten ded above this 

level . 

The incidence of stem damage was compared between trees 

subject to 3 levels of crown scorch {Table 4). The sample 

was confined to trees 20-29cm dbh in order to limit the 

variation in actual scorch he igh t for a given category of 

crown scorch. Trees which had logs within 1.5m of the stem 

were not conside r ed. Trees with less than half th~ crown 

scorched displayed a lower incidence of stem damage (14%) 

than those scorched to a greater extent (23%) . 

TABLE 4 NEAR _HERE 

Only trees s ubj ect to more tha n 50% cr o wn scorch had wounds 

exceeding 100cm2 in area . Howeve r t he i ncide nce of 

damage t o fully scorched trees was not any greater t han to 

those with between half and c omp l ete crown scorch. 



Discussion 

The response • f vegetation to fire is influenced by the 

season, frequency and intensity of burning which together 

constitute a fire regime (Gill 1975). Accordingly, 

variation in fire intensity will be a major factor 

governing plant response following any individual fire 

event. Fire seldbm burns with uniform intensity except 

over very small a·reas and .in this r;-espect is very dif.ferent 
•, • •• • :, • • • ..... f, 

to ,ynany of _th~ .t _re~,tmerit's _tra_d·itio.nally applied in field 
-\ ~- . 

• ' 1, -~J •', • ,,, · - •• ,. . ~ ·,/.. : ~\<-' ;•',\' ' '· • • • ' ' •' 

' . exp_er i me_n·} s _, '- ·s.~c,~,:? a:3,c · -t.-:~;!11')~.~.'.''.l'..'3/ 0·~: f .er~.i 1 i _sat .i on. Es-ti mates 
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observed fire spreac1··· ,:..;~ft~;;>'.s ·-_. i,rid.i caf'e· · fhaf much of the area 

burnt at intensities of less than 500 l<W/m, which are 

generally regarded as low (Cheney 1~81). The litter bed 
• .. 

generally burnt away completely so that fuel loads measured 

before the burn would be a good est-i~ate of the amount of 

fuel consumed. The broadscale pattern of crown scorch also 

indicates this range of fire intensity as scorch heights of 

16-24 m correspond to fire intensities about 200-500kW/m 

under autumn conditions <Burrows 1984). Unfortunately lack 

of accurate measurements of fire spread rate prevent~d 

calculation of fire intensity at individual plots . 



Plant response was examined in relation to scorch height 

and pre burn fuel load but neither showed a clear 

relationship to the level of tree damage (to jarrah and 

BLs~a~~i~l or to legume regeneration. This may partly 

refl e c t t he difficulty of selecting a meaningful index for 

comparison of fire effect on plants between plots which 

vary widely in population st ructure or species 

composition. The expression of fire intensity through 

sco rch height is also limited by the height and density of 

the canopy in the su rrounding forest and will be strongly 

influe nced by local wind patterns. 

Burrows (1985) found that fi~e intensity was a reliable 

index o f the abil ity of a fire to k i 11 .B ..... .gr..a.n.di.s stems 

back to ground level. The absence of a clear relationship 

betwee n fue l l oad and the level of damage to BLsLandi~ in 

this s tudy s u ggests that factors other than fuel load which 

also con tri bute to intensity have an important influence on 

pla.nt mortality , Burr ows (1985) reported that the rate of 

heat energy release had a detectable b earin g on the level 

of stem m• rtalityi with ·Fast spreading fires causing more 

damage than slower back fires . It seems reasonable to 

assume that fire intensity would also relate to stem damage 

for othe r woody plants protected by thick bark such as 

jarrah, but this could not be addressed directly with the 

data availab l e from this study. 



The very strong relationship between the distribution of 

individual legume species before and after the fire 

illustrates the importance of seed availability in 

determining the distribution of legume regeneration. Seed 

availablilty may also be influenced by factors which 

affect the local heat environment of the sail such as soil 

moisture and the quantity of fuel available for burning. 

