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Mullee commmuminies. especinlly the plam componemis, are often considered 1o be lire-adapted but (here = no
mifrmatn on how etecively any phytophagons easects re-estabbish then populations oler o wildine. Wy
addressed this issue by studyving the scitle fnscet genus Apiamorpha Ribsignen. in which species imilice
Comiapicious, sexually dimarpiie galls of speciesspecitic morphology on Evcrdvpties specics. Incarly 1990 we
supveyed Thespecies richness s dbundipce of Agieicagaie galls o relation o hre istory and species ol st
eocalyptin mallee vegeaion ol Bangeih Conservition Pack, South Austealia, TdE ol the Frurteen sites surveyed
luwl been bumt by waldfiee i lue 1985, whicreas the other seven simes had not been burpr for al least 45 yewrs,
Crly e twos communest of mine Agomeeplen species shovetl e o no lost-plant specificity. Lymg=unburin
sites el mat Jiner o species richiess nor i il sbundance oF Apdeseirpia palls Trom sies haen an T9RS.
althioigl G o contionest \uentorpha species ditfered in their responses 10 five history. Galls of 4
mrallecacoly Gullan were cyually abundant g1 fong=uburnt and buenl sites, wheweas sails ob A ondeedondes
{leppery were o soyerage Tour times more abundant al lomg=anbuwrod fan at burng sites; dns difference noy relale
ton dilTerentil dispersal stratemies of the Tst-mstar oy mphs, We conclode than mallee wildlives al iervals ol
iore tham 1 yeurs wauld be unbikely w impact deteimenially va the long=ierm sirvival of o diverse Apivmpia
asaeinblage provided that some Tong-temm unbumi dreds (reiigin) rémain 10 serve ds soureds Tor the caloniving

nviiplis

ey Wonrns: Poe hiswory, mallee: galls, Ewalvpms, Cocooidea, Apeomerphi,

Introduction

e as e signibicant aetor i Australin ecology
and i muach of the continent the fara is Tiresadaped
(Harlow 1981y Muny planis, mcluding  most
Lircalyprus LTHEE speies tMyitaceiie), possess fire
profected struclures tepeormic buds or ignotubers)
[ which new growlh sprouts, or have seeds thal
eermimite alter hres (Call TR Ta.b: Hodgkinson &
Gritfin  19X2: Naoble 19K2). Such regenerution
ubihbies are parbiealarly characteristic ol phints
mallee vogetwion, thal is. woodland communities
donted by mult=sienmed cucalypls, which are
themselves wlso called mallee (Noble 1982y Fou
many cucalypla, especally mallees, fire cun facilnate
secd  eerminabon (Wellinglon 198 or elimimale
phytophigous insects (Nobie 1982) and purisitic
inistetoes (Coll 198 Tat, Bucaly pts dominale most vl
Apsiralin s Forested ecosvstems amd hove comples
Felanomships wilth pative srimals, ineluding many
imsects (Greenslade & New  19491). Habia
mamagement using fire. whether consistent waih
Bistory fog o recteite purported pust Ahoriginal
land management practice) o for hazard reduction,
s eflects thal are selatvely well understood fy
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vegetshion  but the amplications Toe many other
PRpOEan organisms, cspecially imvertehmates, are
lurgely unknown (Bradstock ef al, 1995 Fremd &
Williams 1996). The few Australinn studies of the
elfeats ol fire on mvericbrates huve concentrated on
soil and Tiverdwelling organisims (e g Camphell &

Tanton 1951 Neumani & Tolharst 1991 York 1994)

or have sampled @ wider inverlebrate wssemblige
gsitiz only pitfall paps (e.o. Friend & Williins
1906). Arborcal msects probably survave fives less
well than eprgee and hypogeic species (Whelian
995y und, provided sainpling brases can be
addressed, should be good candidates for studying
the effects ol fire on nvernichrate poputations. In the
present stidy we examine the ¢ffects of fire hiswry
on endemie Aostralion scale ansects (Hemwpier
Coceowdeay that live only i the Canopy ol cucaly pis

