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Frontispiece
The leaves, flower buds, flowers, fruit and seeds ofjarrah (from von Mueller 1879)
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Occurrence of two lnportant lndicator species of
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fron road traverses throughout the region shown
d u r i n g  1 9 7 9 - 1 9 8 1 .

Occurrence of hlgh quali.ty j arrah forest,
defined as forest with original nean mature height
> 27 m. A dot  lnd lcates the presence of  h lgh
qual l ty  forest  on each 1:50 000 A.p. I .  tvpe
sheet .
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B,  f l re  scar i  C,  hol low but t .
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forest ,  Chalk  b lock.

Bark th lckness of  jar rah ln  re lat lon to d.o.b.
in one stand unburnt for 43 years (r) and in
another burnt periodically over the last 30
years ( l )  (S i te-vegetat ion type S) .

Bark th lckness of  jar rah in  re lat lon to d.o.b.
in one stand unburnt for 48 years (;) and in
another burnt perlodlcally over the last 20
years ( l )  (  S i te-vegetat  ion type T) .

Bark th lckness of  jar rah ln  re lat lon to d.o.b,
in one stand unburnt for 25 years
(  S l te-vegetat ion type Z) .

Bark th ickness of  Jarrah in  re lat lon to d.o.b.
in one stand unburnt for 25 vears
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Crown st ructure of  jar rah.  l -3  sapl lng (cLasses
1,  2 and 3 of  Stoate and Wal lace 193g) ,  4  pole,
5 ptle, 5 epicozmlc crown of sapllngs after
wl ld f l re .
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SUMMARY

We present a synthesis of current knowledge, from both published and
unpublished sources, about the ecology of jarrah in the northern jarrah forest
of Western Australia. Although the literature on jarrah is surprislngly
sparse given the speclesr econouic and eeologlcal inportance, we have had
access to much j-nformation previously unpublished.

Growth, reproductlon, and the descrlption, establlshment and developmenu
of stands are enphasized. Although jarrah ls reputedly a very slow growing
species, lt has the potential for dl-arneter growth of 1-2 cu yr-] given
appropriate silvicultural treatment (thinnlng and fertll izing),

Provided that forest is not cleared and is glven hygiene protection and
genet ic  se lect ion for  res is tance to root- rot  fungus, . jar rah is  v i r tua l ly
indestruct lb le .  Jarrahrs l ignotuber ,  very deep root  systen,  th ick f lbrous
bark protecting the dornant leaf buds, and its response to flre, fungi and
insects allows an optimistic view for future forest management.

RESUMO
Ni prezentas sintezon de lis nuna scio, e1 publtkigttaj kal ne-eldonltaj

fonto j ,  pr i  la  ekologlo de 1a jero en la  norda jero arbaro de Okcldenta
Airstrallo. Kvankan trovlgas neabunda literaturo pri la Jeto (tre ntrege,
nalgraE lia ekononia kaj ekologia graveco) tamen estas havebla a1 ni multe aa
inforrno gls nuna nepubllkigita.

Substrekendaj estas la stadloj prl la reproduktado, la kreskado kai la
speclo kaj 1a dlsvolvado de la arbaretoj. Malgrai gia reputaclo klel sfecio,
klu tre malrapida kreskas, la Jero entenas la potenclalon anka[ de plii[o ge
dianetro po 1-2 cn je, per helpo de la tatga stlvikultura prLzorgo inalamaslgo
kaj  s terk lgo) .

Kondle.e ke onl ne forlgas 1a arbaron, sed faras hlglenan prlzorgon kaj
genetikan selekton prl rezlsto kontra[ radikputra fungo, la Jero estas
efektive nedetruebla. La llgnotubero de la jero, Siaj profundaj radlkoj kaj
densa flbra 3elo, Slrnanta la latentajn folibur$onojn, kaj 1a respondo le 1a
jero al faJro, fungo kaj lnsektoj, permesas optLxoisman opinlon a1 la futura
adminlstrado de la arbaro.



RESUME
Nous prdsentons une synthase du savoir actuel des sources publldes et non

publ l6es,  de l rdcologie du jar rah dans 1a for t t  dr  Austra l ie  Occldenta le.
Bien que la litterature du jarrah est dtonnantement insufflsante en attentlon
de lr lmportanee dconomlque et 6cologlque de lrespbce, nous avons en aceEs i
beaucoup des informatlon ne pr6ablenent publides.

Nous avons sou11gn6 1a cro issance,  la  reproduct ion,  et  la  descr lp t ion,
ltdtablissenent et le developpement des peuplements, Ma1gr6 avolr la
reputat ion dr t t re  de cro issance lente,  le  Jarrah a aussl  le  potent ie l ,  en recu
des t ra i tnents corrects  (des dc la i rc ies et  drengra ls) ,  pour  une cro lssance 

"

drun ou de deux centlmatre Dar an.

Blen que la  foret  n 'a  pas 6t6 coupd !  b lanc,  et  protdgd hygi6niquemenc,
et qurune sdlection g6ndtique pour une r6slstance aux champignons attaquent
les raclnes est condulte, le jarrah est pratlquement indestructlble. l-e
l lgnotuber ,  1e systame t ras profond des rac ines,  l r6corce grosse et  f ibreuse
prot6geant les bourgeons dornants, et la r6ponse du jarrah au feu, aux
champlgnons, et aux insectes, permBttent au perspectlve optinistlque pour
1r  adminis t rat ion de la  foret  dans l raveni r .

ZUSSAMMENFASSUNG
Wlr forstellen dle Synthesls von heutigen kentnlss, sowohl von

herausgegebenen Quellen und auch dle jenlgen die blsher noch nlcht
herausgegeben sind, tber dle Oekologle von Jarrah (nucaTgptus marginata) ln
dem Norden Jarrah Waldes Ln Westaustralien. Obgleich die l-lteratur uber
Jarrah lst uberraschend dllnn wenn man dle economische und oekologlsche
Wichtlekeit von diesen Baumart betrachtet, wlr kUnnten vlele Erkundlgugen
benutzen, dle bisher nlcht herausgegeben slnd,

Wlr betonen nachdrukllch das I,Jachstun und dle Wiedererzeugung der
Baumart, und dle Beschrelbung, dle Elnrichtung and dle Entr^ricklung der
Waldbestande. Obgletch Jarrah ist am meisten wle eine besonders langsam
wtlchsende Baumart angeseht, sie hat dle Muglichket fur 1-2 cn jahrlichen
Durchnesserzuwachs solange sle dle richtige Wlrtschaft (Durchforstung und
Dllngung) erhaltet.

Solange der Wald nicht abgeholzt ist, und vor d,er phgtophthora W{irzfaule
beschutzt lst, Jarrah lst fast unk'ttstllch. Dlese Baumart hat speclale
Eigenschaften, so wie Llgnotuber, dichte Borke welche dle schlafende Auge
Beschutzt und besonders tlefe BewurzeLung. Diese Eigenschaften, und selne
Kapazitgt fur Beschutz wegen Feuer, Pllzen und Insekten, glbt uns elne
optinistlsche Asslcht fflr die Zukunft der Waldwirtschaft.

- x t  L  l -



RIASSUNTO
Viene presenta ta  una s in tes i  de l le  a t tua l i  conoscenze,  p roven ien t i  da

fonti sia pubbllcate sia lnedite, riguardanti lrecologia d,ellt EucaTgptus
marg ina ta  (Jar rah)  ne l la  fo res ta  ad  euca l lp to  de l la  Western  Aus t ra l la .
Considerano 1r irnportanza econornica ed ecologica della specie, 1a letteratura a
sorprendenteme scarsa, na noi abblano avuto I 'accesso a nolte informazloni
Drecedentement i  ined i te .

Part ico lare enfas l  v lene data s ia a l la  cresc i ta  e a l la  r lproduzione del la
p ianta,  s ia  a1la descr iz lone,  a l l '  f inp ianto e a l lo  sv l luppo del le  parcel le .
Lt EucaTgptus narginata, sebbene venga conslderata una specie a cresclta lenta,
ha un potenzia le d i  cresc i ta  d iametra le d i  l -2  cn a l1ranno,  una vol ta  che
slano eseguiti gll approprlati trattamentl sllvicolturali (diradanento e
ferttlizzaziote) .

Se la foresta non viene troppo rarefatta, se si prowvede ad una adeguata
di fesa f i tosanl tar ia  e s i  a t tua una seLezlone genet ica per  la  res is terrza a l
marcluni radlcali, 1'eucalipto rlsulta praticamente indistruttlb ile. Grazle
alle sue caratt erl-stiche (presenza di lignotuberl, slstena radicale molto
profondo,  spessa cor tecc ia f lbrosa che protegge le  germe fogl iar i ,  res ls tenza
al fuoco, ai funghi e agll insetti), Lt tucalgpxus marginata pennette
ottimistiche previsioni di un suo utlLlzzo ne11a progrannazlone forestale.

RESUMO
Apresentanos una sfntese do conhecimento actual, tanto de fontes

publicadas como nes publlcadas, da ecologla de jarrah (EucaTgptus marginata)
na f loresta do Norte na AustrSl la  Ocidenta l .  Embora a. l i teratura en jar rah
seja surpreendentemente escassa dada a l-mporttncia econ6nica e ecol6gica da
esp6cie, tiv6mos acesso a uma tanta informagao n6o publicada prdvlamente.

Enfase 6 dada ao cresc lnento,  reprodugSo,  e descr lc6.o,  estabelec imento e
desenvolvimento de povoanentos. Enbora se-atribua h Jairah a reputacio de eer
de crescinento muLto lento, esta teu tamb5m o potenclal Dara crescinento em
di tnetro de l -2  cn ano-1 dados os t ratanentos s i lv fco las-  adequados (desbastes
e  f e r t i l l z a c o e s ) .

Desde que a f loresta nao seja cor tada e protecgao h lg i6enica e se lecgao
gen6tica para resistencla ao fungo da podridSo d,e raiz sejam conduzidas,
j arrah torna-se practicanente lndestrutivel. O lignotuber de jarrah, o
profundo sistema radl-cular e a casca grossa e fibrosa protegendo os gomos
foliares dormentes e a sua resposta ao fogo, fungos e insectos, permitem una
perspect lva opt imist lca para a fu tura getao da f loresta.
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RESUMEN
Presentamos una sfntesis de1 conocirniento actual, tanto de fuentes

publicadas como no publlcadas, de la ecologia de jarrah del bosque del norte
en Australia Occldental. Si bien que la literatura en jarrah sea
sorprendentenente escasa dada 1a lnportancia econornica y ecologlca de la
especie, tuvinos acceso a nucha l-nfornacidn no publlcada prevlanente.

Se acentua el creciml-ento, reproduci6n, y descrlpcl6n, estableclmlento y
desarollo de rodales. Sl blen que Jarrah haya una reputacl6n de ser de
creclnlento muy lento, esta tlene tanrbi6n el potenclal para crecimiento en
dlSnetro de 1-2 cm aio dados los tratanientos sllvlcolas aproprlados (raleos y
fer t i1 lzac l6n) .

Con tal que el bosque no sea cortado y que proteccl6n higl6ntca y
sel"ecci6n geneti.ca para la reslstencla contra e1 hongo de pudricl6n de raiz
sean dados, jarrah es pratlcanente lndestructlvel. El lignotuber de jarrah,
el profundo slstema radicular, y 1a casca gruesa y fibrosa protegiendo los
bot6nes follosos durnientes y su respuesta ) el fuego, hongos y lnsectoa
perniten una perspectiva optlmista para J-a futura dlreccl6n del bosque.



The purpose of thls Bul-Ietln ls to
collate and sumnarize what is known
about the life history, ecology and
silviculture of jarrah (zucaTgpxus
marginata) ln the northern j arrah
forest of W.A. Glven its conmercial
importance, the published literature on
the ecology of jarrah ls disappolnt-
ingly thin. There exists, however, a
wealth of experimental studles and
observations varylng ln detall- ln the
files of the Departnent of Conservatlon
and Land Managnent. We address two
questions: I"Ihat do all these publlshed
and unpubl ished deta l ls  add up to?
What generalizatLons can we draw from
the past efforts of many foresters and
research sc ient is ts?

Most of this lnforrnatlon about
jarrah derlves from members of the
Forests Department ,  ln  par t lcu lar  A.D.
Helms (  1934-38)  ,  O.W. Loneragan
( 1 9 5 1 - 5 6 ) ,  A . C .  v a n  N o o r t  ( 1 9 5 7 - 6 0 ) ,
G . B ,  P e e t  ( 1 9 5 1 - 6 5 ) ,  P . C .  K i n b e r
( 1 9 5 3 - 7 0 ) ,  F . D .  P o d g e r  ( 1 9 5 6 - 5 6 ,  a l s o
of  CSIRO),  J ,J .  I lavel  (1967 -7 2)  and
S . R .  S h e a  ( 1 9 7 3 - 8 3 ) .  T h e s e  d a t e s
represent approximately the peri-od when
nost of the data about jarrah ecology
were collected and analysed. Many
other nenbers of the Forests Department
have contrlbuted important observatLons
that in retrospect serve to fil l out
the framewori establlshed by those
named above. These include J.
Ednle-Brom, C.  E.  Lane-Poo1e,  S. l .
K e s s e l l ,  T . N .  S t o a t e ,  A . C .  H a r r l s ,  B . H .
Bednal l ,  W.R.  Wal lace,  W.G. Chandler ,
J .  OrDonnel l ,  N.  Tanblyn,  N.T.
Burb idge,  C.D.  Hani l ton,  P.H.  Barret t ,
A . B .  I l a t c h ,  F . J .  C a n p b e l l ,  J . B .
Canpbe1l ,  S.J .  Quain,  and G.L.  Al rey.

Most of thls lnfornation ls
contained in Departnental fi1es, fleld
books, or reports held ln the
Departmental library; llttle of this is
available to the public in an
accesslble form. In the preparatlon of
this Bulletln we had aceess to all such
sources of lnfornation stil l in
ex is tence.

The fragnented nature of the
ef for t  put  ln to th is  type of  research
was expla ined in  deta i l  by Stoate
( 1 9 s 3 ) :

rThe broad study of the ecology
and s i lv icu l ture of  Jarrah . . . ,
from its range and distribution,
as governed by ecological
(c l inat ic ,  edaphlc,  genet ic  and
biot ic)  factors,  to  i ts  s i lv i -
cu l tura l  character is t ics and
regrowth treatment, has not been
possjb le as a whole owing to s taf f
limitations. Nunerous facets of
the whole have, however, received
at tent ion,  par t ly  as ad hoc
invest lgat ions of  spe c l  f  ic
probleurs. Other lnformation,
though perhaps meagre, accumulated
by of f icers over  the years is
largely scattered throughout file s
and reports and is not easlly
avai lab le for  reference.  For  th is
reason it has been the aln ln the
nore strictly research work of the
Departnent to sunmarlae existing
knowledge from tlme and record lt
ln reports bound and placed ln the
Llbrary, or publlsh it when
pos sible . I

The scope of thts Bulletin is
encyclopaedic, belng a survey of
knowledge about the ecology and
sil-vlculture of jarrah in the northern
Jarrah forest ,  and hence by inp l lcat lon
of what ls unknown or poorly understood
about  the speclesr  ecology.  In  sp i te
of thls, we have not attempted to
repeat everything that has been
wr i t ten.  Instead we shal l  be content
to make critical evaluatlon, and state
prlnciples or conclusions establlshed
in the llterature. We thus hope that
th ls  Bul le t ln  wi l l  be usefu l  as a
bibliography of publicattons deallng
rdlth the ecology and sllviculture of
jarrah. Thls complenents sirnllar
accounts about karri (Eucalgptus
divers icoTor)  (Whl te n.d. ;  Bre idahl
1 9 8 3 ) .

CHAPTER I

Introduction
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The ecology of  the jar rah forest
ecosystem fa l1s outs ide the scope of
this Bulletln. We do not deal lrith
animals,  o ther  p lants or  ecologica l
processes ln  the jar rah forest  unless
these inplnge directly upon the ecology
of  j  ar rah.

- r r r + r ^ -  - ^ n - c e n l n o i c r l

infornation about jarrah, for exanple
of  a physio logica l  or  pathologica l
nature, is given only where it advances
our understandlng of the ecology of
Jarrah.  Our obJect  has not  been to
provlde a treatise on the blology of
j  ar rah.

Because nost infornatl.on comes
froxo the northern jarrah forest
(Mundaring, Jarrahdale, Dwelllngup,
llarvey and Collie Forest Dlstrlcts) ' we
do not conslder in any detall I arrah in
the so-called southern jarrah forest or
in the Ban.ksja r+oodland of the coastal
plaln. Generallzations nade 1n this
Bulletln should not be extrapolated
beyond the northern jarrah forest.

Extraction of infornatlon from
archival and current flles and
published literature ceased ln December
1 9 8 3 .
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CHAPTER 2

The Aboriginals of south-western
Australia used the name Djara'
subsequently anglicized and
rn ispronounced as jar rah.  Abbot t  (1983)
quotes fifteen variants in thelr
original spelllng: Cherring, Chiaragl '
DJarra i l ,  Djarry l ,  Dj  er ra l ,  Dyerra l '
Jarrah,  Jarra l ,  Jarr i l ,  Jarra ly '  Jer l l '
Jerra l ,  Jerra l l ,  Jerr l l  and Jerry l ,  To
these may be added Jerrile (von Mueller
L879-84,  quot ing A.C.  Gregory)  and
t j i r ra la and t j lar ra l ,  used on the
western and southern coasts
respect lve ly  (von Brandenst  e i : r .  1977) .

The flrst European settlers of
Western Australia in 1829 llkened the
t imber to  that  of  Swiexenia sp. ,  the
Mahogany of llonduras, and called the
tree Shran Rlver Mahogany, Bentham
(1866) quotes A.  Oldf ie ld  for  the nanes
tMahoganyt and rBastard Mahoganyr.
These names were superseded in the
1860s by the Aborlglnal name to avoid
confus ion (Lane-Poole 1921) .  In  that
decade saw-nilllng rnachinery was
adopted (W. Dunn, quoted in Maiden
1911) and jar rah was f i rs t  expor ted in
large quant i t ies (Bat tye 1924) .

The species was first collected ln
779I at Klng George Sound by Archibald
Menzies, botanist to George Vancouverr s
naval expedition of discovery (Malden
1909). The eplthet marginata ra'as first
used in 1800 by James Donn, who is
thought to have grown seed collected by
Menz les .

Ilowever, lt ls possible that
another eucalypt species was involved.
In any case James Sroith ln 1802
definitely applled Donnr s nanne
matginaxa to the species. Thus until
recently the Authority was clted as Sm.
but this was replaced by Donn ex Sn.
It appears that the latter Authority is
correct  (G.M. Chippendale personal
communication*) .

The eplthet narginata alludes to
the lncrassate marglns of the leaves.
Subsequent knowledge, however,

indicates that the leaf nargin is not
more specially thickened than nany
otllex Eucalgptus species (von Mueller
1 8 7 9 - 8 4 ) .

