
ecuapsNval

602

'uorrtrury Jary
,t Burduep ajruslotrr rd uoDlurl pul4{ rt luelsuoJ = SO)I

:Jo ruJoj II1 Sr)Pr Iapour pEaldsJo arej 3qJ
'Paads

pul\\ ef,e]Jns put alnleJadruel tlprunq a neJaJ(.38
puEIJOOuI erp uro{ apEur !q uef, suolllpald lnol^eqaq

arg {la^nturellv 'Paads pur,4\ altJJns puE eJnlstotlj

I"rS peap (aAE pupljooru s?lqtlJt^ 3!p Sulsn 'slq€ltq

arqEl' pue p"ardsJo eleJ aJgPEeq PuEIJooITJ ssElSuollnq
trlpord ot pernpoJd uaaq eAEq slapolu lEJuldrua

'(lofle]rJrra^

Iapour JoJ pasn sJrg u?^as raIIlJnJ E pue lusrudol?AeP

Iepou JnohEqoq e.rg roJ p.J[sP?ur ala^\ (ssllJp]l4 .

PUe SUJnq qljEasaj qloq SuPnPuI (seJIJ aulu-dljod
'luaseJd tE alqElle^e

sr Fporu ornlsrolu Iary,tJeurlurJaJd t -(luo patrnpoJd
uaaq altrl qepou uotfrpald a8€tuslJed 1an1-peep
auo puE peol Iary o,trl euole e8e 8u$n pellepoul

sr pue 'sar8o1oa8 rurDJJrp uaa,'|\]aq dlr^ tou Ptp
a3e ue,r€ e te 1ary peap3o e?eruer;ad aql sp?ol IarU
prpe:d ot pasn a.re l€o1oa8 put a8t '.ralol uontlaSe^

Suunseaur qtt,tt suralqo:d ot enq :eaor uoqela8a,t
pue e8e uonrte8aa 'd8o1oo8 salqeuel eql ut .to.1

PatunoJf,E aq uef spEol IanJJo pe^lasqo uollEllE^ stfl

Jo lsow Jery e^IT ot peep.lo sr8etuar,rad pue speol 1an3
'sruatuor trag q8rq Iary 

'arntsloul 
I3ry 

'sJnsuallejeql

pry laur.qroll snoue.r :eta,u. paldures sJrlsualreJeq:)

Iery 3qI ETUELUSEJ Urelsa^\ Pue ujalsa,\\-rFnos uI
setrs;o a8ue: apr'n e roj paldrues uaaq o^eq spuelJooru

ssu8uottnq urluElllsuJ uI slrlslJf,lJeltql IanC
':dlr 

larg srql ur ruaua8eueur
e.rg ol qreorddt a,tnralqo ue alqeua o] s.talaue:td

arg rrseq aqr ,fuucnb o1 pelduale stq lre(ord q:reasat
spuel.roo11 ssu8uottng uEIu€uJseI uI lnoheqsg

arral pu€ s]rlsr:allEreqC IanJ oqJ stueurn8is
puE sualqord rpltr tq8neg uaaq seq surnq uonrnper

Iarg pue saJrJplr,\\ rpoqJo tuauageuetr{ uortele8el
J^nrsuJs Jl! Suntnqe pur suteld Lralo:qun.:,rrsu:]x:
ur Suurn::o 'spos lead 3ur,{t1.r:,ro 'alqeurutg d1q8tq
Sureq 3o srDsuetrereql tuaura8eueru alg Suusaralut

srll eAEq spueFoou asaql BluEurstJ uF$et\
rllnos puE uJatsa,^\Jo slleI] lstl sJldotr leql lllunluluoJ

a8pas uado ,no1 e are spuelJoout sse;Suorng

lcDrlsqv

'r 001 ,.qoH vtn xos o.ID 'rtrhr.s irnpr,^\ pu' srr. ':i:ilIi '

LNVI,JC0U I aNV IA]ICINS-NICSUVIA I

sprrelrooru ssBsuoDnq ur
rnol^Bqeq oJrJ pue Sumeporu leng

3u$n pltersuoruap osp sI Iapou eqrJo &Ilqerqdde
aqJ lln{ ?qlJo erol Fr.lusl rql ultpl{\ sI pras III

papr,r.o:d .rone3 prtr:l r tou sI tln{ alp uI uoltef,oJ Paas

tmF u,{\oqs sr lI alpJ pelsJo suoqllpa.rd alqeuosee.r
sa^€ I?pou aql 'lE^L\lns paasJo seurll P3leulnso