Scile insecls of the genus Apdemarpha Ribsagemen
(Briococeihwe) Tive witlinn galls That [hey induce on
(heir  eucalypt  hosts  (Gullan 1984aby In
Apromorpha. cach adult female wesades v a0 lkoge,
often symmemcal und woody gall. usially on the
stem bt simmetimes om leaves, huds or rais ol the
host cucalypt (Galliyr 1984). These ane easily
recogriiaed as coccond pulls because there s oa snaldl
apacal orilice through which the Temiile can chminate
her waste honeydew and also mate with the male
Her offspring or tirst-istr nymphs. called crawlers
ke their exit from the materaal gall through this
same opening and then disperse o anitiate iew gulls
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o sultpble foliage, The walls of males we much
srller than those of the Temales, rarely inore than
one centmelre Tong. and are tnbotar with an-apical
orthiee amd sometimes an o windly-dirccied Thmge
al the apex. The shape of the gall of the female 1=
peculin W the Apiomorplo species thal mduees i,
repardless of the denlity ol the host eucalypl. Most
Aplesnonr i species shaw some degiee ol speciflicny
o4 restricted vange of Encalyptuy species (Gallan
P9840, Apicmarpha has 39 described  species
(Ciullan 1984a; Gullan & Tomes 1989), cach ol which
lugms chwavtenstic, sexually-dimorphic  galls
Crenerally, Apdamnrpha can be adennlied Lt species
fevel in the ficld, even by nowsspecinlists with
sl irinim,

Scale insecis are vlten claoimed 1o have lpw vagility
tlor review, sec Hanks & Denno 19931 because the
wingless udult females vanally spend thar enire
[ives on o single host plant and oviposit there, adult
males are shorl-lived and  weak-Nying. and all
dispersal is due o the movement of the erawlers,
which tisually rermain on ther natal host il condibions
aie tavourable (Greathead 19900 Nestel of af. 1995),
v Apriossten pher, our Nield observations in sclerophyll
wodlands have suggesied (had there s Tower
iversity and abundance of galls in aeas sobyected w
frequem or severe hurning. This reduetion scerms
unrelated o the suitability of post-fire cucalypts for
il development. sinee (he epiecormic Tush ol
tiliage thar follows a fire resembles the preferred
plant matenial wtilised by Apiomerphia in lng
bt arcas. 1 is more Tikely that afer o fire kills
the walls and their occupants, b takes Lme for
recnlonisation by viawlers o ovcur and Gt lires me
frequent, v potenial sources sl eolomists are disiant,
locnl  populations may  not resestiblish. This
hypothiesis rentuns speculative e the absence of
uantilication ol any differences in species tiversily
und ubomdanee between burne wid long- wihor
arcas, We anvesugaied re-colomsation atier hire by
surveying the species richness and ahundimce ol
Apromorpfior wnreliation (o both the hiee histary and
thie specics o host cocalypt in nullee vegeiution in
South Austialia,

Thow sty was undertoken mnomudlee tor several
rensons. Firstlve mollee s o bypicilly Ausiralion
vesetation that has been bn setious decline tor the
past 1500 years through kind elearance and other
Forms ol degradation (Land Conservation Council
19871 Cheal 1089 Harris 1990). Sceondly. it his
heen hypothesised that tidlee plast and  animal
communiiies are maintaingd by episodie live (Noble
TUR2, 1989y, but no research has been dope m
vestigate how elfecuavely any phytophugous insects
pe-establish their populatons i mallee alter fire,
Thively, it is casier 1o count the galls on aallee

cucalypts thun on the tller forest and woodband
spodics.