Blakely  (1965,  ls t  ed.  1934)
p laced jar rah in  Sect ion Renantherae,
subsect ion Cordatae,  Set ies
occidenta les.  Recent ly ,  Eucalgptus
marginata has been formally classified
as fo l lows (Pryor  and Johnson 1971) :
MADCA, Subgenns MonocaTgptus, Section
Renanther ia ,  Ser ies Marginatae,
Subser les Marglnatae,  Superspecies
Marginata made up of two species, E.
marginaxa and r. staeri. For the
keylng out of E. maxginata, see
B1acka1l  and cr ieve (1980) .  I f  the
genus truca-Zgptus as presently clrcun-
scr ibed is  ever  sp l i t  ln to i ts
component subgenera, the correct Latin
binonial for jarrah would be EucatqpLus
matginaXa and not Monocalgptus
marginata ( I .  Brooker  personal
conmunicatlon*rk). There ls li tt le
doubt  that  such stabl l i ty  ln
nonenclature would be welcorned bv
f o r e s t e r s .

Surprisingly, only three synonJms
have been publ ished (Matden 1909) .
These are E. fToribunda Schauer
(col lected near  the Sr{an Rlver) ,  E.
hgpoTeuca Schauer (collected near
I,lulj enup) and E. mahogani I'. Muell.
How the first tt 'o naxnes came to be
given is  d iscussed by von Muel ler
(1879-84) .  None of  these naues has
ever  gained recogni t lon.

G.M. Chippendale,  ret l red,
formerly Division of Forest
Research,  CSIRO, Canberra.

M. I .H.  Brooker ,  Div ls ion of
Forest  Research,  CSIRO, F loreat ,
I,I. A.

Nomenclature and Taxonomv
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Only one variety of E. matginata
has been formal ly  descr ibed:  var .
staerii, found near Albany (Maiden
1914).  This  var le ty  was la ter  g lven
fu l l  speci f ic  s tatus (Maiden and
B l a k e l y  1 9 2 6 ) ,

Bentham (  1865)  d iscussed var ia t ion
based on speciEens available to hin,
and Stoate (1953)  ln formal ly  recognized
four  'botanlca l  for rns '  o f  jar rah:
gfauca,  a b lue- leaf  forn in  the
nor thern and centra l  jar rah forest ;
viridis, the typical fonn of the
south-west; pachgphqTla, a thick-leafed
and big-fruited form south of
Busselton; and. ranosa, a nore spreading
and branched type of the coastal plaln
region.  Stoate conceded that  these
forms rnay not achieve varietal
s tatusr .  A weeping forrn having long
pendulous branchlets called the
Yalanbee provenance is another variant
fron whlch the seedlings are glaucous.
A study of geographic and genetic
varlatlon in jarrah, using modern
stat is t ica l  and e lect rophoret lc
techniques, is required urgently to
clarlfy the cllnal varlatlon of the
characters used by Stoate and others.
Sone data from trro provenance trials
assessing performance in height and
dlameter  are presented la ter .

The Sectlon Renantherae as
descr ibed by Pryor  and Johnson (1971)
has nearly 75 species, of which eleven
occur  in  (and are rest r ic ted to)
Western Austra l la .  Natura l  hybr lds
would be expected between E. marginata
and the other species overlapplng ln
range rrith jarrah: E. megacarpa. E.
preissiana, E. patens, E. pachgToma, E.
todtiana. E- bupxestium, arLd. E- staeri.

However, natural hybridlzation ra'ith E.
pachgToma, E. todtiana and E.
buprestium seems most unlikely because
their f lowerlng times do not overlap
with that of j arrah.

0n1y  two hybr ids  lnvo lv ing
E.  marg ina ta  have been fo rna l l y
recorded: E. marginata x E. megacaTpa,
ar:ld E. marginata x E. preissiana (Pryor
and Johnson 1962) .  Never theLess ,
several hybrids bettreen E. marginata
and E. patens have been noted by
Fores ts  Depar tnent  personne l  near
Mundaring Reservolr (A. Selkirk), near
Mounts Randall and Cooke (R. Edniston),
in Kennedy block in Dwellingup Dlvision
(P. Kimber), and near Lake Muir and

west of Manj inup (0. Loneragan). These
trees generally have marginata-Llke
I ru i ts  and fo l lage  and pa tens-1 lke
wood. In Kennedy block the tree had
the  bark ,  leaves ,  f ru l t  and seeds  o f
E. patens but the tinber was red l ike
E. marginata. Seed was germLnated
resultlng in a hybrid swarrn ln seedling
charac ter is t i cs  (P .  K inber  persona l
comunlca t lon* ) .  Suspected  hybr ids
between E. marginata ar'd E. haenatoxglon
have been noted by R. Edmiston and
0. Loneragan at Keysbrook, Klngsbury
lookout and North Dandalup on the basls
of haematoxglon-Ltke fruit and
marginata-Ilke leaves. Such hybrld-
lzaxion is most unlikely because
E. haematoxg lon belongs to a different
subgenus from t. marginata. These
popu la t lons  nay  ins tead represent
variations of E. haematoxgTon (L.D.
Ptyor 1979 personal comnunlcation**) .
The rspeciesr E. kalganensis is now
recogn ized (Pryor  and Johnson 1971)  as
a hybrld between E. marginata ar.d.
E .  Dre iss iana.

P. Kinber, Department of
Conservation and Land Management,
Como, W.A.

L .  D ,  P r y o r  ( r e t i r e d ) ,  f o r u e r l y
Department of Botany, Australlan
National Unlverslty, Canberra.
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The present geographical
distrlbutlon of jarrah, deternined from
road traverses, is shown ln Map 7 of
F igure l .  I t  ls  rest r ic ted to the
south-rsestern corner of Western
Australia from about Bindoon south-east
to the Stlrllng Ranges and Beaufort
In le t .  I t  occurs nore or  less
continuously west of a line fron near
New Norcla, Northan, York, Dryandra,
Willlarns and Cranbrook (Beard 1975,
1 9 7 9  a , b , c ;  1 9 8 0  a , b ;  S n l t h  1 9 7 4 ) .  T h e
area occupled is about 64 000 kn2,
calculated from Map 7, Figure 1.
Horrever, the eastern boundary of its
distributlon ls quite fragmented.
Several well-isolated populatLons occur
to the east and north of thls boundary
(Lange 1960;  Churchi l l  1958) .  Those ar
Mt l,esueur and Jllakln Rock are sorne
100 kn fron thls boundary, and another
(now destroyed) was nearly 400 kur east
of thls boundary.

Thls last populatlgn was first
recorded by P.H.  Barret t '  13 kn west  of
the Dalyup River (45 km west of the
maln Norseman-Esperance Road). W.
Brennan (personal coonunication,t 1983)
s ighted the stand ln  about  1952.  I r
consis ted of  rabout  a dozenr  mal lee
Jarrah,  of  he lght  3-4 n and d.o.b,
8-15 cn, occurring on a ridge rrest of
Coollnbldgup Swamp. The stand
disappeared rrrhen the land was cleared
for agrlculture ln the late 1950s or
ear ly  1950s,

The extent of the range of jarrah
is not partl-cu1arly notable, as other
Western Australlan eucalypt specl"es
such as E. wandoo, E. rudis, E.
caTophgTTa and E. salnonophloia range
more wldely (Iange 1960; Churchlll
1 9 6 1 ) .  T h e  p a s t  d i s t r i b u t l o n  ( 1 . e .

Forests Department  f i l  e  H,O.
6 7 5 / 4 9 .

W. Brennan (retired), fornerly
Forests DeDartment of in. A.

CHAPTER 3

Distribution

before 1829) lyas somewhat greater than
I ts  range tn 1829.

Churchlll (1968) argued that the
occurrences of j arrah at Mt Lesueur and
Jil-akln Rock (he dld not know of the
Dalyup outlier) indlcated a wlder
d is t r lbut lon in  the past .  Cl lnat lc
change was postuLated to have caused
the northern and eastern boundaries of
its range to contract further south and
west  respect ive ly .

In contrast to the single nap of
the range of Jarrah as a specles (Map 7
of  F lg,  1) ,  there have been seven
at tempts,  beginning tn 1880,  to  record
the extent of jarrah forest. (The
vers ion of  Jutson 1934,  ts  not  shom
because lt is the same as that of
Kessel l  1928) .  The or ig inal  rnaps,
redrardn at  a  gcale of  1 :4 000 000,  are
gathered together  ln  F igure 1.
Conparlson of the varlous
interpretatlons of the occurrence of
Jarrah forest ls hampered because ln
nost cases the criterlon used to
dellneate forest was not explicLtly
stated. In al1 cases the maps short
where Jarrah forest 1s predoninant.

The flrst map, produced under the
nane of the Surveyor-General, shows
jarrah forest absent fron or not
predominant on the coastal plaln and
south of Manj inup, Ilowever, lt was
correctly recognized that rin no part
of the Colony does any one class of
trees prevail to the exclusion of all
other varletles. r The area lrhere
jarrah forest is predominant was stated
by t r ' raser  (1882)  to  be 36 000 krnz,
1ittle different from Ednle-Brownr s
(1896)  est lnate of  32 000 lm2.  In
contrast ,  Lane-Poo1e (  19 21)  repor ted
the area of Jarrah forest to be about
53 000 kn- .  The area calcu lated f rom
the la test  nap (Beard 1981,  publ lshed
by lorests Department of Western
AustralJ-a) lncludi-ng jarrah forest now
cleared for agriculture is 39 000 kn2.
At Dresent some 15 000 km2 ls reserved
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as State Forest and TiDber Reserves
(annuaf  Report  1983) .

These naps dl.ffer nost strlkingly
in the recognition of the eastern
boundary of  jar rah forest .  Both
Lane-Poo1e (1921)  and Gardner  (1952,
nap published by Forests Department of
Western Australia) show jarrah forest
extendlng to Narrogin. Thls dlfference
ls a matter that cafl never be resolved
sat ls factor i ly  because the j  ar rah
forest naturally fragments lnto pockets
restricted to rldges amongst rnrandoo
forest lower ln the landscape. Jarrah
then ceases to be a predoml-nant element
of  the forest .

The extent of prlne jarrah forest
L 'as f i rs t  napped by Lane-Pool-e (1921) .
This was bounded in the west by the
Darllng Scarp, ln the north by
Kalanunda, Sawyers Valley and The

Lakes, and ln the east by a north-south
llne passing near Beraklng, Mt We1ls,
Marradong, Muja, Boyup Brook and perup.
The total area of prine Jarrah forest
was thus reckoned to be about l0 000 lm2.
The next attenpt to map the area of
pr ime jar rah (Kesse11 1928)  dt f fered
most ln recognltion of a serDentine
rather  than l inear  eastern boundarv:
from near Beechina, Mt Da1e, Mt Randa11,
Mt Cooke,  Mt  Wel1s,  west  of  Mt  Saddleback,
Bowelling, Noggerup, I{l1ga, Hester,
Brldgetolrm, Yornup, Wlllgarup, Balbanup,
Mordalup and Mt Roe with lsolated
patches within the karrl zone. Both
maps, however, suffer to the extent
that the criterlon used to rnap prlme
merchantable forest  was not  s tated.

Such a crlterlon r.ras spelled out
by Abbot t  and Loneragan (1983a)  for  the
nor thern j  ar rah forest .  We suggested
that high quality jarrah forest could

: 1

Figure I
Occurrence ofjarrah forest (Maps l{ and 8) and ofjarrah (Map 7), according ro vanous
authorities. Note that the isolated population near Mt Lesueui is'omitted from Map 7.
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be distinguished frou low quality
jar rah on two cr i ter ia :  (1)  on
si te-vegetat ion types ( I tavel  1975 a,b;
H e d d l e  e t  a l .  1 9 8 0 )  T ,  S ,  0  o r  p  v s  H
or Z,  or  (2)  on whether  nature-
codominant height was greater or less
than 25 m*.

Figure 1of  Abbot t  and Loneragan
(1983a) was based on a combinat lon of
both crlteria. We now think that the
northern boundary is too far north and
that we were misled by the presence of
the understorey specles Adenanthos
barbigerus and, GreviTTea riisonji north
of Mundari.ng Weir (Flg. 2). Elsewhere
ln Mundaring and in Jarrahdale
Divisions creviTTea wilsonii and

*. Rounded to nearest 5 n,
va lue ls  27 n.

The true

Adenanthos barbigerus (see I{avel 1975a;
Nelson 1978)  are good ind icators of  the
eastern boundary of hlgh quality jarrah
forest. The delinitatton of htgh
quallty stands of jarrah based on
nhether mean nature codomlnant helght
exceeds 27 m Ls shown ln Figure 3.
Thls information has been taken fron
Forests Department Aerlal Photographlc
Interpretat ion (A.  P. I .  )  type maps,
scale 1:50 000.  Conpar ison of  F igures
2 and 3 yields a sinilar boundary
between htgh and low quality stands.
Roughly speaklng thls boundary follows
the porrer line between Brookton Itlghway
and Muj  a Power Stat lon.  Harr ls  (1956)
stated that t optimum developnent I of
the jarrah forest was attained over an
area of  about  t6  000 kn2.  This
estimate agrees closely r{,ith the area
of hlgh qualtty j arrah forest
calcu lated f ron Flsure 3.

o@.F g '3ourED ass o

dcuREdcEoF r^mH FoR6r re.r
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Figure 2
Occurrence of two important indicator species of high quality jarah forest stands - Adenanthos barbigerus and Grcrillea
lril,rorrii - determined from road traverses throughout the region shown during l9'19-I98I-
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Figure 3
Occurrence of high qualityjarrah forest, defined as forest with original mean mature height > 27 m. A dot indicates the presence
of high quality forest on each l:50000 Aerial Photographic Interprctation t]?e sheet.
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CHAPTER 4

Habitat

The great diverslty of places
where j arrah occurs rras recognized very
ear1y.  Baron von Muel ler  (1879-84)
noted that J arrah was

tnore lndlfferent to soll and
sl-tuatlons than most other
Eucalypts . . .  I  saw i t  descend on
sandy ridges and calcareous
decl lv i t ies c lose to the sea-
shores, traced lt as a shrub to
the rocky sumlts of the
St l r l lngrs Range . . ,  and not lced
lt to cone down even to r{et
r I a r s .

The habltat of jarrah wLl1 be
considered here in terms of climate,
geology, landforms, soils and fire.

Wl thtn jar rahrs range,  the
cllmate ls typlcally rneditenanean
(Kiippen Csa/b, Thornthnalte BBs), krith
cool, reliably wet ninters and hot and
ef fect ive ly  ra ln less sul  t rers (Gent i lL t
1971) .  Some 8-10 per  cent  of  the
annual ralnfall Ln the northern jarrah
forest occurs ln the flve months from
Novenber to March (Bartle and Shea
1979).  This  ls  l l lust rared for
Jarrahdale, uslng the ralnfall data
fron 1882 to 1980. For three xnonths
to the end of March, the total rain-
fa1l averages 50 mn (range 0-350).
Corresponding flgures to the end of
May, July, September and November are
27s (30-9s0) ,  7s0  (1s0-1950) ,  1050
(190-2750) and 1100 nn (200-3125)
respectlvely. The average date of the
comlng of the wlnter ralns (rbreak of
seasont) for the northern j arrah
forest  is  l -15 Apr t l  (Anon.  1970) .
This would happen earller torTards the
south. Maxlnun evaporation occurs
when ralnfall 1s lolrest (Doley 1967).
Frosts average about 11 per year (Iia11
et  a7.  7963) .

l' lost authors enphaslze the
Lmportance of raLnfall in linlttng the
dlstrlbutlon of jarrah to the east and
nor th.  Dle ls  (1906)  quored the 750 nn

isohyet as almost colnclding r{rtth thls
boundary, whereas Lane-Poole ( 19 21)
referred to the 635 nn ishohyet.

Snt th (1969)  held that  jar rahts
inland dlstribution was llmited by a
minlnum of 760 nn rainfall during
wlnter ,  and Gardner  (1942)  that
ralnfall of at least 400 mn in four
consecutlve months was required for
Jarrah to occur. Nevertheless such
attempts to define the range of Jarrah
with respect to a particular rainfall
are at present bound to fail because
of the patchy distrlbutlon of meteoro-
log lca l  s tat ions,  conslderable
varlatlon in annual rainfall, and the
fragnented inland boundary of the
specles (see eh.  3) .  I lowever ,  changes
in rainfall over the last 6000 years
have probably contributed substan-
tta1ly to thls fragnentation shown by
the well-lso1ated populations
dlscussed in  Chapter  3.

It ls most unllkely that
tenperature llnits the distributton of
jar rah (Churchi l l  1968) .

Geology and so1ls were considered
by Stoate and Helms (1938)  to  be nore
important than climate ln lnfluencing
the dlstributlon of jarrah. The bulk
of the northern jarrah fotest occurs
over a gtanLtic basement nantled by
later l t lc  soI l  (Stephens 1946) ,
Accordlng to Dinmock et a7. (197 4) tlne
depth to bedrock in the northern
jarrah forest averages about 20 m
(Range 5-42 n) .  These res idual  so l ls
forrned under peneplaln conditlons
durlng the 0llgocene and Mlocene
per iods (Johnstone et  a-L.  1973) .  The
proflle has been descrlbed many tlmes
in var ious degrees of  deta i l  (e .9.
0rDonnel l  n .d, ;  Stoate and Hefuns 1938;
Wal lace and Hatch 1952;  Mulcahy 1960;
Turton et a7. 1962; Gllkes et a1.
1973;  Bet tenay et  a-1.  1980;  Carbon et
a- t .  1980) .  As wel l  as A,  B,  and C
horlzons of eluvlatLon, ll luvlation
and weatherlng, respectlvely donlnated
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by ferruglnous gravel and lateritic
boulders wi th sheet  la ter i te ,  mot t led
kaollnitic clay, and pure white
kaol in ,  la tera l  f low of  water  has
produced conplex sol1s whlch contaln
the deeDest bauxite under the best
j arrah ( Ilave 1 , personal
conmunlcatlon*) .

The textures of each horizon are
sandy graveJ-s (A), over clay (B and
C). The ferrugl-nous gravel content of
the surface soLl was noted by Turton
et  aI .  (1962)  to  be rsurpr is lng ly

constant in value (61-78 per cent) r.

Values of bulk denslty, pH and
sal-ts quoted by Barrl-e and Shea (1979)
for the subsoll are hlgh enough to
ll-xnit root growth; yet as noted as
early as L9l7 by Lane-Poole
(unpubllshed lecture notes) the
subsoll has greater importance than
the topsol l .  I f  the roots of  j  ar rah
were conf ined to the topsol l  they
would never be able to suxvlve the
sunmer. This lnhospltable soll-
envlronnent is aneliorated by the
occurrence of conductlve channels i.n
the subsol l  (K inber  1974) .  The
relatlvely flat landscape, the
recepti.veness of the clay subsolls to
lnfiltratlon, and the lack of leakage
of rrater into basement rocks is
responsible for storage of water at
depth.

Added to these adverse physlcal
properties of the soil ts a highly
r'reathered proflle deficlent in most
nutrlents (Turton et al. 7962i Hatch
1964).. In partlcular N and P occur at
very 1ow concentratlons (Havel 1975a);
these decrease rapidly wtth depth.
Tota1 P generally is under 100 ppm.
The C:N ratl.o ia relatlvel-y htgh, at
about  30-50.