.ro; spunoq raddn aqt sa,tt3 leporu eqt ot lndut
aql uI tsarrP IEIIIJSIIIJO UOIsnlluI tqJ alnlElalll oql

ur peuodar se sarg plag put Suneaq d:otEroqel qloq
ot pasodxa urn.g ur pf,rs3o Ie^l,rJns ?rp t:rpa:d o1 pasn

sr Iepolu eql slndur arnte:edrual tu3Puedap-aun qlr,tr
suournba ,,rrog teaq Sursn palrnlsuor st sttn:3 dpoo,t

ur spaasJo IE^I^rns etF JoJ llpotu v Flquf, sI eJg
6uunp plu.rns paes'aJoJaJJqI uonuauoSar a:9-tsod

;raqr ro3 srrn.r3 ,(poo,,n ut pees arp uo ,{1e; slurld dueyq

13orlsqv

r.ez Jlv'Err.qmo '!00eI xos odo ̂Irsnpur rulrdr"..'"^'J'"Iii:5 ,

rrllrmv'JM09Z <uDqw) 'ILUIPETV lrod iruiJ.C ltrltrslY
',\{SNJo &$ri run '.i.ttol.{rtsl:)^ull lurorrtdrc rjntlltqrll{ r

,tll€IM O U aNV zll19 
'tVV ',illCdl/! 

N e

sflnJJ uo ltrEdurl
eruJo Iepou luepuedep-oup v

'suolPruls eslnol lsolu ul lno
dJrel ol'rlqlssodull louJI't1nru;rp uago 3Je qllq,,r,i s?lg

rsat aprs-p1ag Surrrnpuol ot a^REutetle alqeldale ue st
,{SoloporpauI tuesa.rd aqr 'sasod;nd SuruIErl lnol^eq.q
f,JS rOC SasJnoJ ?qlJo lualulla eJqenF UME saslljf,x?

eJU lsal eqt punoJ stuedtcnred es;no3 ado1s.61

te uorlru8r ol;nos auq pue 'ado1s 
"6 le uorllu8l eltnos

-aug 'ado1s 
.6 le uorlruBr al:nos-tutod :ilsnoeuelpruts

uaIEl.lf,pun aJa,& sslg lsel allqJ rfluoru P $Ea]
tr JoJ Je^or repun perots pue suonetueld eurd eletpt.l

dqreeu q:tauaq ruog rtL1t u1 ss"l Jo etoru palJallo)

IeIJ.lEu roo0ls.JojJo palslsuoJ pesn sPsq l3ry
aqa (srusr.rare:eqr Jnol^eqeq arg urcl.tel3o Suluelu

'rnor.req?q oJIJ p.gpuenb or uonele: ur dqde:8odor
puE reqtee.^\ 'slonJ 

Jo uoDeluarumop 'ssaudaels

odols3o aruangur 'uontugl .url snslel lurod uot3

tuaurdolarap a:g '3 a) utoorssep erp ur pequcsap Suraq
slda:uor pue seldr:uud egl;o aruos a:uoJuI.J dPq ol

(* t Z * Z t) serg rsar rooptno [eus Sutsn3o eepr agt
qrr,,n perueurradxa ar11 96 7661 Suunp purFaz ,/{3N

ul plaq ?rJ,{\ s.sJnoJ rnohtl{aq t.rIJ paluedpe a.lqJ

lcD4sqv

'Ep!ut3 '<ESg 
HgI 

'{trl.qIV'uoruo$Pg !tt!S

ZZI 0Z€S'.lru!il lrsJlo,r onquoNUoIiQI rs.^\qrloN 'lpEuxC ,{Irs.roJ u

puetElz a.N '!lnrorox '{0209 3![.r!^ud'dnor3 ru:urSeuttal uoqErlrld
'!oBr^rc ,€otouqriJ rs.rod t.rnrFsot qrrFs,n rsiioC P!€lt.ZA.N r

'saddr 
1ery tue'te;gm ur Suru.rnq serg ptu:ruuadxe

-og stq8ttg o,tt r" sr^rnr arlle;?dlxf,l-arun zUICNVXIIV l n aNV llCUVld I H

8.q.q""r rnol^Eqeq
aJg JoJ esrf,Jexe errJ lsal eldufis Y

e6, sorll adocspuol 'e"uqaJUoC dljqsng uollo\snv uD lo sAupaaJo./d 's+co.4sqv lo+sod



CALMScience Supplement4: 207 2l 6 (l 995)

The flame height model takes the form of:
FH = constant x (heat content r fuel consumption x
rate offire spread) r*""

The models should provide good predictions for
relative humidities between 30 and 100 per cent,
temperatures between 8' and 25'C, and surface wind
speeds below l5 kmph (i.e. low to moderate intensity
fires). S/hen wind speeds are between 15 and 35 kmph
rhe models should provide adequate predictions.