Scale insects of Apiomorpha are cood candidaes
for studying the effects ol wildlive because. unlike
more mnbile insects (Whelan e af. TU80). they are
Ao ahle 1o move Tromm ihe thear hose plams w aviid
the Flames and, although the thick wall off the galls
las been sugeested (o be an adaptation Tor Gie
prowection (Koteju 1980) the bigh intensiy of muallee
wildfires wsaially Kills the  oversiorey  [oliage
(Bradstock 1990y, Tnocontrast o the well-kpowi
buases of pithalhng trapping s other methods ol
sanpling sonbor itker fwma (see Whelan 1995). aur
survey methond Tor Apionerpha potenually assesses
the ol nwnbier ol galls on coaeh aree Furihier
advantages of the wse of Apdonorph galls 3s
thew abundanee vares Hile wilh season ol survey
sinee ihe Temales of most species prabably hyve tor
much limger than a year (LG Caok unpub.y and
gulls can remain on the rees for several yenrs jifier
the death of the occupant, thus provading a recowd ol
Lthe presence of the species wl a sife: Lastly. in order
o elucidate  cavsal  relationships  berween
iwenehrate abundanee patterns and Bine, selecied
invertehrate grotps need o be examined at o 1ine
level of txonomic resolubion than the onder o
Tamily level thal is used inomiosh studies (Frigmd &
Willizuns 1996). From this perspective. Apionnon pli
iy an adeal swdy genus hecause gulls can he
identificd readily w species level, even i the hield,

Methods

The work was  carrled  our o Danggali
Conservation Pk which wis established i 1976,
hevime Austilia’s Tish Biosphere Reserve in 1977
and 15 now pait ol the Booskmark Biosphere Reserve.
This guarter of 4 million hectare reserve is pbout 90
Kim north of Renmark in South Austrabia angd Hes in
the northern hal ol the Murray basio, adjucent (o Hhe
New South Wales border (Fig 1) 10 ineludes holly
arid and miallee lamd sysiems and allows iwcess (o
some speclacular old-growth mallee. OF particilar
signifieance o vur study 18 the documenied e
listory  of Danggali Conservation  Park  (from
Nutional  Parks  and  Wildlite  Service.  South
Abstiadiar, Fie fas not been bsed as ik
ool o the  minnlenance ol dls mallee  for
conservition: vecorded wildlires @ither have heen
mlurally-oceurring. following lighining strikes. or
the tesolt ol human aecwems. Many areas have no
cvidence ol burnimg (o a considerahle  period
perhaps For over a contury, or ut least not since cither
1007 or 1951 whenextensive wildfires burnt much ol
the region, However, ol special releyvanee 10 T
present study ix a majer lighimng-induced Fre tha
burnt o large central arca ol the veserve i Deceimbe
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1985 (Fig. (1. Swice then, (he burnt sucalypts have
regenerated Trom their mallee hgnotubers, althiugh
the dead stags of pust substantial Timbs still proteude
fromn the now-tlodrishing mallec iegrowth,

We made comparisons between the Apteneiplic
gulls associed with eucalyprs in the old-growth
mallee (long-unbumt™ sies) and in the mgllee tha
hud regencrated after the 1985 fire Churnt™ sites).
Al feldwork wis conducted in April 1996, Fourteen
sites were chosen (g, 1) seven in cach tremimen
[ype (hural versus lomg-unbuint), with the site ¢o-
ordinates as given in Table 1 AN cucalypts at the
hurnt sites had been burnt completely in the 1985 fire
and sites 6-9 were complelely surrounded by puost-
lire regenorated mallee. We only used burnt sites in
the central area ol the reserve hecause we were
cerbim thut vegetation in this arca hidd been
completely  destioyed o 1985, wheteas  the
vegetution around  Tipperary Dame and  “Muorgan
Vile™ Ruins and in the two simaller areas also burn
e TURS on he periphery of the reserve (Fig, 1)
appeared 10 huve been more patchily burnt. Five
burnt and five long=unhurnt sites had an understorey
with porcupine grass, Triodia irvitany R, Br.
(Ciramineae ), sometimes as the domimmant ground-
layer plunt. Phe athier four sites either had reasonably
e gronmd or aomixtire of shrub species.

The mallee cuculypl species al the study sites were
Facalypius i rassarn Sieber ex DC. (syn. 40 coxidt
F.Muell, & Bebe ex 1 Muell ), £ dumosa Cunn, ex
Oxley, L gracilis T Muell,, E, oleosa F. Mugll, ex
Mic, and E. socialis B Muell. ex Mig Identilication
wirs inade using Costermans (1994), excep 1hat the
name B fuerassati (syn. B costata) is retained (M.
Brovker pers. comm.). The proportions ol each
species viried according o locality but usually three
ol the Tive mallee eucalypls were present at all sies
(Table 1. We chose sites in long-unburmit or post fire
regenerating patches 1o provide 10 multi-stenimed
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mallee eucilyprs. of between 3 ad 6 moin height, per
sites These 10 trees were chosen us representative ol
the proportiens of each species inthe focal area The
height was inposed by the weed 10 inspect the total
foliage hath from the ground and from o 3 i ladder
pluced in the centre of the tree.