The occurrence of Jarrah is not
affected by altitude in the Darllng
Range, being found fron near sea level
to  near  the h lghest  point ,  582 n.
Jarrah is replaced by EucaTVptus
patens, E. megacarpa or E. rudis along
streats ln the western part of the
Darllng Range (Itavel 1975b). Towards
the eastern boundary E. wandoo beEIrLs
to domlnate broad va11eys, and

eventual ly  Jarrah ls  rest r ic ted to a
residual lateritlc nantle. I{avel
(1975b)  prov ides an exhaust lve s tudy
of the Jarrahdal-e area, and Mulcahy et
aI  .  (7972)  i  McArthur  et  a- I .  (1977)  and
Bet tenay et  a l .  (1980)  prov ide
detailed regLonal studies for the
Mundaring-York, Dwellingup and Collle
reglons respect lve ly .

Fire ls a natural component of
the mediterranean cllmate of south-
hrestern Australia. For example, 28
lightning flres were started around
Dwellingup on the nlght of 10-11
January 1954 and 19 fron tr{ro storms on
the nights of 19 and 20 January 1961.
Moreover, Aborlginals rrrere present for
the last 40 00Q year (Pearce and
Barbet t i  1981) ;  records of  the
ear l iest  European set t lers  lnd icate
Aboriglnal firing of the south-lrest
took place ln sunmer and was probably
frequent and of 1ow to noderate
j.ntensity (revlewed in Abbott and
Loneragan 1983b). According to l{avel
(personal conmunicatlon*) the wlde-
spread lncidence of fire ln antiquity
partly explalns the domlnance achleved
by jarrah, which is more resistant to
fire than the other eucalypt species
in the Jarrah forest .

The explanation of the dorninance
of jarrah on laterltlc gravels is
probably unrelated to lts abllity to
cope with the low 1evels of ferttllty
better than other tree specles (llavel
1975b) .  Rather ,  jar rah ls  probably
dlsplaced by wandoo lnland because the
storage of  so l1 molsture becones
inadequate for jarrah. Supporting
data come from the fact that j arrah
perslsts on shallow soils in the
noister southern j arrah forest but not
in the nore arld northern forests, and
fron physiologl6al characteristlcs of
j a r r a h  ( s e e  c h .  5 ,  p .  2 6 ) .  I n
addltion, hlgh quality jarrah foresr
oecurs ln the hlgh ralnfall (western)
sector of the Darling plateau (Abbott
and Loneragan 1983a).

J .  l lavel ,  re t l red,
Departxnent of CAI-,M,

fornerly
w .  A .
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CHAPTER 5

helght  of  the stand.  The forest  s l tes
were easl ly  recognized on the basis  of
the auount and depth of rock and
gravel on the upper slopes.

No further r^Torthwhile studies
were carr ied out  unt i l  Speck (1958)
c lass i f ied the vegetat lon of  the
State.  For  the jar rah forest  the
relevant extract ls: Formation:
Forest ;  Subfornat lon:  Hlgh forest ;
Associdt lons:  E.  narg inata;  E.
marginata-e. caTophgllai Alliance: E.
maxginata-E. calopllglLa. Speck
approached thls subJect frorn a bio-
geographic viewpolnt on a state-lride
basLs.  Consequent ly ,  a l l  o f  the
northern jarrah forest was wlthln only
two vegetatlon systems, the Darltng
and the Bannister. The treatnent was
very genera l ized.

In contrast ,  the whole of  State
Forest lras classifted by the Forests
Department in the 1950s and 1960s from
interpretat ion of  aer ia l  photographs,
on a scale of  1 :25 000.  Stands were
agsessed in  re lat ion to s tand
structure,  height  and species I
compositlon (Copies of these maps are
held by the Mapplng Branch, Department
of Conservation and Land Management,
Corno) .

An lntensive study using plots
located throughout the northern jarrah
forest was tried (Havel L975a). In
this study chemlcal properties of the
surface soils were deternlned and,
together  wi th se lected physica l
proper t ies of  the t6psoi1,  topo-
graphieal data, and the identity and
cover of the perennial- menbers of the
understorey, a computer analysls was
undertaken. The vegetatlon
approxiEated a nu1tl-dimensl.onal
continuum, whlch could be broken lnto
19 segnents for the purpose of rapLd
use in the forest. Each segment hras
defLned by edaphic conditions and
could be recognlzed by the
presence / ab sence of selected lndlcator

Associations With Other Plant Species

The rernarkable feature of the
jarrah forest  is  i ts  pur i ty .
Lane-Poole (n,d. )  s tated that  the
prirne belt of j arrah forest is tby far
the least nixed eucalypt forest
covering so wide an area in
Austra l ia t .  Marr i  (Eucatgptus
calophgfla) occurs wldely throughout
the northern Jarrah forest but is
rarely as abundant as Jarrah (See ch.
9 for  detat ls) .  Such a s l tuat ion
exenplifles a generalization first
nade by Pryor (1959) that ln nlxed
stands of eucalypts the two species do
not interbreed and are derlved from
dl f ferent  subgenera.  In  thLs case,
jarrah belongs to the subgroup
Monocalyptus and rnarri to the
Corynbia.

Jarrah also occurs to a llnited
extent ln associatlon with several
other  apecies of  eucalypts,  E-  patens.
E. megacarpa, and E. rudjs, near
streams where the jarrah forest, for
edaphlc reasons, generally glves way
to other  vegetat ion types.  In  a
similar fashion marrl, wandoo (E'.
wandoo) and karrl (E. diversicoTor)
nlx rrith and then replace j arrah near
dlfferent parts of the boundary of
jar rah forest  (see prev lous Chapter) .

Before 1975,  del in l ta t lon of
forest types in the jarrah forest kras
very broad.  Lane-Poole (n.d.  )
recognLzed slx types3 prine jarrah;
marri predominant; sand plain type;
wandoo type; a type found near Albany;
and a karr l -Jarrah type.  In  1938,
Stoate and Helns c lass i f ied most  of
the northern jarrah forest as rDarllng

Range Jarrah ! as dLstinct fron
rCoasta l  P la ln Jarrahr  and rOut l ier

Jarrah r .

The reason for thls approach no
doubt was a response to the unifornlty
of  the eucalypt  par t  o f  the forest .
Stoate and llelns (1938) further
developed a schene of classlfying
forest  s l tes on the basLs of  the tota l
volurne carried, stand basal area, and
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species, both overstoreY and
understorey.

The usefulness of thls scheme was
demonstrated by napping
site-vegetation on four areas of
forest 20-30 km2 in area (Ilavel
1975b). A further develoPment (Iteddle
et  at .  1980)  organized s l te-vegetat lon
types Lnto vegetation conplexes.
These were related to landforo-soll
units and ralnfall zones. The Darling
Plateau was thus subdlvlded lnto 28

vegetation conplexes, deflned and
mapped in  Heddle et  a l  .  (1980) .

The baslc site-vegetatlon unlts
of Havel (L975a) were organized more
broadJ-y by Abbott and Loneragan
(1983a) in to two types of  jar rah
forest: high qualtty and low quality.
llo\rever, we stressed ln that paper
that our procedure was only lnterlm,
resulting fron insufficient growth
plots  ln  each of  the s i te-vegetat ion
cypes.
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CHAPTER 6

Descriptive Features of Jarrah

Thls chapter sunmarizes
descrlptlve detail" about the size and
shape of the Jarrah tree and its bark,
leaves,  roots,  l ignotuber ,  repro-
ductlve organs, wood, physlologlcal
properties and the distrlbution of
nutrients lrlthin the tree. We also
describe the stages of development
fron seedllng into tree.

$beps,-! 1ec--and--Ueee

Janah shows a variety of growth
forms, as evldenced by the number of
stems arlsing from the lignotuber, and
the length of the bole (the height of
the stem below the crown). It gror{s
as a ma1lee at Mt Lesueur, Tutanning,
the Stlrling Ranges and towards Cape
Riche, as a short-bo1ed tree amonest
the woodland on the coastal
plain between Wanneroo and Busselton,
and as a true long-boled forest tree
in the j arrah forest.

. Figure 4
Examples of poor form shown by jarrah: A, unhealthy crown with many dead branches; B, fire scar; c, hollow butt.

Many trees, however, do not have
an umbrageous crolrn supported by a
stem of  Per fect  form ( I lg .  4) :  much
of the crown nay be absent wlth large,
dead branches, the lower part of the
stem may bear  a f i re  scar  ( rdry s tder)
or  be hol low ( 'ho l lowbut t r ) ,  and burrs
may sometines be present (Flg. 50 in
Jacobs 1955). These are abnornal
swellings present on the bole or
branches caused by the accunulation of
dormant buds (Kessell I92Ia).

No deta i led descr ip t ion of  the
structure and shape of the jarrah
tree, along the llnes of Holland
( 1 9 6 9 ) ,  h a s  y e t  b e e n  a t t e n p t e d .

The height  and d.o.b.  a t ta lned by
jarrah fa l l  wel l  shor t  o f  those of
nany other tree species, according to
data co l lared by T iernann (1935) .
Ednle-Bro\rrn (1896) recorded that it
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was not unconmon to find conslderable
areas of  f i rs t  c lass forest  where many
of  the mature t rees at ta ined tota l
h e i g h t s  f r o m  2 7  t o  3 7  u r ,  d . o . b . r s  o f
90-150 cn and boles f ron 15 to 18 ro.
Other  authorLt ies,  by inadequate ly
definlng the sanple, provlde slightly
d i f ferent  f igures.  Lane-Poole (  19 21)
quoted (? average)  height  of  31-37 n,
b o l e  o f  1 5 - 1 8  m ,  a n d  d . o . b .  o f  1 8 0  c n .
l ,a ter  (n.d. )  he stated that  the t ree
attained a hetght of 46 u, averaglng
21-31 m wi th a bole of  9-17 n.  I {ar r is
(1956)  s tated that  the naxinum helght
at ta ined ts  46 m, averaging 27-40 m in
prlme forest, and that the bole rnay
reach 24 n but  is  typ lca l ly  8-11 m,
that is about one quarter to one third
of  the height  of  the nature forest .

T r p p s  o f  c v c c n t i o n e l  s i z e  h a v e
f r e q u e n t l y  b e e n  r e c o r d e d :  d . o . b ,  o f
310 cn 1.53 m above ground 1evel  (von
M u e l l e r  1 8 7 9 ) ,  d . o . b .  o f  2 1 3  c r n ,  a l s o
measured 1.53 m above the ground
( E d n i e - B r o m  1 8 9 6 ) ,  a n d  d . o . b .  o f  2 4 4
cn at the base of the tree (Hutchins
1916).  The ta l lest  t ree recorded was
56.4 n h igh (Bednal1 and Hawkins 1945)
though a later neasurement r,r7as only
48.8 m (Underwood 1965) .  Trees wt th
d.o,b,  exceeding the arb i t rary va lue
of 200 cm have been called King
Jarrahs by Abbott and l-oneragan
(1984a).  The data avai lab le for  a
selected sanple of  these t rees are
sunnnarlzed in Table l.

H e i g h t  a n d  d . o . b .  o f  t h e s e  t r e e s
are not  per fect ly  corre lated.  For
exarnple,  the t ree of  largest  d.o.b.  is
not  the ta lLest .  Thls  observat ion was
studied fur ther  an5l  nore genera l ly
rrrith data of Helns' based on measure-
m e n t s  o f  1 8 2 6  t r e e s  w i t h  d . o . b .  >  1 9 . 4
cn present  in  htgh qual i ty  v i rg ln
jarrah forest in Chalk Block, Harvey
Dlv is ion.  The re lat ionshio between
h e i g h t  a n d  d . o . b .  i s  n o t  l i n e a r  ( F i g .

Helght  and d.  o.b.  neasurements
f rou s ix  other  local i t ies (a lso
colLected by Helns)  were therefore
fitted to an equation of the form gn H
= a *b .0n D where H and D are
r e s p e c t i v e l y  h e l g h t  a n d  d . o . b . ,  a n d  a
and b are constants,

Ihe flt to thls equation rras
always better for the samples frorn
hlgh qual l ty  forest  (Table 2) .  In
only one case rras less than half the
var ia t lon ln  helght  expla lned by
d.o.b.  These equat ions nrere then used
t o  p r e d i c t  h e t g h t s  f o r  d . o . b . r s  o f  2 0 ,
40,  80 and 120 cu.  Di f ferences in
tree height between high and 1ow
quallty forest are evident even for
d.o.b.  = 20 cn,  and becone more
pronounced at  larger  d.o.b. rs  (Tab1e
t \

Forests Departnent  f i le  H,0.
1305 /37 .

Table I
j6r lah r.ees of excaptronar size rrd

throuehout rhe ja.rah rolesr

rn) (4)

' '-."

, : . ,
' t '

se.rron, bnj ihuP,
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Figure 5
Relationship between mean height and d.o.b. for jarrah of d.o.b. 2 19.4 cm in high quality forest,
Chalk block.

The blonass of jarrah has rarely
been detern ined,  probably  because of
the effort and tlne requlred to cut up
and welgh an adequate sample of trees.
HiDgston et  a l .  (1980)  d id th ls  for  10
trees in htgh quality forest near
Dwellingup, derivlng the followlng
equat ion:  l ,n  ( to ta l  dry  welght)  =
2 . 8 4  L n  d . o . b .  -  3 . 6 8  ( r 2  =  0 . 9 9 ) .
However, traditlonal emphasis has been
placed on determiniDg the volune of
the tree for forest lnventory,
plannlng and regulation of the cut.

The volume of a tree ls the
volurne of all wood produeed, lncluding
the branches. In practLce, however,
only the bole has value, whether as

sawlog,  power pole or  Jet ty  p i le .
Enphasis  is  therefore p laced on
calcu lat lng the volume of  the bo1e,
omitting the base whlch renalns in the
forest  as a s tump.  Bole vo lune is
c a l c u l a t e d  a s  b o l e  l e n g t h  x  b , a . o . b .  x
a coef f ic ient  ca l1ed the form factor .
This  coef f lc lent  expresses the
slnilarlty of the bole to a cylinder
of the same base and length (Kessell
792Ia). Thus a form factor of I
ind icates a per fect  cy l inder .

Generally for jarrah the form
facror  is  0.72-0,81 (o ld growth or
v i rg ln jar rah,  Lane-Pool-e n.d. )  or
less than 0.6 ( regrowth jar rah,
Loneragan, unpublished data). For
trrhole tree volune (including that of
the branches) Stoate and Ilehns (193g)
used a value of  0 .6.  Related to form
factor  is  taper ,  because for  a g iven
d.o.b.  the longer  the bol -e the
narror{er lt becomes (See Hardine 1939
for  nuner lca l  data) .

A11 these factors are taken into
account when a volune table ls
constructed.  This  tab le g lves the
volurne of trees on the basis of thelr
d,o.b.  and bole heights.  The volune
of  wood conta ined in  jar rah of  d .o.b.
30-50 cm ranges f ron 0.1-2 n3
depending on bole length ( l -25 n) .  A
t ree of  d .o.b.  o f  100 cn woul-d have a
bole volume of up to 9 u3, and one of
200 cm d.o.b.  a  vo lume of  up to 40 n3
(Forests Department  1976) .  The
volumes of Klng Jarrahs 1 and 5 in
Table I  are 6 l  and 60 n3 respect lve ly ,
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the largest volumes known.

!e4

Jarrah (except as a sapling) has
a rough, reddish-grey to brown bark.
Thls is fibrous and flat \rlth snall
f issures,  and is  pers ls tent  to  the
smal l  branches (Hal1 et  a l .  1963;  Hal l
e t  a 7 .  l 9 7 o i  W a l l a c e  1 9 7 1 ) .  I n  t h e
sapllng stage, the bark near the apex
is smooth and green and becones
reddish-brown and slightly fissured
lower down. Farther down the stem the
bark ls brown, rough and flaky (Stoate
and Wal lace 1938) .  In  1879,  von
Mueller suggested that the Eastern
Australian tern rstringybarkr could be
applled to Jarrah, and lt was so
descr lbed by Lane-Poole (n.d. )  and
Cardner  (1979) .  In  contrast ,  both
Maiden (1909)  and i la l l  e t  a I .  (1953)
assert that jarrah is not a true or
typtcal stringybark.

Exfoliatlon of blackened bark is
recorded as taklng 15-20 years
(Wal lace 1966) ,  though in  1983 ke
observed smaLl amounts of charcoal
stil l present on jarrah bark ln
compartments unburned since 1932 and
t937 .

The thlckness of the bark is an
lmportant characterlstic. Up to the
nid-1950s 1t was rarely recorded
because it rras too tlme consuming and
because most  of  the h lgh qual l ty
northern J arrah forest was protected
from f i re .  D.o.6.  was then
suf f lc lent ly  accurate to  use for
determinlng dLaEeter gronth rates.
0nce prescrlbed 1o!r intenslty fires
nere put perlodlcally through the
forest, it was found that considerable
errors in the estimates of grohrth rate
were occurring because bark at breast
helght was llghtly charred (Stoate
1951;  Iorests  Department  Cl rcu lar
20/51) .  S ince then,  the th lckness of
the bark has been measured (on plots
used for growth determlnatlon) wlth a
bark gauge, usually at four places
just above or below breast helght, and
these values then averaged.  D.u.b.  o f
each t ree ls  ca lcu lated as
d.o.b.  -  2  x  nean bark th lckness.
Bark thlckness of Jarrah should

decllne ldth height above ground, as
occurs in other eucalypts (Grassla
1980) .  Because of  the omlss ion of
bark thickness data from the earller
tree measurements (described by Abbott
and l-oneragan 1983b), r,re studled the
bark thlckness of jarrah trees in
re lat lon to d.o.b. ,  number of  years
since the previous fire, and the
j .n tensi ty  of  f i re .  Stoate (1953)  had
renarked that bark thickness of trees
o f  d . o . b , 4 5 - 9 0  c m  ( p r e s u n a b l y
protected f ron f l re)  was var lab le,
averaglng 3.0 cn.  In  the fo l lowing,
unless speci f led otheru ise,  a l l  bark
thicknesses were measured by O.
Loneragan, thus elfuninating
variabillty resulting fron different
observers.

We examlned the relatlonshio
between bark th ickness and d.o.b.  by
regression analysis. Ior old growth
jarrah ( i .e .  t rees a l ready present  in
the forest  when logging took p lace) ,
none of the regressions was
signlficant, lndicating that bark
thlckness does not vary in relatlon to
d.o.b.  The bark th lckness at ta ined
six years after rarlldflre r4'as no
different fron that reached 11 years
af ter  wl ld f i re  (2.8 cn,  Table 3) .