Nitrogen budgets in regrowth karri
following thinning and fuel
reduction burning

A. M, O'CONNELLTAND W L. McCAW'?

I CSIRO Division ofroresEy, Florear Park 6014, Wcstcrn Australja.

'z Scicncc and Informarion DivisioD, Deparment of Conscrvation and l-and
Managcment, Manjimup 6258, Wesrern Austrilia.

Absfroct

The Department of Conservation and Land
Management is undertaking an experimental program
to investigate the feasibility and impacts ofburning
slash fuels created by thinning operations in young
regrowth stands of karri (Eacnlytas d.ittersicolor).
Potential constraints on prescribed burning of thinning
slash include damage to retained crop trees and losses
of nutrients, particularly nitrogen, from the ecosystem.
The amounts ofnitrogen volatilized during fuel
reduction burning ofthinned karri forest are significant
and for the most intense ofeight experimental frres
corresponded approximately to the amounts of
nitrogen in growing vegetation (about I80 kg ha t).

Compared wid.r the total nitrogen in the ecosystem
(vegetation + litter + soil) these amounts are small so
that a single fire event is not likely to have a large
impact on total nitrogen stores. However, inputs and
outputs ofnitrogen as a result of regular burning will
affect the balance ofnitrogen in t}re long term.
Minimizing volatile losses of nitrogen will help to
maintain this balance. This is best achieved by burning
under conditions when dre lower part ofthe fuel profile
is moist (litter profile moisture content > 80 per cent),
resulting in reduced combustion ofthe litter layer - dre
main compartment of niuogen storage in fuel. Such
conditions are also l ikely to minimize damage ro
retained crop trees.

2 r 0

A climatology of Very lIigh and
Extrewe fire weather days in
southef n Western Australia

A, J, BANNISTER' AND B, N, HANSTRUMI

' West€rn Australian Severe Wearher Secrion, Bureau ofMeteorology, Perrh,

Abstlocl

Days ofEXTREME and VERY HIGH fire danger for
tie 22 seasons 1970 7I ro l99l-92 (November to
April inclusive) were identified using three-hourly data
from t}te Bureau of Meteorology stations in southern
parts ofdre State. Calculations oftie fire danger
index (FDI) were made using the McArthur Mark fV
grassland fire danger meter a:suming average fuel
amounts and 100 per cent fuel curing.

The average number ofEXTREME (FDI > 49) days
per season graded fiom about one in the south-west
corner ofthe State to more than 15 in the Eucla and
around Geraldton, with appreciable year-to-year
variability. In south-east parts ofthe State most
EXTREME days occurred during the first halfofthe
season whereas in the Geraldton area the majority of
these occurred during lanuary and February. Active
fire seasons in tie Geraldton region tended to
correspond to less active seasons at Esperance and vice-
versa. An analysis of VERY HIGH and EXTREME
fire danger days (FDI > 26) during the period revealed
a similar distribution but values ranged from an average
number of I0 days per season in the south-west corner
to about 50 days at bodr Forrest and Geraldton. The
monthly distribution ofthese events is also similar.

A study ofweather patterns that led to the
EXTREME fire weatier conditions revealed that dre
pre frontal trough was the major influence in soutl.r
coastal areas whereas the combination ofa strong high
to tlre south ofthe Stare and r trough over the
Gascoyne was dominant for west coastal areas. Strong
afternoon sea breezes due to a deepening trough inland
and a high to the west ofthe State also generated
EXTREME conditions along the Geraldton coasdine.

Fire in the human ecosystem - a
question map

D, WARD

I Science and Infbrmatjon Division, Department ofConservation andlind

Management, ?O Box 104, Como 6152,Wcstcrn Austnlia.