For cach tree we counted the number ol galls
containing live und dead Apicmorpha females, Tl
surveyed gally varied in size from 4 few iim (young
or uborted) 10 more than 4 em long, and in shape
from evlindrical and bud-like o urn-shaped or ovand.
Galls were recorded as containing dead Temales il
they were old and brown ar showed signs of attack
by predators or parusitoids, Usually, the presence off
- living coceoid was confinned by the presence of
white powdery way al the gall orifice. Only voucher
malerial and  galls of uncertain identity were
collected. so the survey  was jelatively  non
destructive. Voncher specimens of galls and slige-
motinted insects of Apiomaorpha have been deposited
i the Australion Natiemal Inscet Collection (ANICY),
CSIRO. Canberiu.

All dana smalyses pertain 1o galls containing e
plus dend female inseets, dnless otherwise staled
The galls of dead insects were included in coums
because any  successhul initiaion ol o gall was
evidence thar insect hud reached the sie and that the
tree wis g suituble host, Host speciticity within
Apiomorpha was examined by calenlating the
percentage ol the surveyed rrees of cach eucalypt
species thal supported  galls off females of cach
Aptomrpha species. 'The response of Apiomerph
Species 1o fire was evaluated using one way wnalysis
ol variance (ANOVA) 1o compare burnt and long
unburnt sites in terms of the wal numbers of palls of
females (of all species summed). ol aumbers o
@ills of the seven least common species (Le. galls of
A amellecacole Gullan and A, ovieolpides (Tepper)
exeluded), and total Apiemerpha species Tound w

EAWLY L Site Tocaditios (fromn GPY recading b with fore hiseeny Pleoeg andemt (-4 versis biecnd i 985 (] nnd the sl

of diwvas aof eqel species sempled ar vacle sine
oleos, s, =
Hherd species,

Eodi = B dunsia, Foog. = B pracilis, B i = B, incrassat, Ban = E,
L. socialis,  Nunhers ar the foo af each species caltinin aefer to the total mmiber af rrees anrvieved for
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@ich site (14 units total). Analysis was carnied out at
the sife level, not the wee level. because there were
fwo or more different tree species per site and many
trees had no or lew galls. Two species. A.
malleeacola and A, ovicoloides, were common
cnongh to examine their mdividual responses to fire
al the site level using ANOVA but the data were
translormed (1 (x+1)] 1o correct for skewness, The
responses of Ao malleeacola and A, ovicolpides 1o
fire also were eviluated using individual trees as the
aoits of analysis. In this case. binary presences and
absences were anilysed using Chr Square tests
hecause galls were not abundant or widespread
enough 1o satisty underlying statistical assumptions
at this level, Al anulyses were carried oul using
IMP™ (SAS Institute Inc.. © 1989-91),

Results

Apiomaorpha species recorded

A otal of nine species of Apiomaorplia was
recorded Trom the sites surveyed, These were: A
calveina (Teppery. Ao densispinosa Gullan, A,
karsehi Rithsaamen, A mallecacolu, A, munita
malleensis Gullan, A, ovicoloides. Ao vegilaris
(Tepper), A, strombylosa (Teppery and A, wrnalis
(Tepper). All of (hese species have been collected
previously from mallee vegetation in southern
Australia (Tepper 1893: Gullan 19844).