Ilowever, exclusion of fire from
jarrah regrowth stands for 43-48 years
Ieads to an Lncrease ln bark thickness
( 3 , 2 - 3 . 9  c n ,  F i g s  6 ,  7 ) .  I r  t s  n o r
certaln when an equilibrlun is
attained betlreen productlon and nornal
shedding of bark. Bark thickness
measurenents made by members of the
Inventory and Plannlng Section of the
Forests Departnent ln trro growth pl-ots
in a compartment in Chandler block
unburnt slnce 1937 indlcate no
dlfferences between the measurements
of 1956 and 1972. Maxlmun bark
thickness may therefore be attained at
least  19 years af ter  f l re  of  low
lntensl ty .

our anal-ysis of second growth
jarrah (1.e.  t rees regenerat lng af ter
logglng)  revealed surpr is ing
dlfferences fron the old gronth trees.
In all but one case, there was a
slgnif lcant regresslon between
th lckness of  the bark and d,o.b.
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Table 3
rhictness of bark of oltl qrcwth jallah trees

lelated to tine since wildfile.

Yeals since Mean Ba* thickness Nem d.o.b.
(cn) (cn)

49.7-1O1,4

5 0 . 3 - 1 2 3 . 2

49.3-A4.2

s 0 . 7 - 1 4 7 . r

52 .9- r02 .4

2 . 6

4 . 2

6 . 3

8 . 5

1 \ . 2

30

3 3

2 5

22

22

2 , 1

2 . 4

2 . a

6 4 , 7

? 0 . 5

6 6 . 1

7 9 . 2

1 3 , 6

Fisure 6
Bark thickness of jarrah in relation to d.o.b. in one stand unbumt for
4J. years (4 and in another burnr periodically over rhe last 30 years (a)
| srte-vegetation rlpe S (Havel l9?5bll.

Figure 7
Bark thickness of jarrah in relation to d.o.b. in one stand unbumt for
48 years (tl and in another bumt periodically over the last 20 vears {a)
[Site-vegetation type T (Havel 1975b)].
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(Table 4) .  Bark th ickness was st i l l
increasing 1I  years af ter  wl ld f l re ,
unl ike o ld growth (see Table 3) .
Other data (Table 5) ln contrast show

few differences ln bark thlckness of
trees betr.reen stands protected fron
low intenslty fire for 9-20 years.

Table 4

Thickness of bark of second qrowth jauah trees

related to tifre si.ce rildfire.

Years since Mean Bark

t h i c k n e s s  ( c n )  d . o . b .  ( m )
Regression Equatlon

and siqnificance (a)

0 . 3

2 . 6

3 . 0

1 1 . 2

2 0 . 4 - 3 6 . 6

2 1 . 6 - 3 4 . 6

1 9 . 4 - 3 4 . 4

1 9 . 4 - 3 3 . 5

2 1 . 0 - 3 5 . 1

1 9 . 4 - 3 4 . 0

2 0 . 5 - 3 4 . 4

2 0

2 l

2A

2 A

2 . 2

t . 7

2 - 2

2 . 5

2 a . a  Y = 1 . 1 1 5 + 0 . 0 3 4 x ? < 0 . 0 5

2 A . B

2 A . 1  Y  -  1 . 1 5 6  +  0 . 0 3 ? x P  < 0 . 0 1

2 9 . O  Y  =  1 . 4 6 1  +  0 . 0 2 5 x  P  < 0 . 0 1

2 6 . 4  Y  = 4 , 2 1 4 +  0 . 0 4 7 x P < 0 . 0 1

2 7 . 1  Y = 1 . . 4 1 5 + 0 . 0 2 2 x P < 0 . 0 5

2 7 . 9  y  = 7 - 4 2 2 +  0 . 0 3 1 X p  < 0 . 0 1

2 A , A  Y = 0 . 9 9 4 + 0 . O 5 0 X P < 0 . 0 1

2 4 . 9  Y = 1 . 5 9 3 + 0 . 0 4 0 X P < 0 . 0 5

Y ,  b a l t  t h i c k n e s s ,  x ,  i t . o . b .

Table 5

Ef fec !  o f  absence o f  ]ow in tens i ty  f i re  on
bark thickness of reqrowth jalrah-

r .4eaD Ba lk  th ickness  (cn)  in  d .o .b .  c lass  (c rn)
(No.  o f  t rees  neasured in  pa len these)

No.  years
s ibce  f i re

15-20 2a-25 25-30 > 30 
S i te -vegeta t ion

!vpe

9

9

2a

2Q

2A

2 t

2 1

1 . 8 t 1 3 )  2 . 2 \ 3 7 )

1 . 6 ( 2 1 )  2 . O l 2 1 l

-  2 - 2 { 7 5 )

-  2 . 3 t 2 3 )

-  2 . 4 1 2 2 )

1 . 9  ( 1 6 )  2 . L l 2 6 J

2 . 1 ( 3 5 )  2 . 2 ( 6 1 )

2 . 4 ( 2 7 )  2 . 6  t e )

2 . 2 ( t 9 )  2 . 3  ( A )

2 . 4 ( 4 5 )  2 . 7  ( 2 5 )

2 .  s  ( 3 0 )  2 . 6 ( 2 3 )

2 . 5 1 3 4 )  2 . 7 1 2 4 )

2 . 3  ( 1 7 )  2 . 5  (  1 0 )

2 , 7  t 2 t )  2 . s ( 1 1 )

3 . 0  ( 1 5 )

2 . 8  (  1 0 )

2 . 8  (  1 6 )

TS

TS

o

!

o

s

s
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Bark thlckness of jarrah in the
long absence of fire appears to vary
Lrlth slte-vegetation type. For trees
of  d.o.b.  )  30 cn,  the s i te-vegetat ion
type and mean bark thickness are as
f o l l o w s :  T ,  3 . 9  c n  ( F l g .  6 )  i  S ,  3 . 2
c n  ( F i g .  l ) i  z ,  2 . 3  c n  ( F i g .  8 ) ;  H ,
2.5 cn ( I ' ig .  9) .  Mean bark rh ickness
is less ln low quality forest (Z and
H) than ln  h igh qual i ty  forest  (T,  S) .

Leaves.  Shoots.  Br

The adult leaves lrere fl-rst
descr lbed by Benthau (1866)  and
lllustrated in sone detail in von
Muel ler  (1879,  L879-84)  .  Later
descr ip t lons are to be found ln ,  for
example,  Blakely  (1965)  and Ha11 er
a7.  (7970) .  The nature ieaves are
oval-lanceolate or lanceolate, c. l0

d . o b  ( c m )

Bark thickness ofjarrah in relation to d.o.b. in on" stuilglli:rnt ror 25 years lsite-vegetation type z (Havet 1975b)1.

Bark thickness ofjarrah in relation to d.o.b. t" """ r,"#Tiir?rnt for 25 years [sire-vegetation type H (Havel 1975b)1.
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crn 1ong, slightly darker green above
than below. A varlant with glaucous
leaves also occurs. The juvenile leaf
is isobilateral in contrast to the
dorslventral condition of the adult
leaf  (Ridge 1980) .  The juveni le
leaveg were first described by Malden
(1911) ,  and the coty ledons are
descr ibed by Maiden (  1909)  .

The leaves are typically
sclerophyllous, with thLck epidernls
and strong development of nechanlcal
t issues.  Stomates are rest r ic ted to
the lower surface (Grieve 1955).
Stonatal frequency, the dimensions of
the guard cel1s, eplderrnis and
cut lc le ,  and the propor t lon of  the
adult leaf occupled by the various
ce1I types are given in detall by Rldge
et  a7.  (L984) .  There appears to  be
nothing unusual at all about the
character is t ics of  the jar rah 1eaf .

There are four bud regions for
produclng the leafy shoots (Jacobs
1955).  Three of  these are s ignf icant
in the developnent of the branches and
the crown. The leaves of jarrah, in
comon with other eucalypts, are
produced by naked buds. Each new leaf
unfolds fron the naked bud 1n the axll
of the nother leaf. Also loeated in
the axll of each leaf is the
meristenic reglon, which replaces the
naked bud whenever it is destroyed.
Thls ls the accessory axillary bud,
whlch ls concealed ln the node at the
base of each l-eaf petlole and axlllary
naked bud.

Wh1le the naked bud contlnues
gror{rth, however, the accessory bud l-s
lnhibtted and continues development in
the canbiun, as the meristenatlc
strand, called the dormant bud. These
buds have the same potentlal for
grolrth as the origlnal naked buds.

Shoots consis t  o f  a  c luster  of
these grolrlng tips. The aplcal
growing tips tend to grow concurrently
whlle the terminal tip contlnues the
growth of the main axis of the shoot.
Other shoots are produced fron the
growing tlps to the side of the
leading shoot. These develop into the
short-llved branches or branchlets of
the juvenile cro$n, lnto the
long-lLved branches, and also into the
shaping branches of the prlmary or
persistent crown.

The crorrn of the jarrah sapll-ng has
short-llved branchlets which bear
leaves for four years and then die
when about I cn in di-aEeter and I m
long (Stoate and Wal lace 1938) .  These
branchlets are cast off when the
diameter of the stem at the base of
the crown is about 6 cm. Three types
of sapling crorvD recognlzed by Stoate
and Wallace (1938) dlffer nainly in
depth and shape ( f ig .  l0) .  Because
the juvenile crown dianeter tends to
be constant (about 2 m) these
dlfferences are deternlned by helght
growth rates. As the sapllng crorrn
increases J-ts helght the leading
shoots blfurcate and forn coxnpeting
branches. The ratio of the dianeter

T
1m
L

1 2 3 4 5 6

Figure l0
Crown structure ofjarrah. 1-3 sapling (classes l, 2 and 3 of Stoate and Wallace 1938),4 pole, 5 pile, 6 epicormic crown of saplings
after wildfire.
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of the stem at the base of the crom
to the dlameter of these branches then
d e c r e a s e s  t o  l e s s  t h a n  6 : 1 .  A t  d . o . b .
of 14 or 15 cn the ratlo of the rate
of helght growth to the rate of
diameter growth fal1s abruptly from
1 1 2 : 1  t o  b e l o w  7 0 : 1  ( L o n e r a g a n  1 9 6 1 ) .
By increasing ln dianeter, the
competing branehes reslst being shed,

The crowns of these branches,
although relatively lnconsplcuous at
the tine of the maln crown dlvlslon,
forn the base of the perslstent crolrn
and promote diameter growth. After
crown divlslon, the shape of the
sapling crown dlsappears, usually when
the tree is about 20 n tal1. The
juvenile crowrr of the short-l-ived
branches continues developnent and
produces, at the reduced height gronth
rate, the branches of the Derslstent
cro$n.

Cronm depth var les f rom 2.1 to
5.1 n and crown spread varies from c.
I .2  to  3.4 m over  the range for  to ta l
helght  of  3 .1-27.4 m (Sroate and
Wal lace 1938) .  Crown spread is  an
important characterlstlc of a
crown-shy specles like jarrah and 1s
c losely  re lated to d.o.b.  The
so-ca1led K:D ratio Ls crowrr spread
div lded by d.o.b.  I t  s teadl l "y
decreases wl th Lncrease in  d.o.b.
(Stoate and Wallace 1938; Loneragan
1971).  In  regrowth stands wl th d.o.b.
of  6  cn,  K:D equals 25;  8 cn,  18;  15
cn,  13;  24 cn,  72.  In  o1d growth
stands d.o.b.  o f  40-100 cm have K:D
rat los of  16-13.

The stem and crown diameters of
the doninant and codomLnant trees ln
4l plots (83 ha) of vlrgin forest were
arranged by Stoare and l{e1ns (1938)
according to the lndex helght value of
the plots. Index height is the helght
at ta ined by the t rees wl th d.o.b.  o f
76 cn, Stoate and ltelns' index helght
was made obsolete by the rnapplng of
the forest fron aerlal photographs in
the 1950s. Mature codonlnant helght
could then be rapldly neasured.
Followlng metrlcatlon ln the 1970s,
helght classes were rounded to the
nearest  5 n.  K:D rat ios for  the index
helght cLasses have been donverted bv

us to mean mature codominant helght,
narnely  21 m, K:D 17;  25 m, 16;  29 m,
15;  33 u,  14.  However,  beeause of  the
range of  d.o.b. ts  in  any stand,  i t  l -s
genera l ly  suf f lc ient  to  use a K:D
ratio of 15 for hlgh quality stands
(rf,ith Eature codonnlnant hetght I27
n), and one of 18 for stands of lower
hetght .

The crown of the jarrah tree ia
narrorrr but deep, wlth the first order
branches generally developlng at a
point from the ground less than half
the tota l  he ight  of  the t ree
(Lane-Poole n.d. ) .  The order  of
branchlng is determlned by the nunber
of angles of branchlng fron the main
sten, wlth the donlnant arm havins the
higher  order  (Jacobs 1955) .  Leavls
are clustered at the extremities of
the branches, usually those of second
and thlrd order for sap1lngs, and
third, fourth and hlgher orders for
ta l ler  t rees.  The tota l  area of
foliage appears sna1l, so that the
forest canopy is never dense. Havlng
a 'crown-shyr eharacter, the crowns of
eucalypts will not lnterlock
(Lane-Poole 1936) .  In  the forest  the
ratio of the leaf area of an o1d
growth stand of jarrah to the land
sur face ls  0.57.  In  pole s tands the
rat io  ls  1.06 (T,oneragan 1961) .  t  eaf
areas in old and young stands are
respect lve ly  4.45 m2 kg- l  dry  weight
of the annual leaf faLl and 5.18 m2
kg-r. The leaf area of J arrah in a
pole stand near DwelJ-ingup has been
calculated to be 6.61 ur2.kg- t  6 . t
weight and its leaf area lndex (the
total leaf area per unlt of ground
area)  as 2.7 (overstorey)  or  2.9
(lncluding all saplings) (I{ingston et
a l .  1 9 8 0 )  .

The developnent of a secondary
crown is a natural- process (Jacobs
f955) .  Wl th o1d age and large s ize,
branches break off when they becone
too blg. Wil-dflre usually causes many
snal l  branches ( Iep lcorn icst ,  the
secondary leafy shoots rrhlch sprout
frorn the dornant buds) to develop on
al l  par ts  of  the sten
( I feather-topping i ) . Wildfire is
gendrally assumed to be responslble
for the crowns of many trees ln the
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jarrah forest being ln an unthrlfty
condi t ion ( l l lust rated by Stoate 1953;
see a lso Ffg.  10) .  These crowns
typlcally conslst of a gaunt franework
of linbs carrying relatively few
leaves, ln contrast to the dense
crowns seen around towns and in
pasture paddocks (Stoate 1953) ,  The
relative importance of insects, fungl,
wildfire, and stand denslty in causing
unthrlfty crorrms requires evaluation.

!is!g!ubc!

The l ignotuber  is  probably  one of
the cr i t ica l  factors ln  the success of
jarrah on the Darling Plateau. It is
a woody swelling of the sten initiated
ln the axils of the cotyledons and
lower leaf  nodes,  that  ls ,  the four th
bud reglon for producing leafy shoots
(Jacobs 1955) .  Because i t  has the
same anatomy as the stem, lt ls
properly consldered part of the stem
and not part of the root systen
(Banber and Mul '1et te 1978) .
Functlonally, however, it is often
bet ter  considered as par t  o f  the root
system.

The naln functlon of the lignotuber is
to render the young plant virtually
indestruct ib le  to  f l re ,  drought  or
grazlng of the plant by mammals or
i .nsects.  I f  the aer ia l  por t lon of  the
plant ls renoved or damaged, the
lignotuber produces rapid new growth.
Thls is because of the nany dornant
buds and the nutrlents stored ln the
l ignotuber  (Mul le t te  and Banber 1978) .
Thls dual role attrlbuted to the
llgnotuber ls controversial, because
one school of thought stresses the
food reserve aspect, and another the
source of  buds (see Lacey 1983,  for
rev iew of  ear ly  l i terature) .

Llgnotubers may be kllled by high
intenslty fire In sunner and autumn
lrhen the topsol-l ls dry (Underwood
personal conmunication*).

R.J,  Undenrood
CALM, Cono.

- Departnent

R99!s

Jarrah possesses both a shallow
wldely spreading root system and a
deeper penetrat ing one (Gr ieve 1956) .
A dense lateral and feeder root system
is present  ln  the top I  n  of  so i l ,
with a secondary dense layer of feeder
roots at  conslderable depth (15-40 n)
near the water table (Klnber 1974; De11
et  a-2.  1983) .  The two systens are
connected by vertical sinker roots
rrrith littl-e branching. Slnker roots
pass through fissures in the massl-ve
laterite layer and ln the pa1lid zone.
Otherwise the high bulk density of the
c lay (1.6 g cn 3)  would prevent  root
penetrat ion.  These f issures are
permanent features of the proflle and
are of dianeter 1 nm to 30 cn. Each
jarrah t ree has potent la l  access to
100-200 channels, and each channel
usually contains 2-3 roots (Del1 et
a l .  1 9 8 3 )  .

Root diameter decreases wlth
increasing depth (Del l  e t  a l .  1983) ,
and the density of fine roots decllnes
fron 1.0 cn cu-3 l-n the bauxLte
horizon to 0.1 cn crn-3 ln the paLlid
zone.  Klnber 's  (1974)  observat lon of
a zone of  pro l l ferat ing f ine ' roots
above the rarater table does not appear
to be a genera l  feature (Del l  e t  a_2.
1983) .  Most  of  the tota l  root  length
of  jar rah consls ts  of  f lne roots,  and
much of the root system occurs in the
topsoi l  (Carbon et  a_I .  1980) .  Ior
descr ip t lon of  root  types,  see Del1
and Wal lace (1981) ,  Malac jzuk and
Hingston (1981)  and Shea and Del l
( i 9 8 1 ) .

In  other  eucalypt  forests ,  the
radia l  spread of  la tera l  robts exceeds
crown diameter by 2-4.5 tlnes (Nanbiar
1 9 8 1 ) .  D . o . b .  a n d  l a t e r a l  r o o t  s p r e a d
are strongly correlated. Such
findings should apply to jaxrah.

Bud, Florrer, Fruit and Seed

The flower buds, f l"owers, frult
and seeds were flrst il lustrated in
deta l l  in  von Muel ler  (1879) ,
reproduced here as the Frontispiece.
The frult, as with other eucalypt
species,  is  ca l led a capsule but  ls

o f
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technlca l ly  a fa lse f ru l t  (see Crener
1965) .  Each f ru i t  has the potent la l
to produce nany seeds, but generally
most are sterile. For a scanning
elect ron micrograph of  a fer t i le  seed,
s e e  B o l a n d  e t  a l .  ( 1 9 8 0 ) .

In one siand of vlrgtn jarrah
forest, there were about 400 frults
per  t ree (Abbotr  1984a) ,  bur  rh is  ts
probably not typical as the trees hrere
decadent. There have been no studies
of hohr frult number varles wtth the
doninance status of trees, but the
generalizations of Jacobs ( 1955)
should apply. Three batches of fruit
e a c h  h a d  a n  a v e r a g e  o f  I . 2 ,  1 . 9  o r  2 . I
fer t l le  seeds/ f ru l t ;  97 per  cent  of
these rarere viable (Abbott 1984a). In
other samples of frult the number of
viable seeds ls 6-8 (Kimber personal
conmunicatlon*) . Fertile seed is
about 4.5 nn x 3.0 fln, wl-th mean
r ' re lght  of  0 .  020 g.

The fertile seed has a terninal
ve loc l ty  of  2 .6 n s- i .  For  a t ree 30
x0 tall rrlth mean croun dianeter of 26
n and a wlnd velocity of 2 kn 1-1, the
posslble dlameter of the seed shadort
ls  about  39 n (Abbotr  1984a) .