Abskocl

The human ecosystem consists ofhuman beings and
their interactions with tieir environment. The human
environment is a seamless garment, but fbr conceptual
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appeared to 'slow down' on sheltcrcd compared with
exposed aspects over d-re cooler months. Most trees
had sprouted within a year of the fire; three individuals
were recorded sprouting after October 1992 (20
months post fire). Larger individuals sprouted norc
rapidly - approximately 90 per cent ofindividuals >20.1
cm d.b.h had sprouted by the end ofAugust I99l
compared with less than 50 per cent ofindividuals
<20.1 cm d.b.h. The percentage ofindividuals
sprouting only from thc base ofthe tree increased over
time. Most of the latcr sprouters were smaller trees
with complete cambial death on the stem. Patterrrs of
resprouting were related to, at least, soil moisture
availability, air temperature and tree species, sizc and
vlgour.

Pre-Buropean fire history of North
American tallgrass prairie

T, B, BRAGGI

r Univcrsity of Ncbnska ar Omaha,Ncbraskx, USA

Abstroct
Fire was an important component ofthe historical
maintenance of the North American Tallgrass Prairie.
Three aspects ofdre natural (pre-European) fire
conditions havc rccendy been studied. First, fires lvere
estimated to have occurred an avcrage ofevery
4.8 + 0.56 years based on frre-scarred trees growing
along the margin ofextant native prairies. Second,
while not optimal for present objectives such as
domestic livestock, frres occurring during the growing
serson may have been important in maintaining the
natural diversity ofthe ecosystem. The herbs, falsc
sunflower (Heliopsis heliantholdas) and white aster
(Aster ericoidu), for example, increase with summer
and fall burning; big bluestem (Andropogon gerard.ii),
the dominant grass ofthe tallgrass prairie, responds best
to spring burning. Fires routinely applied during tire
same 6eason ultimately nay rcduce ecosystem diversity.
Thirdly, simulated grazing designed to approximate the
effect oflarge grazers such as l>ison (Bison bison) on fuel
distriburion, resulted in .r significantly grertcr f ire
temperature heterogeneity (P<0.001) than occurred
without grazcrs. Fire in the pre-European tallgrass
prairie thus appears to have been a conplex factor
involving frequer-rt and seasonally-variable occurrences
and heterogcneous frre-temperaturcs across a grazed
landscape.

212

Fire frequency and floristic
variation in dry sclerophyll
communlues

G. J, CARY]

' Depaftnrenr ofApplied Biolosi', University ofTechnology, PO Box 123,
Broadway 2007, NSw (Cur.ent ddress: Ecosystem DyDamics Group,
Rcsclrch School of Biological Scicnccs, The Austrilian Nrrional

Univcrsity, Crnbctrr 0200, ACT).

Abshoct

Fire frequency, a function ofthe nunber offires
exper ienced by  a  communi ry  rv i th in  o  g ivcn  t i rne
period, may be resolved into tie components oftinre
since the most recent fire and the lengths ofintervals
between fires. fhe dynamics ofdry sclerophyll
rvoodhnds in the Sydney region u'ere examined in
relation to fire frequency in thc reccnt (< 30 yeors) fire
history. Direct gradicnt analysis oftloristic data
indicates that:

(i) Fire frequency acco[nts for around 60 pcr cent of
the floristic variltion among tie samples-

(ii)The effect of time since fire ond the length of
interr.-rls berween fires on floristic composirion wct
equal in magnitude but unrelated in the nature of
the variation associatcd rvitl-t tl-tcrrr.

Increasing tine since fire is associated with a decline
in dre evenness offirc tolcrant species rvhilc inter-firc
intervals ofdecrcasing ler-rgtl-r arc associatcd with the
decrease in evenness offire sensitive specics. Increasing
variability ofd.re lcngth oftl.re intcr firc intervals is
associated with an increase in the richness offire
tolcrant and fire sensitive species, implying that it nray
bc variation ofinter fire intervals that is responsible for
meinra in i r rg  lhe  l resence o Ia  rv ide  r . rnge o fp len t
species in a particular conmunity.

Modelling the impact of fire on the
population dynamics of the
Splendid Fairy Wren

M, G,  BROOKERI

' CSIRO Dirision ofwildlifc rnd Ecology, LMB 4, PO Midhnd 6056,

Abskoct

During a 20-year study ofa population ofSplendid
Fairy wrens near Perth, nine wildfires hove impinged on
the area. Although the fires did not directly affect t}re
survival ofwrens, they had a mrjor effect on
reproductive success in the following years. On
averoge, l9 per cent of fcnalc years experienced fire in
the 12 mor-rths prior to ncsting and 33 per ceDt of
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Survival of trapdoor spiders during
and after fire

BARBARA YORK MAINI

I Zoology Departmcnt, Udivcrsity ofwestern Australia, Ncdlands 6009,

Abslloct

The response to fire by two myglamorph 'trapdoor'

spiders wid.r very different life histories was studied.
The study site was in sandplain heath/shrubland in
Durokoppin Nature Reserve in the central Wheatbelt of
Western Australia. The fire, in March 1989, was part
ofseveral experimental fires undertaken by CSIRO and
CALM to study the effects of6re on the biota as part
of a program to assess the role offire in management of
small reserves.