Hoxt-plant specificity af Apiomorphi

One species. Ao densispinosa, was recorded from
just three sites and solely on £ dumosa but only six
calls were found and none of these contained a live
coccoid. Six other of the nine species ol Apiomaorphio
showed some degree ol host-plant specificity (Fig.
2). Galls of A, calveina were found on four of the
seven surveyed trees of Eo inerassata as well as on
two other eucalypt species. Galls of A, Karschi also
occurred on three eucalypt species. whereas A,
munita nialleensis, A, regularis, A, strombylosa and
A wrnalis cach were recorded from only two
cucalypt species. However, 13 of the 14 trees that
supported galls of A wrnalis belonged o £, gracilis,
and nine of the 10 trees with galls of A strombylosa
were E. socialis, Only one species. A, ovicoloides,
was recorded on all five species ol eucalypls it wis
the commonest species, occurming on 52 of the 140
surveyed trees. The nest most Common species wis
A, mlleeacola which was found on four species ol
cucalypt und on 37 of the 140 surveyed trees.

Spectes richuess and abundance of Apiomorpha in
velation to fire history

All nine Apromorpha species were Tound at both
burnt and long-unburnt sites, Burnt and long-unburmt
sites did not differ significantly in the number of
Apiomorpha species recorded on survey  trees
(F,,=3.57. p=0.08) (Table 2). ANOVA of the totul

VAL 2. Means per site 1 SD, orwith range in parentheses, and significance of differeaces e tor five hiseory in diversiny
of Apromorpha species, number of galls of all Apwmorpha species, number of galls of A. mallecacola, mumrler v galls
of A, ovicolondes and mmber of galls of all spevies excluding A, mulleeacola and A ovicolowdes, (For A. mallecacola
amd A, ovicoloides, means. and amnges aré from the row data e Foand p velues are foan tensporiied data, as

indicated by 1),

Long-upburnt

Burnt

Fiae Vilue 1 Value

i (siles) 7

Mean number of
Apicmiorphea
species per site

3= L1

Mean number of
Apiomerpli
galls per sire

A74+03

Moean niimber of
A mulfleeacida
galls per xite

6.9 (2-12)

Muan number off
A H'.'u"t'm"ufdr.'s
ulls per site

13,3 (6-30)

Mean number of
Apianrphia

galls per site

with A, wieillecacola
and A, oo oloides
excluded

Ih.6 e 8.4

THi0-211

24 (-

12,7+ 14.1

40x14 A57 0.0

243+ 148 30906 107

04 054!

173N

0.0l

().3u
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mnbers ol galls ol females (hve and dewd) recordeld
from cach sie indicaed tiat the Tive hiswory of the
sttes did noraflect pall abundunces oF Apgoioipli
species (k| =396, p=0.07) (Table 2). Buml und
long untburnl sites did not dilfer in the pereentuge of
live (o dead Apreeorplier: 23% of galls at long-
unhurit sites and 24% ol galls w burmt sites wens
estimated 1o contain live coccads. Except fur A,
malleewenlu aod A ovicoloddes,  Ihere were
insulficient datn e sintslical analyses based on
individual species. although for the thid  most
abumcant species. Ao irmaldis. there were comparable
populations ap both bitrnt and fong-unbagnt sites,

For AL melleeacolie, ANOVA ol the trnsformaed
wbundunce [T (a1 wl cach site indivated  thig
numbers of galls did not differ berween burnt and
lmg-unburm sies (1, =0,40, p=0).54) (Table 2), Chi
SqUelie wimlyses of presence-absence dali Tor A,
mlieeacela on individual frees alsa indicnted tha
five Bistory did notaftect te Hikelihood of finding A
mallecacola galls off | =004 p=0.84), with galls
by present op 27% of all trees sampled in Tong-
vnbum! siles sud 20% ot il frees sampled al burni
Stles. 11 drees ol £ previissara. one which A,
mgllecaculy  wus never found, were exeluded, the
resulis renmained very similar (| =021, pr=i),64;
gl present o 30% ol [one unburat irees and 26%
ol burnl frees), Burnt and long-unbumt siwes differed
only shightly in the percennige of live e dead A,
wellecacela: 33% ol palls at lone-umburnt sites and
0% ol gl wl hoent Sites were estimiled 1o contain
live coccods, Among Lie bumt sites sirveved. there
wils na evidenee that galls ol A mallecacnla were
more abundant at sites close 1o (range 1- 14 with
hean G 6.7 gulls per site), compiired with distan
from (range 0-21 with mean of 8.3 gudls per sile,
lomg unburmi argas,