!e94-!:e!er!-1es

Hulne (1958) provides a useful
bibLiography of the wood propertLes of
J arrah. VarLous characteristlcs of
the sten wood of j arrah were
sunmarlsed by Dadswell (1972). These
lnclude colour, denslty, vessels,
rays, axial parenchyma, flbres and
tracheids. Scanning electron
nicrograph studles of both stem and
root ra'ood were made by Rldge (1980),
and Ridge et  at .  (1984) .  t r ' ibres
constituted the bulk of the wood.
Other features are descrlbed by
Shedley and ChallLs (1984) and
chenlcal propertles by Bland et aI.

P. Kinber - Departnent
Como .

(1949) ,  Penford and Wl l1 ls  (1951)  and
Hillls and Carle (1962).

As noted by Dadswell (1972) tor
eucalypts l-n general, the sapwood is
relatlvely narrow (< 2.5 cn width) and
pale ln col,our. Cumins ( 1936) stated
that this colour dlfference is not
re l lab le,  but  McOaw (1983)  noted that
nornally heartwood (truewood) ls pink
and sapwood cream.

Early descriptlons of the tlnnber
properties of jarrah r{rere enthuslastlc
(von Muel ler  L879-84;  Maiden 1889) ,
but there were contradLctory reports
of  l ts  res ls tance to nar lne borer .
Untreated jarrah piJ-es in troplcal
waters are not reslstant (Wickett
1 9 7 0 ) .

The 1887 Connlssion of Engineers
concluded that the useful-ness and
desirability of J arrah tlmber depended
on the locallty where gror^m and the
season of year ln whlch felled.
November to May/June was consLdered
the best tine to fell. This is when'the sap ls at the lowest ebbr (Maiclen
1889).  c .  S inpson (quoted by Fraser
1882)  recognized three var le t les of
J arrah wood. These observations are
now considered unlmportant.

Jarrah forms annual growth rings
(Peet 1954, quotlng Podger and
Loneragan) but their clarLty has often
been questLoned. For example,
Lane-?oole (unpubllshed l-ecture notes
1917) stated that such rlngs are not
dlscernlble except ln very young
trees, and that faLse rings are
coDmon. (False rlngs do not extend
around the sten; they are forrned when
diameter growth ls lnterrupted and
resuned durlng the same growlng season
-  Kessel l  l92 la) .  Boas (1947)  a lso
reported growth rings as being poorly
def ined and Dadswel l  (1972)  s tated
that they are vague or absent. Alrey
(1965)  suggested that  th ls  was because
of the narrow rlngs and the slmilar
colour of dense and llght wood; he
provided a nethod of stainlng that
enhances the clarity of growth rlngs
by causlng the dense riTood to becone
darker. lle counted complete rLnga
only, as lndlcated by the conmencenent

of CALM,
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of  each successive yearrs  dense woodi .
A denslometxic study of these rings
(based on variations in wood denslty)
ls  g lven by NichoJ-s (1974) .  We a lso
have not  exper ienced d l f f lcu l ty  ln
identifying annual growth rings of
jar rah.  The ages of  par t icu lar
pole-slzed trees have been determined
by both countlng rlngs and by
exanlnlng Departmental logging naps,
In all cases agreement between the two
methods has been c lose.

Varlous faults in j arrah tfunber,
includlng shakes, heartshakes and
cupshakes, are described by Kessell
( f92 la) .  Basica l ly  these are cracks
in tinber; thelr cause ls uncertaln.
They are often associ.ated wlth the
effects of wind sway and rellef of
grorrth stresses. Cracks glve fungl
access to the hear t  core.  Physica l
danage to the tree canb ium by flre and
machlnes leads to development of dry
patches. Cracks penetrating deep into
the wood prov lde access to beet les,
resul t lng ln  borer  holes.  Cal lus
growth and gum veins are other defects
developed by the tree in sealing off
the damaged area and in repairing
danage frorn the edges of wounds.

The true heartwood of Jarrah ls
very durable t imber.  Only 5 per  cent
of creosoted posts (includlng sapwood)
installed ln the ground for 30 years
fa i led (Tanblyn L962) .  Pressure
treatment rrith o11 rnakes jarrah timber
practlcally resistant to decay and
terml tes.

Nutritlonal Chara

Nutritlonal studies of eucalypts
are relatlvely scarce (Crerner et al.
1978) .  Four  jar rah t rees growlng near
Dwelllngup hTere separated lnto bole
wood,  bole bark,  dead wood,  branches,
twigs, leaves, flower-buds and frult
and analysed for elemental compositlon
(Hingston et  a- I .  1980) .  Those par ts
of the tree havlng the htghest

concentration of the nutrients studled
were:  N,  J-eaves;  P,  K '  Cl ,  buds and
leaves;  S,  Ca,  Mg,  Mn'  leavesl  Na'
f ru i t ,  buds and leavesl  Cu,  Zn,  buds '
twlgs and leaves. Bole wood had the
lowest (relatlve) concentratlon of
each element. The leaves of the
sample trees had greater Mg and lower
P, Zn and Cu concentratlons than is
typ lca l  for  eucalypts.

Some elenents varied in thei.r
concentratlon hrithln the tree. For
exarnple, N concentration Ltas greater
ln the upper crown than in the lorter
crown, whereas Ca and Mg showed the
reverse pattefn. The concentratlon of
C1 1n bark lncreased with height above
ground and the concentratlon of a felt
elements also varled with bark
th lckness ( I l ingston et  a l  .  1980) .

Cornparlsons of concentrations of
selected nutrlents ln green leaves and
leaf litter of jarrah are given by
Wallace and l{atch (L952), Hatch (1964)
and 0fConnel l  e t  a l .  (1978) .
Concentrations of most elements are
less even in freshly fa11en leaf
l1 t ter ,  lnd lcat ing that  the t ree
rr'lthdrarrs nutrients frorn leaves before
shedding then. The naJor exception is
Ca, which occurs ln greater
concentration ln leaf 11tter than
green leaves. Thls 1s consistent with
the lnnobillty of Ca in plants.

Felr studies of how nutrlents nove
within the jarrah tree have been nade,
although much research has been done
on other eucalypt specles (revlewed by
Mccrath unpubllshed data). The few
glass or shade-house studLes done
specially on j arrah examine (among
other  nat ters)  the ef fect  o f  var ious
fertil izers on the dlstrlbution of
major nutrients within the seedling.
This research may have llttle
re levance to t rees in  the forest .

Most attentlon has been given to
the nobile nutrlents P and N, which
should be transported qulckly to parts
of the plant where growlh is greatest.
In a pot experlment (Barrow 1977)
jarrah seedlings responded to applled
P r1,1thin slx weeks; thls was not as
soon as smal ler -seeded specles.  Wtth
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tine, the concentratlon of P in the
leaves of these seedlings decreased
even fhough the P content of the plant
lncreased. Ectonycorrhlzae rrere f i.rst
noted seven weeks after planting. The
stem of  the jar rah seedl lng ls  an
lmportant storage pool of P (Dell and
Jones unpubllshed data): the
concentratlon of P ln the stem
increases as P supply lncreases
whereas that ln the leaf responds only
weakly. The anount of P in the sten
may regulate the supply of P to the
growlng ttps, being retained there
until needed by the leaves (De1l and
Jones unpubllshed data). As ln the
shoot, the concentratlon of P in the
roots increases wlth lncreasLng P
supply but the concentration of P ln
the llgnotuber remalns unaffected.

The concentrat ion of  N in  roots,
llgnotuber and stem lncreases with
increaslng N supply (Del1 and Jones
unpublished data). N concentratLon 1s
ah{ays greatest ln the sten (Dell and
Jones unpublished data). The
concentratlon of N ln leaves of jarrah
seedlings lncreases wlth lncreaslng N
supply (Math ie 1981) .

In contrast, a field experiment
testlng blood and bone nanure (250 kg
ha ') agalnst a control in I{olyoak and
Holnes blocks, Dwelllngup, yielded no
effect on the N content of J arrah
leaves,  Fer t l l lzer  had been appl ied
each spr lng f ron 1952 to 1955.  Leaves
col lected f ron the 1955 and 1956 crops
gave the following concentratLons of
total N for the treatnents
respect ive ly :  1955 0.868 per  cent ,
0 . 8 4 2  p e r  c e n t ;  1 9 5 6  1 , 0 4 4  p e r  c e n t ,
and 1.073 per  cent  (Hatch,  unpubl ished
data). The low levels of nutrient in
the fertil lzer were probably
responsible for the lack of
slgniflcant diff erence betrreen
treatments.

tr'lre sufflclently lntense
(900-2000 kw n-1)  to  cause 80-100 per
cent scorching of crowns reduces the
concentrations of P and N in Jarrah
leaves (Glossop et  a l .  1980) .  Losses
ln the lolrer canopy were ascrlbed to
volatlllzatlon, but those in the upper
canopy may have resulted from nuttLent

withdrawal .

Phvsio loeica l  Character is t ics

The most studied features of
jarrah are those that help lt cope
with sumner drought. Jarrah has
evolved heavy dependence on an
efficient root aystem aad has leaf and
stomatal physiology to match.

In rr'lnter, spring and early
sunner the surface roots are well
supplied wlth i,rater, but as the soil
prof l le  dr ies,  water  becomes
unavailable near the surface
irrespectlve of the many roots in that
zone (Carbon et  a1.  1980) .  Wi l t lng
point  is  reached ln  the upper  0,5 n in
late Deeenber and in the upper 5 n by
late March (Annual Repoxt 1970; Kinber
1974) .  More deta l led s tudies by
Butcher and Havel (1976) and Butcher
(1977)  show s in i lar  pat terns of
exhaustlon of soll noisture on the
nearby coasta l  p la in.  Yet ,
transpiratlon by Jarrah persists ln
sunrmer despite exhaustion of avallable
water in the upper profile (Doley and
G r i e v e  1 9 6 6 ) .

The reason that this lnhospitable
envlrorrnent can support forest is that
the deep root system of j arrah allows
access to lrater supplies in the
subsol l .

In suEmer water consumptlon by
t rees wi th d.o.b.  o f  23-38 cn ranges
fron 3350 to 11 000 L ha-] (Doley anal
Grteve 1966) .  The rate of
transpiratlon typically dLffers ltttle
betrtreen the high and Iow ralnfall
zones (Carbon et  a j .  1981) .  Jarrah
shows an unexpectedly high rate of
r{tater loss in sunmer (Grleve 1956)
probably because the stomates are
often nidely open. Although young
Jarrah leaves should take tlne to
develop sclerophyllous attributes
(Specht  1982) ,  they t ranspi re less
water than matuxe leaves because of
more effective stomatal closure (Doley
1967). Transplratlon is greatest
around noon ln sumner, but as the
sunmer advances the stonates close
ear l ier  and for  longer  (Do1ey 1967) .
Wlth rislng temperatures and hlgher
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evaporation in nld sumer, this
mechanlsm keeps the water consumption
of jarrah to a level sinllar to that
before summer (Do1ey and Gr ieve 1966) .
Leaf  res ls tance lncreases as a i r
temperature rlses by nid-afternoon; by
the same tlme leaf hrater potentlal
fal1s to lts lowest value (A1coa
1 9 8 1 ) .

Recent  s tudles (Bar t le  personal
conmunlcatlon*) have found that
stomata rarely close conpletely even
under extrene conditions. A1so, the
response to so i l  ra?ater  def lc i ts ,
observed by contrastlng early sunmer
and late sunmer transpiration under
conditions of slurllar evaDorative
demand,  is  neglLgib le.

After the very dry wlnter of
1976,  Bar t le  and Shea (1978)  showed
that jarrah was susceptibLe to
deslccat ion on shal low sol l  s i tes,
suggesting that j arrah has a poorly
developed adaptation to soil water
def ic l t .

Minimum xylen pressure potentla1
is usually about -1500 kPa (Carbon et
a l .  1981;  Shea et  a l .  L982) ,  and there
is little seasonal varlatlon in the
daLly extrenes (Colquhoun et a-l.
1984). Ilo\sever, in the dry surnmer of
1978, an extremely low value of -3400
k?a was recorded (Bartle and Shea
1 9 7 8 ) .

Jarrah seedllngs grown under
drought condltions (watered on flrst

J. Bartle - Department of CALM,
Cono .

day and then when wllting occurred)
showed some anatonical dlfferences
from contro ls  (watered every day) .
The area of bundle sheaths in the leaf
was re lat lve ly  less extenslve,  as was
the area of reaction xylem in the
stem. Stressed seedl lngs developed
re lat ive ly  more vessels  1n the roots
(Rldge 1980). ]lol'ever, anatonlcal
conparisons befireen several eucalypt
specles prov ide l l t t le  ev idence of
anatomlcal correlatlon with
physlo loglca l  features (Rldge et  a- I .
1 9 8 4 )  .

The second physiologlcal factor
that  has been lnvest lgated ls  sa l t .
The efflclency of j arrah (and other
forest trees) 1n annually depletlng
rrater recharge results ln the
accumulatLon of salts (Bartle and Shea
1979).  These sal ts  arr lve ln
rainfaL1, whl"ch governs the amount
accunulated over geologlcal tlme ln
these anclent soils. For exaraple, for
an average annual ralnfall of 1200 mm,
the tota l  s torage of  sa l ts  ls
10q \g ha-r , -and for  800 rnm ra lnfa l l ,
>  10b kg ha r .  Deta i ls  are g iven by
Bat ln i  and Selk l rk  (1978)  and Herber t
e t  a l .  ( 1 9 7 8 ) ,

Experlmental- studles with j arrah
seedlings indicate that jarrah 1s
sensi t ive to  sa l t  (Schel tema 1982) .
Less than 0.2 g of  * "  a t  1gg-1 g so l l
dld not result 1n sytrptons of stress.
At  0.2 g of  Na Cl  100-1 g,  near ly  hal f
the seedl ings d ied.
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CHAPTER 7

Staqes of  DeveloDEent

The stages of development of
jarrah, frorn seedll.ng to tree, have
been classified in several ways. The
earliest scheme (KesseLl 1921a)
recognlzed seedling (gerninatlon to
helght  of  1 .5 n) ,  sapl tng (helghr  of
1 . 5  n  t o  d . o . b .  o f  1 3  c n ) ,  p o l e
(d.o.b.  o f  13 cm to nhen stand at ta ins
lts full helght) and rree (from the
tine the stems attain fu1l height).
one problem is that these four hrords
are stll l ln conmon use but not
usually in Kessellrs sense. To some
extent such classificatlon ls nalnly
for convenlence. Much research done
ln the 1960s was marred by the lack of
careful deflnltion of the early stages
of  the jar rah.  I ron lca l ly ,  a  very
good classiflcatlon had been devised
by Stoate and Ilelns (1938) for
descrlblng the earlier stages of
development .

These stages were defined, wLth
slight nodlflcatlons by us (Abbort and
Loneragan 1984b),  as fo l lows (F lg,
1 1 )  :

(1) Seedllng - Less than one year
oJ-d, usual-ly with cotyledons
present, and wlthout obvlous
llgnotuber. ltelght of shoot ls
not  speci f i "ed.

(2) Llgnotuberous seedling - Older
than one year, cotyledons absent
(or  l f  present ,  then dead) ,  one
sten h ' i th  l lgnotuberous swel l ing.

(3) Seedllng coppice - The lignotuber
is obvious and remains so at
least  unt l1  s tage (4)  ls  reached.
Arlsing fron thls are nultlple
shoots,  restored af ter  f i re  or
other agent has danaged or kiLled
the orlginal shoot (s) .

(4) Ground coppice - Two substages
are recognlzed: lnciplent ground
copplce laeks a deflnlte leadlng
stem, whereas dynanic ground
copplce has a well deflned leader

Figure 11

Early stages in the developent of jarrahl (2). l ignotuberous
seedling; (3). seedling coppicel.  {4). ground coppice: (9).
srump copprce: (ru)! stool copprce.

Growth

T
T
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among the surrounding nultiPle
shoots. In both cases the length
of the longest shoot ls less than
1.5 ur, and the length of the long
axls of the lignotuber is less
than 15 cn.

(5) Sapling - Height of the tallest
s t e m  e x c e e d s  1 . 5  m  b u t  d . o . b .  i s
less than 15 cn. The saPllng has
a Juvenile crolvn' consistlng of
the leadlng shoot(s) and short-
llved branchlets. From thls
stage, the lignotuber becones so
large and lll-defined that it is
best  regarded as a root-s tock or
caudex.

( 6 )  P o l e  -  d . o . b .  r a n g e s  f r o m  1 5  t o
45 cn. The crown conslsts of the
leading juvenlle crown and crown
unlts of the seni-persistent
branches and persistent prlnary
branches. These have reduced
juventle crown units whlch extend
the lateral spread.

( 7 )  P l l e  -  d . o . b .  r a n g e s  f r o m  4 5  t o
50 cn.

( 8 )  T r e e  -  d . o . b .  e x c e e d s  6 0  c m ,

The d.o.b.  l lmi ts  speci f j "ed for
stages (6)- (8)  are arb i t rary and
dlffer ln relatlon to sl.te quallty
( f ie .  12) .  I t  nay be usefu l  to
subdivlde stage (8) into lnmature '
healthy mature and overnature tree
though ln practice recognltion is
subject lve.  Poles '  p l1es and
overnature trees nay have a secondary
growth of eplcornic branches replacing
the prlnnary-shaping branches whlch
have been broken from the trunk (Fig,
4 ) .

Two other stages' developed froro
logglng, are very comon throughout
the northern Jarrah forest:

(9) Stunp copplce - These are
resprouts fron stuxops cut above
ground level, normally durlng
logglng.

(10)  Stool  copplce -  These resprout
from sturnps cut at ground leve1
(nullinlzlng). Thls treatment

Figure 12
Slages in lhe development ofjarrah subsequent to ground
coppice (indicated by mean mature codominant height) in
relation to site quality: A". > 33 m: A, 27-32 m;
B'. 2l-26 m: B. 15-20 mr C.( 15 m.

was carrled out extenslvely by
the Forests Departnent durlng the
1 9 3 0 s .

The rate of transition through
the above stagea, and the factors
responslb le,  are d lscussed ln  la ter
chapters.

Seasonal Patterns

The seasonal cycle of plant
growth ln tenperate Australla (wlth
enphasis on nediterranean cllnates)
may be summarized as follows (Specht
1975, 1982): in late sprlng to sunmer
starch stored l-n stems and roots is
hydrolysed, the canopy grows and
leaves are shed. Durlng this perlod
the leaf area lndex remains more or
less constant. Growth of the stem and
roots occurs durlng autumn; canopy
growth ceases then. There ls carnblal
sten growth in wlnter, By late wlnter
and sprlng, leaf litter begLns to
decompose, roots grow and starch -is
stored in  the roots and stens.

Seasonal growth of jarrah ls well
understood for leaves and shoots, wood
and roots.