The two trapdoor species studied were ,4zldlops
llosas (Rainbow) and an unnamed Cethegw species.

Cetbegat spiders arc web weavers which catch prey
in a flocculent, curtain-like web over a shallow retreat
burrow (Main 1960, 1964; Raven 1984). Webs are
sited against the base of small shrubs,logs or fallen
branches, The species studied here matures rapidly (in
about a year) but females continue to live for at least
several years. Spiders may move nest sites a short
distance ifwebs are damaged by heary rain. Juveniles
disperse aerially (Main 199I, and personal observation).

It contast, Anid,iops tillosus dtgs a deep (70 cm),
permanent burrow closed by a uapdoor and with a
radiating fan oftwiglines attached to the burrow rim
(Main 1978). These twiglines are used for foraging.
Nests are sited in litter under the the shade ofshrubs
and low trees. Spiders have a long developmental
period (at least eight years for males and longer for
females). Females reproduce iteroparously and may
live for upwards of25 years (Main 1987, and
unpublished data). Spiders are dependent on botl.t
shade and permanent litter. Juvenile dispersion is
ambulatory and restricted to a short distance, often to
the litter mat of the maternal shade tree.

Webs and burrows were marked individually with
numbered steel tags on wire pegs along two transects
(625 m and 100 m long) in dre site to be burnt and
along a parallel uansect (625 m) in an adjacent control
(non-burn) site. Nests along all transects were marked
progressively when found on census dates between
5 September 1987 and 17 December 1988. Nests
viable at the last day ofcensus marking wete censused
again on 18 March 1989 one week after the fire.

Resporse of Ce*egas

All active nests at the last pre-burn census (17 and I)
along the burnt transects (625 m and 100 m
respectively) were destroyed and the spiders presumed
killed by the frre. Of the the I1 active nests at last pre-
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fire census in t}te unburnt control I0 were still active on
the post-burn census date. By June and July 1989 and
2 February 1990 (eleven months post-fire), none ofthe
burn site nests had recovered nor were there any webs
rebuilt nearby. In the control non-burnt site, of the 11
nests active on tie pre-burn census date, 10 were still
active at the post-fire census date. During the autumn
following the fire (1990), aerially dispersed spiderlings
from adjacent unburnt bush recolonized the
regenerating bush on the burnt site.

Responsc of -4zldioPs tillos*s

Most adult nests (11 of 14 on the long transect, 5 (all
nests) on the short transect) survived the fire; 17 of24
along tie unburnt transect persisted (ofthese one had
been preyed upon). On the burnt site four (ofl l) and
one (of 5) became defunct witiin three months
following the fire. Several ofthese nests were
vigorously attacked by birds, i.e. by pecking offrebuilt
doors and twiglines thereby disrupting dre spiders'
foraging capabilities. There was no recruitment of
jur eniles in t}te burnr sire during the autumn winter
fn l lnw ino  the  h l rn

Conclusions

From survival and recruitment data of Catbegas and
Anid)ops following an induced burn it seems that
Cethegus akhough destroyed outright by frre is able to
recolonize a regenerating post-burn site provided there
is adjacent unburnt habitat with a reservoir population.

Conversely, altlrough adtir sprders of Anidiops
survive fire, spiders are disadvantaged in a post-burn
habitat due to inadequate shade, litter and possibly
reduced prey and exposure to predation - all factors
which lead to a progressive mortality following fire.
Main (1978) suggested that the behaviour and deep
burrows ofthe spiders (adaptations to aridity and
drought) 'fits them to survive through a bushfire' and
also that fire would probably not be deleterious to a
population. However, although the observations
reported here show that adult spiders can survive a fire,
the post fire mortality combined with lack ofjuvenile
recruitment means that in a population sense Anid,iopt
is indeed r'rrlnerable to fire.

These contrasting responses by two mygalomorph
spiders demonstate that a knowledge of invertebrate
species' life history particularities is desirable in order to
adequately manage small reserves for maintenance of
tieir species diversity.
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