Dense legume thickets established in same areas at Hakea 

which had burnt at very law intensity, and the results of 

this study do· not support the contention that high fire 

intensit.ies are·,:e .ssel'.ltiaf ·+or. _s.atis·f'actory legume 
•. • '--~~~_:: ' • ~ - ~:· '. #. :: '-.~.;./:;~f\._: .' , ... ·: .. ,:' ' . . . . ·.,- ' ' . 
reg~·nerat·. i-cit'l . f ij'~e,,:" s}rea' .at::..:a-l, ,197-9>. Peets' < 1971 > study of 

... _· ... ··. ·;;: ... , ,.--: :-.. J\;-;.:,t; .,/. · .. ~;· L,.-}:--·.;>:,::· . . . . . , . . . 
_;} .. e~,.~:~-~ · t e~,~.,-.:, l r ; l %~~{ft:;w,}:W~t t;D1~':.} h:~1 . ~we 1, l.i r g ,t1.p . f. i r.·~ a ·~.s,o ~-i_ d 

.: :•· > .•·•: ,,),':~. ,t. •' 't{~·· .:t·~\.•· ... ;.~:.-~.\·;,:· ... ,· •. (· .... ,;, :· .. ~·, . : . . -. 

·n,ot··, show a;· i ;t~·~t,I;}f f r:,.~{f~e;t~~;e'."."; :1.egt.~~~ dicini i nanti:e aind ·_. f ' i"re 
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intensity as exli~es's 1ed by crown d'kmage, with the 
, . 

contribution of legume spe_cies being 38% in defoliated 

forest, 40% i~ fully scorched forest and 33% in fore~t 

whi~h retained some green crown after the f i re . Legume 

~• ntribution was substantially lower (20%) in forest which 

had been control burnt at low inten~ity in spring. 

The Hakea burn was primarily designed ,as an operational 

trial and not as a detailed scientific e xperiment . This 



should ~e borne in mind when analysing the results of 

trial. Such studies do however provide a sound basis for 

predicting outcomes to be expected in practice . A number 

of conclusions can be drawn from the study i~ answer to 

the questions posed in the introduction to this paper -

.t " b!l1.a.t_.r.:.eslilC.i.i.l:llL.i.n_.i.b.e_.a.b.un.d.a.n.r:.fL.Qi_.B~.9.1:.an.dl.~ 

~~n_b.e_.ez~.e~i.e.d.1 

Low to moderate intensity autumn fires may red uce the 

initial ba.s e. l area of B. .... s.r:.a.n.d.is. by up to hal.f with 

reasonable uniformity over a large area. Up to half of the 

plants> 5cm diameter may be killed outright. Burrows 

11985) reported similar levels of BLsran.d.is reduction for 

this range of fire intensity, and showed that the level of 

reduction increased at higher intensities. H• 1•1ever a. 

si~9le fire with this range of intensity wil l not achieve a 

lastin9 reduction ir1 B..L.9.r:.a.11.d.is. density, as plants killed 

back to ground level rapidly reshoot and those above 5cm 

diameter which remain unaffected by the fire have t he 

potential to produce seed and thus replenish the population 

(Abbott 1985) . Subsequent treatment would be necessary to 

remove r e maining larger trees and prevent regrowth from 

attaining seed bearing size. The detailed prescription for 

such a treatment in discussed by Burrows (19851. 



The success of legume regeneration depends on the 

availabliity of a source of viable seed. The presence of 

plants of the desired species is the only reliable. 

indicator of a seed source at this stage. The results of 

this and several other studies (Peet 1971, Shea et al 1979) 

have demonstrated that seed of a number of legume species 

is present on a wi-de range of sites throughout the jarrah 

forest. However . some · legumes are site specific <Havel 

1975> . and. it .is, .1; .. H:,.l.i,ke'lY. tha:t. al.tera,t-ion of the c .ur:rent 
• ..- ' .•,-· - f.• ' .• ' 

• I :· '~ • 5 • } , ~ • I ' 

.fire·. re·gime,, ~ou-1'.cL g_r.eatl~ 'e:ffe'.ct t.l're distr.ibution of these 
. ?' :,:if.(:y(_::.\:·,\ : _.,·_.,.:; ·_; . : ,_,;. ' •.' ' 
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cpns'tant a,n~d / i:s .. ::i:,rdH ,l!lien,C!l\~d-:{~·)'•' r,, ·a'i1n'fa'l l' . a,t:id· · l1ar,rd'for.m-. 
~ ' . . 