(a) Leaves and Shoots
The leaves of jarrah start
unfoldlne from the naked buds in
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Augus t (ground copplce, stunp
coppi .ce,  s tool  copplce,  sapl lngs)
or  Novenber (poIe,  p l le ,  t ree) .
Fu1l size is reached frour
December to Februaxy respectlvely
(Loneragan 1961) .  Tern lnal  leaf
molsture content increases fron
October  (110 per  cent)  to  January
( 1 5 0  p e r  c e n t )  ( P e e t  1 9 6 4 ) ,

Leaves mature, thicken and harden
during sunmer. Sonetines small
fLushes of l"eaf grolrth occur in
early spring after warm rreather
or early in autunn following good
suxnmer rains.

Leaves rarely llve longer than
two years; about half are shed
after 12-75 months and nearly all
after 24-27 nonths (Loneragan
1 9 5 6 ,  1 9 5 1 ) .  T o  a  g r e a t  e x t e n t ,
the life of the leaf varies wlth
the degree of vigour and branch
extenaion. Where extension
growth is greatest, leaves nay
llve for less than one year. 0n
stagnant branchlets, they nay
survlve for nearly three years.
The age, vi.gour and posltlon of
the tree, season, and daurage
caused by insects,  f rost  or  f l re
are also important (Loneragan
1956).  Ior  exarnple,  the ent l re
crown may hold no leaves older
than slx months when a favourable
season follows an unfavourable
one or  a seed year .  As expected,
nost helght or shoot grolrth takes
place in surnmer, when leaf
product ion is  greatest .

In December the old leaves become
yellow to brown in colour and are
then shed as the branchlets dle
throughout sunner (Stoate and
Wal lace 1938) .  Mosr  l l t rer  fa l1
takes place ln January, February
and March (Wallace and Hatch
1 9 5 2 ;  H a r c h  1 9 5 5 ; - 1 9 6 4 ) ;  t h l s  m a y
exceed 650 kg h3 r during sone
sumrers (Hatch 1954). The
aasociatlon beflTeen l-eaf fal1 and
leaf flush ls probably causal
(Hatch 1964) :  the product lon of
new leaves probably reduces the
auount of water and nutrients
avallable for older leaves. An

abscLsslon layer forns at the
base of  the pet lo le  (and
branchlet )  dur lng senescence,
resultlng ln its sheddlng (Jacobs
1 9 5 5 )  .

There appears to be no narked
ef fect  o f  season on the
resprout lng of  coppice f rom
Jarrah stuxops. This may be
conpared with E. occidentafis
plantations ln Israel, where the
proportion of s tump regeneration
from cuttlng durlng late
sprlng,/early sumer is relatively
1ow (Zohar  et  a7.  1978) .

Camb lurn
Gioith of the sten canbium begins
in autumn, usua11-y durlng Aprll
at the break of the season
(Loneragan 196L) .  The wood
produced then is dense, hrlth a
high ratio of fibres to snal1
pores. llost growth occurs during
winter, when a high ratio of
f lbres to large pores is
produced. Growth usually stops
ln Decenber; thls ls narked by a
discontinuous ring of pores. The
cambiun does not grow in suomer.

Thls lnformatlon comes from three
sources: the regular Deasurement
by tape of a slngle tree over 10
years; short-term measurements
uslng dendroneter bands; and
studles of wood anatomy. The
fl.rst trro nethods measure both
canblal grorrth and
shrlnkage / expanslon of bark. In
winter bark is moist and expands,
but ln sunmer (and perlodleally
during wlnter and sprlng) lt
drles and shrinks. This results
in dendrometer bands recordlng
negatlve lncrenent. Useful data
on the moisture content of wood
throughout the year are glven -by

Doley and Grieve ( 1955) ,

T h e  d . o . b .  o f  o n e  t r e e  a t
Willowdal"e was neasured nonthly
tr7lth tape by J.M. Leeds
(unpubllshed data) for 10 years,
I n  M a r c h  1 9 3 6  d , o . b .  w a s  6 8 . 0  c n
and in  october  1946 t t  vas 16.4
cn. Norna11y, a sarnple slze so

(b)
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Table 6

tlonthty increne.t in d.o.b. of one jalran tlee at
tli l lordale, neasured neally every mobth f!@ 1936-45.

1 0

10

1 1

1 1

1 1

1 1

1 1

10

0 . 1 3

0 , 1 5

0 . 0 5

0 . 0 5

snal1 would not be very useful,
but the long period of
measurement compensates for that
deflciency, No growth was
recorded durlng surnner (Table 6).
Most took place durlng autumn and
rd lnter ,  wl th  70 per  cent  of  to ta l
lncrement between March and July.

Dendrometer growth studies show
that  d.o.b.  growth of  150 j  ar rah
poles ls greatest ln May and
posltlve in all months except
December (Peet 1964; McCornick
n.d. ) .  F lushes occur  Ln spr lng
(wlth a peak in October) and
autumn (peak ln May). Otherwlse
growth is naintalned at a lok7
1evel .

The orlglnal graphs (Peet and
McCormick unpublished data) short
that greatest positlve increment
occurred ln April to May 1954,
Apr1l  to  June 1955,
February/March and May 1966, May
and June L967, and, March, May,
and June 1968. Negatlve
increment rtras greatest in
December and July but occurred
also in January, February, August
and September. Decrenent
recorded ln r.rlnter may have
resulted fron l-ow temperatures.
Other dendrometer studies
(Novenber 1965, monthly
Deasurenents for one year, Klnber

unpubJ-lshed data; and nonthly
neasurements over 40 nonths,
Bartle and Shea 1978) yleld
slnllar results. A study fron
1964 to 1970 found posl" t ive
increment from February to
Novenber, wlth naximum growth ln
June and July  (Nlchols  1974) .

The thlrd approach is potentlally
nore useful but ls very
laborLous.  Loneragan (  1961)
studled the surface of
cross-sections (at ground level)
of j arrah poles. Anatoml-cal
detalls were observed uslng a
hand lens and blnocular
mlcroscope. Stems from part of
Anphlon block burnt by wlldflre
in February 1940 and March 1952
helped confirm the growth ring
pat tern (F ig.  13) .  Pores are
allgned ln distinctlve patterng
allordng the recognitlon of
growth r lngs (F lg,  14) .  Each
growth ring ls termlnated in
porous wood in a dlscontinous
ring of pores Ln the spring wood.
Dense wood begins abruptly ln the
adjacent grorrth rings in autuxnn
and has the smallest pore sizes
(abnornal i t les sonet lnes occur  i
these are d lscussed la ter) .

Seasonal changes in wood growth
are dlsplayed by the anangenent
o f  t h e  p o r e s  ( s e e  F t g .  1 4 ) .

-  31-



._0.25 cm_, __,__,

r:f;"7f":i

O 0
O o  o r

ft:;""';;

:,frift
Yili,

Au tumn  1950

1950 Spring

Au tumn  1951

'1951 Sorino
1952 Sbrind

A. Jarrah annual growth rings. Note the proventitious
dormant bud strand capable ofproducing epicormic shoots
(para. I, Ch. l).

Figure 13
B. Section of the stem of a jarrah pole showing annual
$owth rings and the meristematic strand of the dormant leaf
bud (iacobs 1955).

Pores arranged in radial llnes
across the grokrth ring show that
gro\dth raTas unlform, whereas pores
oriented in curved lines indicate
rapid grorrth, wlth rate of growth
lncreasing then decreasing.
Tolrards the end of the annual
gror,rth (in the sprlng wood
canblun) pores appear closer
together and termlnate almost
stde by side j-n a discontinuous
r ing.

The seasonal sequence of growth,
wlth dense wood in autunn and
porous wood in spring, is tyPical
of eucalypts 1n southern
Australla. Because spring wood

Figure 14
Anatomy ofa section ofjarrahwood, showing the formation
of the annual growth rings before and after wildfire (after
Loneragan 1961).

Is found l-ate in the growth
sequence' it should not be called
t early wood r .

(c)  Roots
The seasonal pattern of root
grolrth ls sirnilar to that of
camblum, Most growth occurs ln
May/June and Septenber /oc tober
(Del l  and Wal lace 1983) .
Rainfall is lmportant in
inltiatlng growth; rapid growth
occurred wlthin two days of an
unseasonal stono in Feb ruary.
Much of the framework for fine
feeder  roots is  but l t  up af ter
the autunn rains. There ls

Autumn 1953

Au tumn  1954

1954 Sprinq

Au tumn  1955

1955  Sp r i ng

Autumn 1956

CAMBIUM
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l lttle difference ln grolrth
periodiclty of the varlous types
of  root  (Del l  and Wal lace 1983) .

The phenological patterns
described for leaves, canblun and
roots lmply that starch is stored
in the nood during winter and
then ln spring and sunmer is used
for leaf growth.

B4!c--91-gorslb

(a) Height
Because height of trees ls
difficult to measure as
accurate ly  as d.o.b. ,  there are
few references to the rate of
growth 1n helght of jarrah, Most
of these pertain to the smaller
stages of  development  (< 1.3 n
ta l l ) .  LaDe-Poole (n.  d .  )  quoted
an_average helght grorrth of 5 cn
yr r for seedlings at Drrellingup;
this was considered to be about
twice that at Mundarlng.
Seedllngs eight-nonths-o1d ln the
Ashendon vlxgln forest had grom
7-8 cn ta11 (Abbotr  1984a) .  In
Mundlirnup block, seedlings nine
and 21 rnonths o1d had grolirn to
average helght of 3 and 5 cn
respectlvely (Abbott and
Loneragan 1984b).  Other  records
(Abbott and Loneragan 1984b)

inc lude:  5.3 cn (s ix  months,
A s h e n d o n  b l o c k ) ,  6 . 9  c m  ( 2 . 5  y r ,
Young b lock)  and 7.9 cn (6 yr ,
Plav ins b lock -  see aLso Table
7) .  These data come f rorn s tands
wi th basal  areas typ ica l  o f  the
northern j arrah forest and do not
lnclude speciallzed condltlons
such as ashbeds or thlnned
stands, lrhlch are discussed
later .

Developnent  f ron the seedl ing
copplce stage into the ground
coppice stage takes many years,
with helght usually renainlng at
c. I n. There is continual
renewal of nultlple shoots from
the l-tgnotuber until a dynamic
shoot is able to assume the
sapllng hablt and contlnue helght
grorrth (Abbott and Loneragan
1984b).  Three categor ies of
hetght growth for saplings were
recognized by Stoate and Hehns
( 1 9 3 8 ) :  0 . 8 - 0 . 9 ,  0 , 5 - 0 . 6  o r
S 0.3 m yr- r .  These resul t  in
crowns of sapllngs ln these
categories having diff erenc
shapes.  Sapl ings belonglng to
the fastest growth category
achleved a height of 20 n in 23
years. Saplings ln lower quality
sltes have slorrer growth rates
and achieve lower final heieht of

Table 7

Heish! glowth of jallah seedungs in plavi.s b]ock,
Dse l l inqup r ! -pLb l i shed da .a  o .  p .  Rrnber )  .

Mean height (m)

May 1965

May 1966

May 1969

.rune 1971

9-1-2

21-24

36-39

46-49

5 7 - 6 0

'72-75

82-85

242

1 3 0

a4

5 7

4 0

7 . 5

7 . 9

7 . r
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the crop t rees.  Growth rate is
nnost rapld in the early years for
heal thy regenerat lon on a l l  s i tes
( I - o n e r a g a n  1 9 7 1 ;  s e e  F l g .  l 2 ) .
Helght growth of stool coppice is
about  1.2 n yr - l  for  the f i rs t
three years after cuttlng and
thereaf ter  decreases to about  0.6
m yr- I  (Chandler  1939) .  Heighr
increnent of the leading coppice
shoot ls most lnfluenced b]/ stumD
size .

There have been no studles of
height increment of plles or
E r e e s .

Jarrah achleves its f lnal stand
height relatively early in lts
l i fe  cyc1e.  For  example ,  s too l
copp ice  e igh t  years  o1d has  a
he igh t  o f  c .  7  n  (BednaLI  1942) ,
about one quarter of the final
he igh t .  Th ls  i s  a lso  l l l us t ra ted
(Table 8) by the similar heighr

Table 8

Mean height  (n)  of  jarrah regrowrh ln re lat ion
t o  d . o . b .  M e a s u r e d  i n  1 9 5 5 ,

d .  o .  b .  f c a r )  c l a s s

P I o t  9 , i - I 4 . 6  1 4 . . 7 - 1 9 . 4  I 9 . S _ 2 4 - 3  2 4 . 4 _ 2 9 . L  2 9 . 2 _ 3 4 . A
( y r )

R e s e r v o i r  4  5 1  ( a )  9 . 1  t 2 . a  7 4 . . 7  1 6 . 1  1 9 . 1

R e s e r v o i r  2  5 L  ( a )  9  - 2  7 2 . a  1 5 . 1  . 1 6 . 0  I . 7  - 4

R e s e r v o i r  5  5 1  ( a )  -  1 4 . 1  1 6 . 6  t g - O  1 8 . 8

R e s e r v o i r  8  5 1  ( a )  1 0 . 3  1 2 . 9  1 5 . 0  1 6 . 5  1 9 . 6

sa! .yers 28 23 lb)  10. .4 11.8 12 .g 14.6

(a)  Af tet  c learfe l l ing in 1903 fo!  coldf ie lds r , rater  supply.

(D) Following regeneration treat[rent of 1932.

- Sanple too sl]atl (<10) .

The growth ln height of
pole-s ized jar rah has been
studled ln Curara and Cornwall
blocks (Wallace unpubllshed
data), and l{ohoes and Dale blocks
(0.  Loneragan unpubl ished data) .
The Curara stand was referred to
by Stoate and Wal lace (1938) .  In
1934,  the height  range of  rh is
s t a n d  r { a s  9 . 6 - 1 8 . 1  n  ( 2 0
codominant  t rees) .  In  19g1,  th is
was 18.  1-28.  9 m.  l , lean height
increment lras calculated to be
0.19 n yr - l .  In  Cornwal l  bLock,
the range of helghts was
L 2 . 8 - 2 2 . 6  m  ( f o r  1 2  p o l e  s l z e d
trees)  in  1940 and 19.5-24.9 n tn
1954,  y le ld ing a nean height
increment  of  0 . I7  m yr- l .

of regror^rth stands 23 or 5l years
old.  These data a lso ind icate
that  most  height  growth is
achieved within 20 years after
release of the ground coppice
stage by regeneratlon treatnents
or clear-felling of the origlnal
overstorey.

More lnfornation is avaLlable for
the stand in Sawyers block. Mean
height of the target coppice stem
per s tool  ( for  the stool  d lameter
c lass of  20-30 cn)  was 5,5 n (age
5  y r ) ,  1 0 . 4  n  ( 1 5  y r )  a n d  1 1 . 8  n
(23 yt )  .

Height grorrth in various stands
in l {o1nes b lock is  b.4 n (at  15
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y r ) ,  1 3 . 8  ( 2 4  y r ) ,  a n d  1 6 . 8  n  ( 4 0
yr)  [conpar tnent  5] ;  16.5 n (28
yr)  [conpar t roent  1] ;  and 19.4 rn
( 3 2  y r ) ,  2 0 . 9  n  ( 3 8  y r )
[conpartnoent 10]. Final height
ln these compartments ls 30-33 n.

In Dale block, where flnal
(mature codoni-nant) height does
not exceed 24 n, heights attalned
are 3-4 rn (age 5 yr ) ,  8-12 n
(20-25 yx)  and 14.6 n (25 yr) .
Ileight growth eventual-1y stops
although dianeter grorcth
contlnues (Stoate and Bednall
1940) .  At  the f ina l  he lghr ,
secondary growth of the eplcormic
crowo units fluctuates fron year
to year. I{eight probably
decreases rrith overmature age as
the crolrn dies back. For
codomlnant trees, helght ls
proportlonal to age untll a
certaln dianeter is attal.ned
(Stoate and Bednal l  1940) ;  rhat
i s ,  w h e n  t h e  d l a m e t e r  ( d . o . b . ,
cn)  ls  2.6 t lnes the helght  (m)
\ s e e  r  r g ,  r z r .

(b)  Dianeter
Jarrah has long been recognized
as a long-llved slow-growing tree
(von Mueller 1879-84; Lane-Poole
n.d. ) .  Dlameter  growth nas f i rs t
quantlfled by Ednie-Brom ( 1896) ,
lrho counted the grorrth rlngs of
felled trees. Ilis estlnate was
1 . 2 - L . 5 . r  y t - l  r i n  g o o d
Si tuat lonsr .  These ear ly
estimates have llnited meanlng
because stahd basal areas liTere
not quoted. There is a strong
negative correlation betr{'een
stand basal area and dianeter
growth (Abbott .and Loneragan
1983a).  Rate of  d iameter  gronth
was dLscusaed extensiveLy by
nitnesses to the 1903 Royal
ConnlssLon but the infornation
lras based more on oplnlon than on
neasurenents. The rates
nent ioned (pp.  iv ,  23,  86,  92,
9 3 ,  9 5 ,  1 1 1 ,  1 2 3 ,  1 4 1 )  a v e r a g e d
1.4 cn yr-1.  Later  ln format ion
strongly irnplies that this flgure
ls exaggerated or represents the
grolrth of a sna1l sanple of
healthy domlnant trees.

Lane-Poole (n. d. ) esttnated
dlaneter rate of growth as 0.6 crn
yr r. Later, measurements for
the first grorr'th plots
esrabl lshed in  1916 and l9 l7
becane availab le (Annual Report
1 9 2 2 )  ,  T h e  a v e r a g e  d . o . b .
increment ranged from 0.27 to
0.48 cn yr  r ,  but  agaln these are
unreliable because the plots were
burnt between measurements and
the perlod of measurement rr'as
only 4-5 years. Dlaneter growth
of  212 selected crop t reea at
Wlllowdale, Jarrahdale and Kirup
was 0.35-0.51 cm ys- l  over  a wlde
range of  d.o.b.  r  s  (Royal
Connisslon 1951). McNamara and
Canpbell (c. 1956) quored average
dianeter growth of prlne Jarrah
as 0.2 cn yr_r  and of  e1l te  t rees
a s  0 . 4  c m  y r  r .

A11 of the above estLmates of
dlaneter grolrth probably refer to
fully stocked stands of hLgh
quallty J arrah forest. The nost
recent authoritatlve estlmate for
such forest  ls  0.17 cn yr- ]  ,  wLth
a range of  0.09-0.25 cn yr- l
(Abbott and Loneragan f983a).
In contrast, dj-ameter growth of
coppice from stuEps or stools is
very rapid:  ln l t ia l l -y  1r  is  1.0
cm yr r (Abbott and Loneragan
1982);  a f ter  about  10 years,  the
rate of growth decllnes to about
0.3 cn yr- l  '

(c)  Basal  Area
In hlgh quality jarrah forest,
b .  a . u . b .  g r o w t h  ( c . a . 1 . )  a v e r a g e s
0,19 n2 hs- l  y1- l  (Abbot t  and
Loneragan 1983a).