I contrast. for A vwcoledes. ANOVA ol the
transtorined  abundance [, (x40 at wich sue
mcheated it numbers of galls were sigpificanly
lower at burae sites (F, (,=11.37, p=0.01) (Tuble 2),
Burnt and long-unburnt sites ditfered only shightly in
the percentige of hve wodead A, ovicolordes 19% of
gulls at long-onbumt sites and 149 ol palls at burm
sites were estimaded o cominn live coccoids, Chi
Syuare awmtlyses ol presence-absence daut Tor A
e tcelerdes om individua! trees glso dicated that Gre
fstory  altected  the likelthood of Tinding A
vvecolondes galls (8 (=904, p=0.003), with palls
being present on 49% of all trees sampled in long-
unbumt sites. hut on only 234%: of buent frees. Among
the burnit sites surveyed., wualls of A, avicofoide s were

slightly more scaree at siwes TO0-200 m trom unburm
vegetation (range O-3 with mean of 2.0 galls per siiei
than at sites several ki distant from long-unburnt
arens (rumge 1-8 wilh mean of 4.5 galls per sitel.

I hoth A malteeacada and A avicelinides  were
execluded From the anulysis of wtal numbers of gulls,
ANOVA of the gall abundance at cach sie imdicated
[hat numbers vl galls of the other species combined
did not ditfer hetween burmt and Long-unburt sites
(F, , =039, p=0).54) Tuhle 2).

M r.l'f'.r.".'fl'_f fulitterisy

The origil occupants ol inany ol the Apiomerplia
galls that we recorided during our survey either had
been Killed by parasitoids. probably  wasps. o
removed by predaors, prohgbly cockatons and
parvots, Some walls had o single, large exit hole in the
wall, providing evidence of the enicrgence of w dan-
tled wasp. Comeronela Dalla Tovee (Prevomalidae )
(Tillvard 1926; Boucek 19880 Naumaon 19910, and
other galls hid many iy crmereenee holes, Twelve
alls had one side removed which s the typical
appearance nf a gall opened hy o bird. Mortahiny ol
the Latter kind was twice as commmon in the Tong-
unbioent sites ason the bur sites, but there were oo
few wally damaged i Wiy way lo determine wheiher
the ditference had staistical signilicance. Many
ather galls were bruwp and ohviously doad bin
generlly we could not determing the canse of death
A few other gulls were deformed by anguilines. il
i, ollier msects had vecupied the gall Gssue or the
cavily but had not directly Killed the Apiomarplia
Temle. The idenrity uf the imguilings was not
determined hecagse those stll oecupylng the gall
were cither dipteran oF hymenopteran Laryae amd no
rearing o adulls was attempred.

Discussiionm

In the evenl ol fire, season of harn is helieved 1o
have the greafest infloence on the plant composition
ol mallee commumties. with: frequent dutomn fires
cavsing substantinl mortality of mallee cucalypls
(Nohle 1982, 1989), Contintous canapy growth of
niillee cucalypls can acenr after a summer wildlire
and may be due o thie absence of phytopligens
msecks (Nuble 1982), Fire Irequency (the interval
hetween firesi is belicved (o ave the most importam
long=term ellect on mallee faung because most
antimals adapt aot o e isel but 1o the Horisoe and
structural eatres of the plant communites that
result from different fire regimes (Land Conservation

Fig. 2. Host-plant specilivity of Apivmopdicn plonted g e pereentage ol the surveyed trees of ¢ach encialypt species thit
supporied gills of femikes of cach Apesorpilia species: Euvalyptos species: bode = K dutiione, £ g = B sricthe, Eoe,