Artificial see~ing w~uld p~ovide a more reliable method for 

establishing thickets of desired specied on sites where the 

ext·ent or compost ion of the natura.l seed source ca:nno't be 

determined, or where thicket forming species do not 

naturally occur. High fire inten~i~ies do not appear to be 

essential for legume regeneration during dry autumn 

conditions. However legume regeneration and fire intensity 

are linked indirectly as intense fires are more common in 

heavy fuels and during dry conditions. 



3. ~bai_1e~e1_of_~b~si~.al-~amase-~i11_ihe_fQcesi 

sco~ins_sio~k-suiier1 

Logs and debris which burn adjacent t o trees ar~ a major 

agent of stem damage during summer and autumn fires. The 

level of damage during such a fire will be strongly 

influenced by the amount of log debris in the stand, 

irrespective of the fire intensity. Potential crop trees 

in silviculturally treated stand s are currently protected 

by moving logs and tops away from the stem. Similar 

treatment would be required if crop trees were to be 

protected in forest burnt during dry conditions. 

operation would be labour intensive and costly. 

Such an 

For jarrah, the likelihood of stem damage leading to wood 

degrade depends on the size of t he initial wound~ and 

wounds below 100cm2 in area have been shown to seldom 

affect the potential of a tree for wood production 

(McCaw 1984) .Excluding trees which were damaged by burning 

logs, the low to moderate fire intensities experienced at 

Hakea damaged 7 - 10% of trees ()10cm dbh) to an extent which 

may result in commercial volume loss . The eventual 

magnitude of the loss will be a·Ffectect by the size of the 

tree at the time of injury, the e x tent of the damage and 

the technique of utilisation employed. 



Stand st ructure has a major bearing on the range of fire 

intensity which should be prescribed. Forest which 

contains a high proportion of young growing stock 

«20cm dbhl is readily susceptible to croi-m damage and fire 

intensities should deliberately be kept low, as is the case 

with spring burning. The level of damage acceptable in a 

more mature stand will depend on the purposes for which the 

forest is managed. For example, damage levels unacceptable 

in a stand thinned and _managed for wood production may not 

be of concern in, forest managed primarily for nature 

conserv,at ion, p.rp\',_.ided ,tha.t:. ~ther: obje.l!tiv,es are me·t . such 
( ', ,·• I) \: • •"' ~ ' • • 

or suitable stocking 

.. , 
. '. ;<·~.:' ·. ,·· 

4. 

No ffl~jor control problems were encountered during th~ Hakea 

burn but prescribed burning in summer or autumn involves 

inherently greater risks than corresponding operations in 

spring. The success of such operations on a routine basis 

would rely on detailed planning, and the implementation of 

extensive pre-suppression activities such as buffer 

burning , spring edging and the removal of stags around the 

perimeter of the area. 



Current fire behaviour guidelines for jarrah forest 

(Sneeuwjagt and Peet 1976) were developed primarily for 

spring burning. Fire behaviour predictions extrapolated to 

dry co ndit iohs f r om existing guidelines should be treated 

with caution and reinforced with conside r able practical 

experience. There is a major research program cur r ently 

underway to improve understanding and prediction of summer 

and aut umn fi re behaviour (Burrows pers. comm.). Accurate 

local weather forecasts are vital for predicting fire 

behaviour on the day of the burn , as well as for avioding 

weather patterns likely develop into blow-up fire 

conditions (Burrows 1984) Supp ression forces available at 

the a burn should be sufficient to immediately control any 

escapes and rapidly complete mop-up operations. 

Conclusion 

The Hakea burn demonstrated tha t a fire of low to moderate 

intensity dur ing dry conditions can provide an intial 

reduction o f B-a~andia in the understorey and stimulate 

regeneration of native l eg umes . 

The costs and risks associated with this ty pe of operation 

are grea t er than with a corresponding burn in the spring 

and there will be a small level of damage to growing stock 

which may s ubsequently reduce wood production values. 



Application of these findings will depend on the extent to 

which other studies confirm a beneficial response against 

dieback through manipulation of the . forest understorey. 
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TABLE 1. 

Weather 

Fuel 

Soil 

Summary of weather, fuel and soil conditions during 

the Hakea burn . 