(d) Volume
V . u . b ,  g r o w t h  ( c . a . 1 . )  l n  h l g h
qual - i ty_forest  averages I .2  ng
ha r yr r (Abbott and Loneragan
1983a).  The c lass lc  basal  area
or volume increment curves
showlng current annual increment
(grolrth durLng the last year) and
nean annual lnctenent (cumulatlve

, growth divtded by age) are not
available for jarrah. Ilowever,
it Lsr 1ikely that maxlmum
increment (glven by the
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lntersectlon of the tlro curves)
would occur at about 40 years (0.
Loneragan unpubllshed data).
Thls slgnlfles ttrat the rotation
perl"od for maxiuum volune
productlon (to l0 cn top
dlaneter) is about 40 years. At
thls age, of course, average tree
d.o.b.  ln  untreated stands ls  too
small to be saleable as sanl-oss.

(") Llgnotuber
The rate of grovth in length of
the long axls of the llgnotuber
1s about 0.7 cn yr I over the
flrst 20 years (Abbott and
Loneragan 1984b).

(f) Conparlsons of Jarrah wlth
Softwood
V6T-or" growth for eucalypt forest
(selectlve logglng) and softwood
Dlantatlons are 0.5-3 ar.d 74-25
n ' h a l y r r r e s p e c t l v e l y
(F lorenee and Shepherd 1975) .
However, the comparlson is
lnequltable, because plne
forestry involves lnltial
clearfellLng, thinning at least
once during the perl.od of the
rotatlon, and fertll lzatlon
(except  on red loam sol ls) .

It ls known that jarrah would
respond to slmilar condlt ions.
For exanple, Ln a measured plot
at  East  Kl rup,  the n.a. i ,  o f
volume rrtas
28 m'  ha '  yr  ' .  This  ls  bet ter
than the average for
plantat lon-grown pinus radiata
( 2 0  m "  h a  '  y .  ' ,  B u t c h e r ,
personal cornnunicatlon*) . These
j arrah trees nere too snall to be
used for sawlogs. They also
devel-oped bad forn by forklng
lnto nultlple leaders. Exposure
to frost and l-nsect attack at the
sapllng stage were responsJ.ble.

By conparlson, maxLmun increnents
for Pjnus pinastet on the coastal
plaln near Perth are attalned at
about 5 yr (height) and 8 yr
( d . o . b . ) .  T h e  n . a . 1 .  o f  v o l u n e
for_,P. pinaster averages I0 n3
ha ' yr ' (Butcher, personal
communLcation*) .

The Ef fect  o f  S i te  on Growth

. ts i te t  is  used to descr ibe the
integration of envlronmental factors,
particularly clLmate and soil, in an
area. It lnfluences to a large degree
the height, diaxoeter s lze
dlstribution, basal area and volume of
the stand (Abbott and l,oneragan 1983a,
1984a).  Consequent ly ,  the rate of
grorflth varles \f,lth site. In fully
stocked hlgh or 1ow quallty jarrah
forest , average increments are:
r r r r h  n ? . n r  .  b . a . u . b .: "  : ? , ' _ , '
0 . 1 9 ,  0 . 0 5 ^ m '  ! g  

'  
I T  

' 1  a n d  v . u . b .
I . 2 ,  O . 2  n '  h a  '  y r  '  r e s p e c t i v e l y
(Abbott and Loneragan 1983a).
Surprisingly, site does not affect
dl.aneter grolrth of stump coppice
(Abbott aod Loneragan 1982). Thls
sugge€G€ -tbat the well established
root system of stump eopplce overcomea
the problems of lorrer ralnfall
recelved by low quality foreat.

The nffect of Prove

Informatlon on geographlcal
variation in growth of jarrah cones
from an experlnent ln Inglehope
arboretum. Seedllngs (grown from seed
collected at varlous locatlons) lrere
planted in freshly ploughed ground ln
wlnter 1969 at a rr7lde spactng (3 n)
and were fertll lzed. Each of the 11
provenances \ras represented by eight
plants. A randomized conplete block
desl.gn was used (Klnber unpubllshed
data) .

The resuLts of ten yearsr growth
(Table 9) indicate sone genetlc
dlfferenees between provenances. Seed
from the thro hlgh quallty sl.tes
at ta ined the largest  d.o.b.  and that
fron the locallty farthest lnland the
least. In contrast, the helght data
reveal much overlap betrreen
populations. I{owever, the experimedt
is too sma1l for reallstle conclusions
to be drawn from lt.

T.  B.  Butcher  -  Departuent
CALM, Como.
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Table 9
D.o.b. and heiqht qrorth af j

!he!!sl!

The Ef fect  o f  DoEln
Visour. and Bole Dlameter on Growth

These factors have an lxoportant
influence on dlameter growth (and
hence basal area and volune growth);
this is sumnarlzed by Abbott and
Loneragan (1982,  1983c) .  Depending on
the stand, codomlnant trees may grow

up to 70 per cent faster than
sub-domlnant trees. Codomlnant stool
coppJ-ce has grown nearly 40 per cent
faster than sub-dominant copplce in
the sane stand.

The vigour of the crown rated
subj ectively shows that codonlnants
with dense crowns have faster dLaneter
grorrth than those with sparse crowns
(Abbott and Loneragan 1983c). Crorn
vigour is also a good predlctor of
dLameter gronths a 6tudy of
pole-slzed jarrah lndlcates that the
possesslon of  the deepest '  widest  and
densest crown nakes posslble the
greatest dlameter increxnent recorded
Ln unthlnned jarrah forest, 0.9 cn
yr (Abbott and Loneragan 1983c).

A codonlnant or domlnant position
of the crorn in the canopy does not
guarantee a rapld diameter growth.
ConpetltLon among too nany stems in
regrowth stands forces the weaker onea

lnto subordinate posltlons. Residual
old growth trees, weakened by the
vlgour of competing regrowth, show
reductlon in leaf denslty. We
searched the grortth plot records of
the Inventory and PJ-anning Sectlon of
the Forest Department and found 20
trees wl th d.o.b.  100 cn when f i rs t
measured. _Diameter growth averaged
0.10 cn yr  ,  ranglng f rom 0 to 0.5 cn
yr  .  Because mean d.u.b.  ls  114 cro '
t rees of  th is  large s ize should be
domlnant s or codonlnants. Although
there ls no infornatlon about the
croLTn v igour  of  these t rees,  i t  ls
very llkely that the varlation ln
dlameter growth reflects variatlon in
cronn vieour.

Dlameter (an indlcatlon of size
and age) has some influence on
diameter growth. We lnvestlgated thls
us ing Wal ford 's  (1946)  nethod of
calculating a linear regression
equat lon between d.u.b.  a t  the second
measurenent (as dependent varlable)
and d.u.b.  a t  the f l rs t  neasurement
(as independent variable). These
equations for 22 stands are presented
1n Tabl-e 101 several were graphed by
Abbot t  and Loneragan (1983a) .  In
relatlon to the line of no growth,
y = x, these regresslon lines dlverge
at small dlaneters and converge at
large dlaneters, lndlcatlng that trees
of  smal ler  d iameters (e.g.  po les)  grow
sltghtly nore rapldly than trees of
larger dlaEeter. Because these data
refer to ml.xed age stands with a wlde
range of diameter classes, the Eost
llkely explanatlon is that dlameter
glves an approximate measure of age.
If this is so, younger trees are
growing faster than older trees.

In several pole stands near
Dwellingup we have measured d.u.b.
gronth as 0.3-0.4 cn yr  r ,  but  usual ly
i t  is  not  th ls  great  (Table l1) .  In
more or less even aged stands measured
for  d.o.b.  dol rn to  10 cn,  the larger
diameter classeg show faster growth
rates (Abbott and Loneragan 1983a),
probably because smaller diameter
trees are suppressed.
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Table l0
! ' l z t r o l d  e q u a r  i o n s  f o .  - u r  - o v e !  l a l l a h  s '  d d s

neasured first neasurenent

b . a - o . b .  a t  s e c o n d

neasulenent (h, ha_l)

Bigh quatity folest

Lr quality forest

s

z

z/sz
z

l -11-93+0.34x

Y=25.19+0.69X

Y=13.33+0.S9X

Y= 5 .15+0.99X

0.34 \934/A7

0.94  1952/At

0 .97  1951/a1

1.00  195I /A7
0.96  I952/A7
0.96  L935/A2
0.94  I935/A2
0.99  1951/42

5 5
5 0

34

t9 .1-  95 .4

1 ! .4 -  63 .3
2 0 . 5 - 9 5 . 0
2 1 , 3 - A 6 . 3

15.0-104.4
3 0 . 5 '  6 S . 6

1 6 . 6 -  9 4 . 0
1 3 . 6 -  5 2 . 0
1 4 . 4 -  6 6 . 5

3 1

22

26
22

{D)
Y - at.u.b. at second nea6uld€nt, x - a.u.b. at filst @as!!enent.
N - nuliber of jaua! tlees rcasured.

Table 11

d.o.b. lchr .anse

!9! 9r!l1it_j9::$

;;

me Utf.ct of efowe L9Tl to January 1972 was rneasured on
Dlameter Growth I50 pole-s lzed t rees ln  d l f ferent

stages of  reproduct lon (assessed wl th
Seedlng reduces the dianeter blnoculars). Mean dlameter increment

increhent of pole-slzed jarrah to was 0.38 cm for non-reproductlve rrees
60-80 per  cent  of  s lml lar  s lzed t rees (N=32),  0 .33 cm for  t rees wl th
lacking fruit (Klmber 1978). In flowers, lnmature capsules, or both
another experlment (Kinber unpubllshed (N=89), and 0.28 cm for trees wlth
data), the d.o.b. growth frorn July mature capsules, flowets or both.
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The Ef fec t  o f  L i t te
Browsins by Kansaroos_j!_..lqlggllLgl
lcc4lllgg

Height growth of seedling jarrah
to the nlddle of the flrst sunmet ls
reduced by the presence of litter of
AlTocasuarina fxase-riana but is
unaffected by kangaroo browsing
(Abbot t  1984a) .  An exper iment
assesslng the lmportance of shade
produced anbiguous results.

The Effect of Fire on Growth

Crortth in length of the long axls
of the lignotuber i-s rnore rapld after
high intensity flre than low lntensity
flre (Abbott and Loneragan 1984b).
A11 but the nlldest flre kil1s the
shoots of lignotuberous seedlings and
gtound coppice. New ones resprout
fron the llgnotuber. For srnal1
lignotubers the rate of height gror{'th
of  ihese shoots is  l i t t le  af fected by
the in tensl ty  of  f i re .  At  a
lignotuber length of 6 cn, the
lncrease in the length of the tallest
shoot nearly 30 nonths after the fire
ls 38 per cent after 1ov intensity
fire and 170 per cent afte! hlgh
intensi ty  f i re .

Ashbeds have an lmportant effect
on the early growth of jarrah. These
are formed by branches bulldlng up in
patches on the ground, and by the
accumul-atlon of branches, stens and
leaves after logglng. once drled, it
wl l l  o f ten burn conplete ly  to  ash.
The nutritlonal propertles of ash
(Iratch 1960) result ln seedllngs
growing very rapldly tn height of the
shoot and slze of the lignotuber
(Abbott and Loneragan 1984b).

Frequent lotr lntenslty fire does
not affect diameter growth of
pole-s ized jar rah.  McCormlck (n.  d .  ;
see a lso Peet  and McCornlck 1971)
establ lshed 24 p lots  (5 t rees/p lot )
near Dwelllngup in 1963. Dendrometer
bands were fitted to each tree. There
were three treatments, each applled to
six plots: a nild sprlng flre
(Novenber 7964) I a rnlld autumn fire
(Apr t l  1955) ;  and contro ls  ( for  each
f i re) .  One year  before the f l res,

there nas no significant dl.fference in
d. o.b. growth between treatments
( r a n g e  =  0 . 3 3 - 0 . 3 7  c n  y r - ] ) .  T h e  s a n e
result was found one year after
t r e a t m e n t  ( r a n g e  =  0 . 3 4 - 0 . 4 1  c r  y r - l ) .
The flres had no signlflcant effect on
d .  o .  b .  g r o w t h .

A sltghtly l-onger-terxo study
(Peet and McCornlck 1971) examlned
d.o,b.  growth one year  before a spr ing
fire ln Novenber 1964 and for four
years af ter .  ThLs f i re  had no ef fect
on dlaneter grorrth.

Excluslon of low lntenslty flres
from jarrah forest for 30-50 years has
no influence on d.u.b. growth (Abbott
and l -oneragan 1983b).  In  contrast ,
moderate to hlgh lntenslty flres ln
some cases accelerate d.u.b.  groar th
(Abbott and Loneragan 1983b), although
Peet  and McCornlck ( i971)  dtd not
demonstrate any difference between low
and high lntensj-ty fires in thelr
effect on grohrth. Their measurements
r{rere taken over bark, whlch nay
account  for  th is  conclus ion.

Ilowever, Klnber ( 1978) also
followed this procedure except that he
scraped loose bark from the stem, He
found that trees wlth scorched croms
i.ncreased thelr diameter nore quickly
than controls. This was attributed to
both the replacenent of the old leaves
with a dense crown of young leaves and
the preventlon of seed development.

The stLmulatory effect of a
moderate to hlgh intensity flre on
dlameter growth is shonm clearly by
analysis of groaTth rings (I-oneragan
1961;  Wal lace 1966) .  Rlng growth
beginnlng in autumn lasts for 18
months instead of the usual elght
months .

The death of the crorrm of jarrah
sapltngs ls directly related to fLre
intensl ty  (Peet  and McCormick 1971) ,
Therefore, where such regeneratlon ls
to be the new crop 1n a particular
area, fire ls excluded, otherhrlse
saplings w111 be danaged. When the
camb ium and dornant bud strands are
killed in the crown and below the
dlvLsion of the cror*m, growth of

- 3 9 -



epicorrnic shoots from the doruant buds
produces the mis-shapened t dog-leg I

b o l e .

fn. Uft"ct of tntra

!pqpe4!-!e!_e!_ !b

Reduclng root conpetition from
surrounding trees ln a trenching
experlment increased the height grorrth
of seedling jarrah by 20 per cent
( A b b o t r  1 9 8 4 a ) .

signiflcant even in fu11y stocked
jarrah stands, as evidenced by the
negative corelation between dlameter
growth rate and stand basal area
(Abbott and Loneragan 1983a).

One of the important
non-experl!0ental sources of evldence
that intraspeclf lc competitlon
cur ta l ls  d iameter  growth of  jar rah
cones from the remeasufenent of stands
or  se lected t rees over  a long per lod.

Lane-Poole (unpubllshed lecture
notes 1917)  noted that  the t rees in
cut-over forest show faster dlameter
growth than trees ln vlrgln forest.
To hln this hras expected, because tthe

cuttlng out of nature trees by the
sawmiller acts as a very bad thi.nning,
but a thlnning nevertheless r .
However, selectlve logglng for sawlogs
rare ly  reduces stand b.a.o.b.  for  very
long.  Our s tudies on stump coppice
grolrth suggest that, withln 10 years
of logging, competitlon between trees
is restored to the 1evel obtalned
before the logglng (Abbott and
Loneragan 1982) .

Using the Walford equations
(Tables 10,  12) ,  we calcu lated
d.u.b. /age curves for  each stand on
the assuEpt ion that  a d.u.b.  o f  l0  cn
r"ras attalned ln l0 years. Conparlson
of  F igures 15 and 16 lnd lcates l l t t le
dlfference in the growth of Jarrah in
vlrgin or cutover stands, probably
because both types of stand are
overstocked and the crorvns of trees i-n
vlrgin stands are often sparse.
Never theless,  compet l t ion is

Thus, a pole stand ln Iiolnes block was
neasured in  1943,  1947,  1953 and 1959
(Abbott and Loneragan 1983c). Durlng
thls peri-od the number of domlnant and
codoloinant trees, and the rate of
gronth ln height, dlameter basal area
and vol-ume decllned.

Although the sample of tagged
trees 1s small tt ls historically
inportant: these trees provide the
oldest dlrect lndlcation of dlaneter
growth. The most valuable sanples are
fron hlgh quallty forest in I{olyoake
block ( f i rs t  neasured ln  1932)  and
Mundl inup b lock ( f i rs t  neasured 1927) .
The Holyoake trees rvere selected (by
B.It. Bednall) as representatlve of
good growlng stock about 18 years
af ter  the in i t ia l  logging.  In  !932,
these poles rrere about 60 years o1d,
deternined by countlng grorrth rlngs.
The stand had been given a
regenerat lon c leaning (ch.  11)  tn  1928
followed by a nlld ftre. No other
flres occurred durlng the perlod of
neasuremenc .

Table 12
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Figure 15
D.u.b. $owth of jarrah in cut-over stands over time.

ase (yr)

Figure 16
D.u.b. growth ofjarrah in virgin stands over time.

decl lned as fol lows: 0.54 (1930-5);
0 .42  (1935-40 ) ;  0 .35  (1940-45 ) ;  0 .3 I
( 1 9 4 s - s 0 ) ;  0 . 2 1  ( 1 9 5 0 - 5 J ) ;  0 . 1 0
( 19s5-60) .

This lndicates that the stand
achl.eved ful1 stocklng wlthln a few

decades.  In  1960 seven t rees were
codomlnant, firo doxnlnant and one
sub-domlnant.

The pole and plle-slzed trees in
Mundlinup were selected by Bednall
from two adjacent compartnents (No. 2
-  1 3  t r e e s ,  N o .  I  -  8  t r e e s ) .  A 1 1
were then codornlnants. Both
compartnents were glven a regeneratlon
treatment in 1925 and a llght crowrr
thlnning in 1928. For conpartment 2,
the nean d.u.b. growth ln cm yr r frou
1927 was as follows:

0 . 6  ( 1 9 2 7 - 8 ) ;  1 . 2  ( 1 9 2 8 - 9 ) ;  0 . 3
( 1 9 2 9 - 3 0 ) ;  0 . 4  ( 1 9 3 0 - l ) ;  0 . 8  ( 1 9 3 1 - s ) ;
0 . 4  ( 1 9 3 5 - 6 ) ;  0 . 6  ( 1 9 3 6 - 7 ) ;  0 . s
( r 9 3 7 - 8 ) ;  0 . 4  ( I 9 3 8 - 9 ) ;  0 . 5  ( 1 9 3 9 - 4 0 ) ;
0 . s  ( r 9 4 0 - 6 ) ;  0 . 4  ( 1 9 4 6 - 9 ) ;  0 . 3
(r949-s3): 0.2 (1953-7); 0,2
(1957-62) ;  0 .1  (1962-82) .

In  compartnent  1,  nean d.u.b.
growth 1n cm yr I rtas:

0 . 8  ( 1 9 2 8 - 4 0 ) ;  0 . 5  ( 1 9 4 0 -  6 ) ;  0 . s
(1946-9) ;  0 .3  (1949-s3) ;  0 .4  (19s3-7) ;
0 .2  (1957-62) ;  0 .2  (1952-83) .

Several factors probably
contrlbute to the lnitlal rapld
growth. The 1920s and 1930s
experlenced hlgher rainfalL than the
long tern average, the ltght thinning
of the 1920s tenporarlly reduced
conpetltion, and the trees were
younger when first measured.