= I iyerossegie, Fo, =1 oleena, L, 5. = E sowtalis,
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Council 1987), For invertebrtes, which generally
eahitil seasonul achivity, inappropfiate tmnng and
parmicularly Tregquency ol lire can huve damagins
conmsvyuenees for populauons (Lund  Conservation
Codina) 1957 Friend & Williwms 19965, For al leas
somne Trroddice madlee communitios, it his heen
suggested thal the natural Tie frequency s unlikely
1w esceed more thair one lire every 15200 yeuars
heciuse ol ahe fime required [or Tuel Joads w
accbinulne (Nohle [989). At Dangguli Conservanan
Park, many of fthe padlee sives thit we spadied bad o
Trinehi undersiorey and 1t find been TO.5 years siiew
wildfire had destroyed  our burnt sites. Thus,
populitions oF Apiomarpha specics an huril sites
comled e shown to fave recovered to pre-hire levels,
the probable natural Hire Frequency oF 15-200 years or
miird wonld be unlikely w0 have any  long-ierm
deteimpental effeets on populations of Apromi pha.

1t puain Hdings of oun survey wene that the long -
unburnt sites ik not dafler 1 species tehness i in
ol wbondanwe of Ageesmesephe galls fror sifes burn|
105 yeurs ago b thae the mediam=terne elfedt of
(e tteky yory for daflerent Apaomaorpha species. i
[he Twnr species (hiat yere conmniion cooagh 1o allow
santlysis of their shumdancee in relation o fire bistory,
e WA mallevacoda) wos equally abundant in hurnl
dmed long-unburnt sies. whereas the other (A
pveculpides) was stgnificamtly less abuncdant e the
hurni sites, Imdecd,  Tor A ovtcaloides,  re-
estublishiment al bt sites was Tosw even wheie a
sottece o el colomists was just acrss o 10 m
wade rodd, e this spleics with slow o limmned pose-
firg re-estublishiment, the effect of anather fire in the
meat live 100 10 years might be victad extinclion.
expecially 10 no old-growth mallees, (hat may serve
as fire refugia ton such insects, survive e five. The
conservation oF long-unburmt areas of mullee should
be o manigement pronky. Stinilaly, Friend &
Williwms (19961 have emphasised The imporfance ol
e management i proteet fire-sensiive species and
babitars  Trome tio-treguent fires an nadlee-heath
shiruhlunds of south-western Austialiu

I condeast. A mellecacadd and the thivd most
cotie speaies, A jenalis, had re-cstablished
populabions equivident 1o those reconded 1 Jong-
pnbnent sites al siles burnl TOS yeurs previously
(although the number of reeords fir A wrnalis were
insullicient for staristcal walysis), o addition, there
werd nocobvions e effects onorc=establishiment of
e other six Aproimarpha species but nnabers of
walls obseryed. at hoth bumt and lomg-unbumt siles
for wach species, generally were low compared with
A molleracoly. Rescolomsation Hud ocedpred  at
buirnn sites thad were 10 kmoor inure thstant from the
nearest stunds of long-unburpt mallee: For vagile
spiccics. the post-fire flushe of growth anay he
heneticial t gall establishment. This suggestion is

supported by the  ohservinion  that o othe
cnvironmenis, galls of Apiomerpha appear @ e
more abundunt o youne awnd regrowth cncalyprs
than on (he lohage ol older ees (LeBaelen &
Viarwerk 1993; P10 Gullan pers. abs. Althougl
this impression may be created by sumpling hias (as
il is casier w search low foliage of saplings and smill
trees thun the canopy ol mere mature tees), ol
glusshouse rearing has shown that the firs-instar
ryvimphs will imiiate galls only un the pew flioge ol
actively growing shoats. In another study (Yen
1989), the abundance of phytophagous inseets.
eapecially sup=sucking speeies, s been showin w be
gher oy coppiee than mawe mallee. perhaps
hecause young leaves snd shoets e more nuritous
(haw old foliage aod coppice trees hive more yoing
grow(h than matwe madlees,