CHARACTERISTIC 

1600HRS 1800HRS 2000HRS 

Temperature (DC) 27 23 18 

Relative humidity(%) 28 38 48 

Dew point (DC) 8 8 8 

Wind speed at 1.5m 1.8 1 N.A. 

in forest (km/h) 

Tower wind speed(km/h) 11 5 N.A. 

Litter fuel load (t/ha) Mean 9 

Range 4-251N=47) 

Minimum moisture content (%) 9-10 

Soil Drynes s Index 1600 approx 

Moisture content 0-5cm( (%0DWl -

Lateritic uplands Mean 4 

Range 3-7(N-48l 

Low lying areas Mean ~ 
/ 

Range 5-101N=49l 

COMMENTS 

Recorded at 

Dwellingup 

H.Q. 

Tower is 7km 

from Hakea 

Fuel loads 

calculated 

from depth 

measurements 

have similar 

mean~ range 

Dwellingu p 

complex 

Yarragil 

complex 



TABLE 2. Occurrence and percentage cover of legumes in 

20 x 20 .m plots before and after burning. 

-----------------------------------------------. -----------------
SPECIES 

A. dr ummo ndii 2 

A. exte t1sa 

A.prei ssi an a 

A. pu l c he ll a 

A. ur o ph y ll a 3 

B. o rna.ta. 

K. cocc inea 

K. p rostra.ta 

NUMBER OF PLOTS WHERE 

SPECIES RECORDED 

BE.FORE· 

BUR,N 

6 MONTHS 

A,FJ"ER . 

MEAN PERCENTAGE COVER 

WITHIN PLOTS1 

BEFORE 

BURN 

. ~-V~N f!'i~-- .. 

2 YEARS 

AFTER 

. · l3URNING, 

<·'· 

I ' ~ • 

{i' 7 2 . 8 

-18 20 4 10 

0 2 0 2 

12 30 2 5 

9 7 1 5 15 

4 6 0 4 

9 3 5 6 6 

5 30 2 2 

1 6 0 0 

1 

2 

Ca lc ulated according to Levy and Madden ( 1933) . 

8.1:.ac:.i~Ld.t::.u..mmc.o..dii L i t) d 1 • 

3 



TABLE 3 , 

DIAM . 

Fire damage to jarrah visible 2 years after burn 

for 240 trees with only litter fuel within 1.5m 

of the stem . 

PROPORTION (%1 OF TREES WITHIN 
EACH SIZE CLASS WITH : 

(cm) No Ba rk Bole Area of cambi~l damage(cm2) 

10-19 

20-29 

30-39 

40- 4 4 

dama g e crac k i ng epicor mics 0-100 100-500 500-2000 )2000 

7 31 

65 7 8 

69 1 0 6 

79 0 0 

13 

13 

12 

2 1 

4 

4 

2 

5 

4 

5 

2 

2 



TABLE 4. 

SCORCH 

CLASS 

Les.s . than 

50% of 

crown 

scorched 

50-90% 

crO\'ln 

scorched 

Complete 

crovm 

scorch 

Stem damage to jarrah subject to 3 classes of crown 

scorch, for trees with only litter fuel within 1.5m 

of the stem. 

NUMBER OF 

TREES 

30 

44 

39 

UNDAMl\GED 

86 

77 

77 

PROPORTION OF TREES C%l 

DAMAGED WITH: 

WOUNDS WOUNDS WOUNDS 

<100cm2 100-1000cm2 1000cm2 

14 

11 5 7 

13 3 7 

'•', 



1000 
F/G. t -------

:J 
MORTALITY 

500 l 
IEAN STOCKING 
'ER PLOT~ PL.ANTo/Ha 

0 

C - 4 

~ lOCKING OF B. grand is BEFORE 1-1ND 

TWO YEARS AFTER AUTUMN BURN AT 

HAKEA 

PRE BURN 

RESHOT ONLY FROM BASE OR LOWER STEM 

RESHOT FROM CROWN 

=:-T 
MORTALITY 

' 
5-9 

44·1. t. 
MORTALITY 

10 - 14 

(cm) 

54 -,. 
MORTAL/'~Y 1 - . · 1~ 65 .,_ 

MORTALITY---,_ ---~ 
15 - 19 / 20 - 24 , 

STEM DIAM CLASS 



~ I 
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