Some  Apreanarpdie speecies exhibit host-plant
preferenees Liw ceram cuealy(n species, Hoth A
eovitliry and AL sepambylosa oecurrad only on o
cacilypl apecies, Fosocalisaid L oleosg. which are
Closely-related” species - bolh are o The sencs
Subuthnge of Ewcalvpmns (Chippendale 1988) Galls
of A mnito mvtlleensiy were lound anly on E
s and B owengcdlis, whineh are in diflioyent seres
(Chippendale  1988), Two  very Closely el
Apiomesrpha species. A vulyvoima and AL genalis
(Cullan R4, LG Caole unpuba shiwed very
ditferent host preferences. Thiseen of the 14
surveyed  trees with mlls of A, enlis were [
wrapilin: wherens alls of A colveina were s
comimun on £ ineraasata aml never neenrred on £
wracilie. Sinee the v most common Apicntigha
species, AL sellecetcola and Ao evieolordey, also had
the browdest Rost-plant mges, differences w the
pecivrenee and abundance of These wo specics
relation 1o the Nire history of sifes cannol by
aitribured v uny vanation e the composiion of
euculypl species wnong sites, Instead, population
differenves among Apiomorpla speeies in relidum o
the fire history of siles may be best explaned by
differences in heir propensity 0 disperse, The
crawlers of some Apiomerpha species may disperse
more readily 10 new trees than thase of other species
There 1= imple evidence that Giest-imstr seale mseets
ol Othet gromps wre dispersed passively hy the wind
and, even (hough mortadity is sery high, may be
carried Tor distances of a lew 1o severul ko, and
more rarely a lew hundred kmg from the natal rees
treviewed by Pedgley 19820 Greathead 19905 Hanhks
& Denno 19935 Stne seale inseets crawlers have
hoen reported © orentate downwind and stand on
their hind  degs with anténnae and  fore  legs
outstectched  (Washhir & - Washburm 1984
Washburn & Frunkic 1985, Greathead 1990) Such
hehaviour probably ensures their dislodgement and
dispersul by wind, The erawlers ol a lew species ol
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Apionicspha Tave been observed displaying similar
hehaviour under glasshouse conditions (1., G. Cook
unpub.. Agomaorpha species may differ in thele
propensity cither o disperse actively Gome the host
plant on remain of e aatad trees In controst o (he
megonty ol Apigmarpha spedies, it iy extiemely
difienht wy estabbish infestaans of A mallecdcola,
A cerlvednn and AL wrnaliy by reloasing crawlers of o
patted cucalyprs in g plasshouse (L, G, Cook
unpuh, g this sugoests (hat ot least some crawlers of
e laler Species may exhibit obligatory dispersal
hehuviour and. i the glasshouse. may suieide hy
actively departing froms the only suitible hiost plunl.
inder natiral comditions, however, natl  lrees
probably  swould he surrounded by idher suitable
hosts, especially in mallee vegetauon.

Dispersal ability may rekbite 10 morphological
aduptations s well as behavioural ones, The
Hantened bodies and two or more long. filamentous
citnedal setae of scale inscet crawlers are helieved 1o
cnhanee ther dispersal potential (Wainhouse (950;
Pedizley 19825 Thus ditfercices wi body size aml
shape may partly account for differential dispersal
among species. The crawlers ol Apiomrirplig have
tattened, ovil o subcirculin bodies Tringed with a
contnuous row ol margil setue (Gullap 19844, 1
addition, the surface area of cacl marginal seta is
extended by w thin sheet o waxy seeretion
(anulogous in general uppearanee o the vane irom
fhe shalt of a feather) The frst-itstn nymphs of' A,
ifteafoidey are about the same length as, but

narrower C195-225 gl widest part) than, those of

A malleeqcoly (265-280 pm wide). although the
margimal setae are upproximately cqual in length
(34-44 gy on both species (1 G Cook unpub,g, 1

dispersal ubility in Apiomorphe is correlaed withi the
surfiice dreit of the body ol the crawlers. the
differences in abundances ol A imalleeacola and A,
evicoloides in burt and long-unburar sites iy be
actributed ot least in part so ditterences in the size aid
supe of their crawlers,

Sclecton for both active dispersal behayiour ail
body morphology thal favours passive deilt may
peeur in saale  msect  species  than occupy
unpredictabile: or wemporary habitats, s has bevi
sugpested for armoured scale msedts thal feed on
short-lived versus long-Tived host plinis (Greathead
TO90 11 this hypothesis s valid Tue Ao,
fhen some species. such as A, mllceacala. can he
postulated W he heter adapted 1o the vaganes of fije
i the mallee cavirommment,
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