Provlded that stump copplce ls
kil-l-ed, thlnnlng overcomes the gradual
retardation ln rate of growth
demonstrated above. The experimental
evidence for this has been collated
and summarlzed by Abbott and Loneragan
(1983c). A sfunple light thinnlng ln
more or less even aged stands
lnvolving a sllght reduction in
b . a . o . b .  ( e . g .  o f  5  n 2  h a - ] )  p r o d u c e s
only a modest increase in diameter
gronth.

Not  unt i l  b .a.o.b.  is  reduced by
more than half does basal area growth
decrease narkedJ-y; however, thls
reduct ion in  b.  a .  o .  b .  increases
dianeter grorrTth the nost (data of
Kimber analysed by Abbott and
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l-oneragan 1983c). The beneflt is that
the rotatlon time is conslderably
shortened because growth is put onto
fewer stens, and has greater value on
these stens.

In contrast, in cut-over
uneven-age stands in the northern
jarrah forest, both basal- area and
volurne growth are more influenced by
nurnber of stems per ha than initlal
basal area or lnl,tial- voluue (Abbott
and Loneragan 1983a). This is because
these regenerated cut-over j arrah
stands are rrell-stocked, havlng an
excesslve number of regrowth stems.

Because l-ogging of the northern
Jarrah forest generally followed the
group sel-ectlon scheme, the veteran
trees remainlng should have suppressed
the regrohrth jarrah. We assume that
the conclusions established for karri
(Rotheran 1983) should apply,
suppressLon occurrlng within tlrice the
crown radl-us of the veteran.

An experlment (Klnber unpubllshed
data) deslgned to deternlne Sronth of
lj.gnotuberous j arrah under varying
degrees of competltion found no
differences among treatments after slx
years. A spllt-plot factorlal desl.gn,
conprlslng four Large Plot treatnnents,
rI o subplot treatments and flve
replicates, rtas set up ln Plavins
block in August 1964. T'tre treatments
were:  large p lots  wi th four  b.a.o.b.
measurements - 35 (control) ' 23' 12 or
0 n2 ha-l; and subplots wlth ground
vegetatlon untouched (control) or
uprooted annually. A11 stumPs were
polsoned to prevent copplclng. There
were flve bl-ocks ' each conslstlng of
four 15-n square plots. Ten
llgnotuberous seedllngs 2-3 years old
were planted in each subplot,

Neither removal of ground
vegetation nor thinnlng of overstorey
lnfluenced survival or helght growth
of the ll"gnotuberous seedlings. Mean
height (cn) ln May 1970 was 7.7 cm
( c o n t r o l )  ,  7 . 2  c m  ( b . a . u . b .  2 3  n 2
h g - r ) ,  8 . 1  ( 1 2  n 2  h a - r )  a n d  1 0 . 0  c n  ( 0
n2 ha- l ) .  These d l f ferences are of  no
practlcal lnterest. Ilowever,
subsequent knowledge (Abbott aod

LoDeragan 1984b) lndicates that
Llgnotuberous seedlings may have been
less approprlate to use than ground
coppice.  In  a Queensland forest ,
complete removal of overwood resulted
ln an average height lncrease in
lignotuberous seedlings of 120 cm two
years later (Henry and Florence 1.966).

Another experlment (Klnber,
unpublished data) has shown that
thinnlng does not alter the phenology
of diameter growth; 1.e. growth does
not extend more into the sumer
per lod.

Thinning the number of coppLce
stems per stool to one or two steBs
has no appreciable effect on gxowth ln
helght or diameter (Chandler 1939;
Bednall 1942; Abbott and Loneragan
L982). This may be because nost
copplce is in overstocked stands.

of Glbberelllc Acld on

Whether gibberelllc acid
stimulates the development of advance
growth was investigated by Klmber
(unpubllshed data). Ten lnclpient
ground coppice (c. 50 cn tall) ln each
of four treatxnents were rnarked in
Anphlon block in August 1964, The
treatnents conprlsed control, and
spraylng in September and 0ctober wlth
a solutlon containl.ng 50, 100 or 250
ppn of glbberelllc acld. Length of
the three longest shoots was measuxed
in August and Novernber 1954. The
total Lncrenent of these three shoots
over thtee nonths was 0.8 cm
(contro l ) ,  6 .9 cm (50 ppn solut lon) ,
11.9 cn (100 pprn)  and 19.8 cn (250

PPN) .

The Effect of Yerti

The use of  fer t l l lzers to
increase growth of existlng eucalypt
forests ls relatively recent; the
t reat lse by Jacobs (1955)  does not
mentlon the subject. In Western
Australla, howevei, lnterest ln uslng
fer t iL lzers extends back to the 1930s.
Thls was prompted by the personal
research ln terests  of  T.N.  Stoate and
the extreme nutrient deflcLencies of
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jar rah forest  so i1s.  This  la t ter
factor ltas one reason the forest was
not cleared for agrlculture last
century.

(a) Early Researeh

Stoate (1953) revLewed the early
research and concluded that fertil lzer
dld not affect growth of j arrah trees
ln the forest. Unfortunately, it is
dtfficult to explain this because most
detalls, partlcularly the nutrient
compositlon of the fertll lzers, have
been lost .  I t  Is  a surpr ls ing
conclusion in the 1lght of subsequent
research.

The first experinent ( 1937)
tested Ca, P, N and K in llarvey and
Klrup Dlvisions. The next experiment
( ten t rees ln  each of  14 pai red p lots ,
Samson block, 1944) exanined the
ef fect  o f  addlng superphosphate
annuaLly (250 kg ha- t ) .  D.o.b.
increxnent (1947-54) averaged 0.27 and,
0.26 cn yr- l  on the fer t l l lzed and
contro l  p lo ts  respect lve ly .  In  the
third experlment plots wlth a surround
of  120 n x  120 m nere pegged out  ln
August 1952 in three stands of
4O-year-old jarrah regrowth near
Dwelllngup. Each plot was divlded
into nine subplots 40 n x 40 n in area
and a Latln Square deslgn was used.
Three treatmenta were applled ln
spr lng of  1952,  1953 and 1.954:  b lood
and bone manure (250 kg ha-l), potato
manure E (sane rate), and control.
Ten codonlnant trees were selected in
eaeh of the 27 p1ots, and thelr
d.o.b. rs  were measured in  August  1952,
January and August 1953, October 1955,
and I'ebruary and May 1956. Over the
four-year perlod there reere no
slgnlf icant dif ferences anong
treatments ln  d.o,b.  growth (s tand 1:
0 . 1 8 ,  0 . 2 6 ,  0 . 1 6  c u  y r - l  r e s p e c t l v e l y l
s t a n d  2 :  a l l  0 . 1 5  c n  y r - l i  s t a n d  3 :
0 . L 8 ,  0 . 2 2 ,  0 . 1 8  c n  y r - ] ) .  T h e  l a c k
of response to ? suggests that lt hTas
flxed ln a relatlvely unavallable forn
by the l-ateritlc gravels (Ilatch
unpubllshed data).

Bet\f,een 1958 and the present many
fertll lzer experinents wexe
establlshed, bu! nost of the results

have not been Irrltten up. Enphasls
has been on the response of seedlings,
a subject nore relevant to overcoml,ng
the resting stage of ground copplce
and stimulating dynamic sapling growth
than the response of poJ-e and plle
sized jarrah ln forest management.

(b) Experinents with seedllngs and
llgnotuberous seedlings

The flrst experiment on the
nutritlon of Jarrah seedJ-ings was done
in a shade house at Dwellingup (van
Noort unpublished data). The upper 15
cm of  jar rah forest  so i l  l las used.
Seed was sown in pots ln December
1958, but only one seedling was
retained 1n each pot. A randonlzed
complete block deslgn was used, with
12 treatEents each replLcated thrlce
ln three blocks. Superphosphate and
compost were mlxed into the soil of
the appropriate treatments before
sowlng. The Llght dressl.ngs of N and
K were appl ied as 1.8 g/pot  for  the
flrst four weeks after the developnent
of the first palr of true leaves.
Ileavy dresslngs were glven as 7.1
g/pot  tn i t ia l ly  and then as 1.8 g for
each of the fout subsequent neeks.
Seedlings were well watered throughout
the experlnent.

Thl-s experlment showed clearly
(Table 13) that N and P have a
posltive lnteractlon. Jarrah
seedllngs gren nost rapidly when both
N and P were app1led. There was
l l r t le  response to N,  NK or  PK ( the
heavy dresslngs of N, P and K were
evldently toxlc, as seedlings elther
dled or shosed no growth response).
The nal or deficiency of thls
experiment is that no explanation was
glven of the quantlties of fertll-izer
added.

The second experiment (Klnber,
unpublished data) was more ambitlous,
but the above deficlency applled
agaln. Topsoll (0-30 cn depth) fron
Holyoake block was passed through a 12
m sleve. Tefl Janah seeds were sown
in late August 1967 directly lnto pots
(15 cn top dianeter), and covered with
a 6 nm layer of vernicullte. Slx
weeks Later seedlings were thinned to
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Table 13

jel lah seedrrnss in Fot exlelhent.

hd heieht (a)

the fertil"lzer application and thelr
total helght and oven dry shoot and
root weights meastlred. FertLlizers
used were:

0.75 g NHaNO3 (34 per
per  pot

1. 15 g Ca (H2POa) 2.2ld20
cent  P)

0.6 g K2 SOa (45 per
Per  PoE

cent N)

(23 per
per Poc

cent K)

3/pot .  Fer t l l lzers were appl ied as
top dresslngs eight weeks after
germlnatlon. Sufficlent lrater was
applled fron above to ensure entry of
the fertll izer to soil but not to
leach the fertl11zer.

A factorlal deslgn was used,
test ing N,  P,  K and a t race e lement
mlxture at tno levels (present or
absent). Four replications were used.
Plants were harvested 14 weeks after

Trace e lenents appl led were:  0.1
Elpot of a mixture of magneslum
sulphate (70 per cent), Eanganese
sulphate (10 per  cent) ,  z inc su lphate
(10 per  cent) ,  copper  su lphate (4 per
cent) ,  cobal t  ch lor ide (2 per  cent) ,
sodium borate (2 per cent) and sodlum
nolybdate (2 per  cent) .  These
quantities were chosen on the basis
that they nould certainly ellclt
gronth responses (Kinber personal
comunlcatlon*).

P. C. Kinber - Department
Como.

Of CAI,M,*

Table 14
h or jarrah seedlbss

{cD)

;
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There was an overwhelnlng growth
response to N and P (Tab1e 14) .  Most
of this growth rrTas ln the shoot and
not  the roots.  N by i tse l f  depressed
height growth but increased total
seedl lng weight ;  P by l tse l f  depressed
both helght and total weight. The NK
interactlon was of minor lmportance
when conpared rr,lth the NP interactlon.
There was little response to trace
elements,

However, thls j-s expected because
N and P were lirnlting. If the
experlment were repeated wlth adequate
levels of P and N, a response in
growth to trace elements may become
obvious .

Kinber (unpubllshed data) then
exanlned the ratio of N:P glving
maxiuum growth of j arrah seedllngs.
Most of the xnethods were as described
above. N and P were applied eaeh at
f ive 1eve1s:  1,  Z,  4 ,  8  or  16 uni ts .
One uni t  o f  N = 0.05 g of  NH4 NO3/por
(0.017 g N)  and one unl t  o f  P = 0.075
g  C a  ( H 2 P 0 a ) 2  . 2 H 2 0  ( 0 . 0 1 8  g  P ) .  A
factorl.al deslgn with each courbinatlon
replicated three times was used.
Seedl lngs were sotn in  August  1968,
fer t i l izer  was appl ied in  October  1958
and the seedlings were harvested 12
weeks af ter  fer t i l izat lon.

Plant response (Table 15) to
elther elenent Lras general-ly greater
at the hlgher leve1s of the second
element. Growth depression at a
constant P Level to lncreaslng N
concentration \ras also sonetlnes
evldent .

In the Last decade the study of
seedli.ng growth under glasshouse
condltions has been reflned (Wa11ace
1978;  Mathte 1981;  De1l  and Jones
unpublished data). A grosth response
curve to applled P was worked out by
Wal lace (1978) ,  us ing s lx  levels  of  P
( P o ,  0 ;  P 1 ,  0 . 2 6 ;  P z ,  0 . 5 3 i  P g ,  0 . 7 9 ;
P a ,  1 . 0 6 ;  P 5 , 2 . 1 1 ;  P 6 , 3 . 1 7  g  o f
P/pot). Maxlmum grolrth of sten +
leaves occurred at  P5;  P5 depressed
growth.

N applied as NH4 N03 at three
rates increased the weight ,  he ight ,
nunber of leaves and leaf area of

Table 15

croeth of jarrah seedlings in pots in
shadehouse aL va! ious N:P rat ios.

Mean oven-alry weight (g)

Pt

2 . 2 0

2 . 6 3

2 . 4 3

3 . 0 9

2 . 7 9

P2

3 . 1 5

2  - 4 5

5 . 5 3

2 . 2 5

ANOVA

4

2

L 6

4 8

74

P4

2 . 7 5

2 . 6 0

3 . 0 1

5 . 9 0

4 . 4 3

P t e

N1

N, ,

N8

Nts

2 . I O  2 . 3 6

1 . 3 8  2 . 7 9

4 . 5 5  4 . a 8

6 . 2 5  9 . 3 7

9 . 9 8  1 0 . 8 3

N

P

blocks

N x P

N x P x b l o c k s

Totaf

s igni f icance

<  0 . 0 0 1

<  0 . 0 0 1

>  0 , 0 5

<  0 . 0 0 1

>  0 . o 5

jar rah seedl ings (Marhle 19 81)  .
Shoots grew relatively more than
roots.  Subsequent ly ,  Del1 and Jones
(unpublished data) studled the effect
of  P and the ef fect  o f  N (separate ly)
on growth (dry wetght) of the shoot,
l lgnotuber  and roots of  jar rah
seedlings. At a constant supply of N,
the shoot, llgnotuber and roots
Lncreased with increaslng levels of p.
In contrast, at constant P, only the
shoot increased ln dry weight with
lncreaslng N supply. Growth of the
llgnotuber and roots becane less rapld
at greater levels of N. These three
recent studles confinn and extend the
early finding that jarrah seedlings do
respond to fer t l l lzer .

Probably one of the most relevant
fertil izer experl-nents yet tried for
jarrah exanined shether the long
restlng lLgnotuberous stage could be
bypassed upon the appllcatlon of
fertil lzer and grow dlrectly into the
sapllng stage (Kimber unpubllshed
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data). The seven treatments (Table
16)  were each repl icated f ive t lnes,
hTith ten plants per treatment. The
NPK rat los refer  to  quant i t ies,  by
weight ,  o f  (Nl lq)z  SOa (20 per  cent  N) ,
rslngle superphosphate (20 per cent P2
05)r ,  and K Cl .  Fer t l l izer  was
applied (28 g/plant) within a 30 cn
radlus of each lignotuberous seedllng
in June 1965. Growth trras measured ln
June 1967.

Varying the level-s of N (first
three treatments) or K (treatments
4-6) did not produce aay useful growth
response (Table 16) ,  n i th  a l l
fertlllzex treatments showing an
increment of about one-thlrd nore than
the control-. 0n1y fertllLzer
treatment No. 5 led to the deveLopment
of a greater proportion of domlnant
shoots than the contro l  (P < 0.05,  X2
test ) .  The fer t i l lzer  may have had
more effect on lignotuber and root
growth rather thatr on shoot gronth
(Chapln 1980) ,  but  these features were
not  s tudLed.

The effect of P and N on
lignotuber slze of eucalypts does not
appear to be consl.stent betrreen
species, with some lncreaslng and
others decreasing ln slze after
fertll lzatlon (revlewed by Jahnke et
a-2.  1983) .  In  jar rah seedl lngs,
increasing N Ln the presence of P, or
increaslng P ln the presence of N

Lnereases ll"gnotuber grorrth (Del1 and
Jones unpubllshed data).

(c) Experlments ln pole stands

From the point of vlew of forest
management, the most useful
experinents (Klnber unpublished data)
were perforned on high quality stands
of  pole-s ized jar rah.  In  the f l rs t
experlment, NPK fextlllzer was applied
to thinned and unthinned standa, and
ln the second the perlod of response
to li[PK fertil izer rras assessed
annually for up to four years after
fer t1112at lon.

An even-aged regrowth stand c.
35-45 yr old and of codorninant height
2O-25 n nas selected for study in
l{olyoake block. Slngle trees were
t r e a t e d  a s  p l o t s ,  n a t c h e d  f o r  d . o . b . ,
leaf and floral developnent and
separated by at  least  12 n.
Fertil lzer (NPK) was spread evenl.y
trithin a 4 m radlus of the base. A 23
factorial design was used, with six
repllcations, glving a sample size of
48 t rees per  t reatment .  D.o.b.  ranged
from 17.8 to 45.3 cm, wl th nean of
30.7 cn. The study rras done in two
stands,  one contro l  wl th  b.a.o.b.  o f
33.0 n2 ha-l and the other thinned to
b . a . o . b .  o f  1 3 . 2  n 2  h a - l  .  D e t a l l s  o f
fer t l l lzer  levels  are:  N,  0 or  560 kg
tra-l (ura)2 Soa (21 per_cent N
equivalent_ro 112 kg ha r  N) ;  ? ,  0  or

I t?9 tg ha r  superphosphate (112 kg
h a ' P ) ;  e + d  K ,  0  o r  1 8 7  k g  h a  I  K 2 S 0 a
(78 kg ha-r  K) .

D.o.b.  o f  t rees l ras measured
f i rs t  ln  August  1956,  and fer t i l lzer
was added ln August 1967. The
b.a.o.b.  Lncrements have been adjusted
accord ing to the nean b,a.  o f  the
stands (Table 17). Crown density was
rated visually ln Septenber 1970 by
five observexs. Crowns were scored as -
I  (dense) ,  2  (nediun) ,  3  (sparse) .
These scores sere sunmed for all trees
per treatment.

None of the unthlnned treea
showed increased b.  a.  o .b.  growth
(Table 18) .  In  rhe rh inned stand,
only the treatments N, NP and NK
showed increased growth. In both

Tabte 16

Effect of Nrx feltil ization on shoot qxo*th of
the jarrah lignotubelous seedlinq.

3 0 . 0  ( 3 6 )

? 5 . 7  ( 3 3 )

31 .0  (44)

? 9 . 5  ( 3 5  )

55 ,6  (29)

a4

9 2

1 7

(a) In ar1 cases the lunbe! of plants pe! tleatnent ras
o l ig ina l1y  50 .

N:P:K ra t ios  a re  {e igh ts  in  ouDces (1  ounce =  26 .4  s ) .

-46-



stands, the NP and NK treatnents had
the densest crowns ' but the N
treatments rrere xated llttle
dlfferently from the control. Most
important ly ,  however ,  n l t rogen
(whether l"n treatment N, NP or NK) was
the only  e lement  increaslng b.a,o.b.
grorr th .  D.o.b.  lncrenent  of  t rees
wlth or lrlthout nitrogen fertll lzer
for  each year  f rom 1966 to 1974 (F ig,
17) shows that the reaponse to N is
greatest trro to three years after
fer t  i l lzat lon.

The dlfferences ln gro$th
response rr'ith thinning are probably
related to increases in nTater
avai1ablllty after thlnnlng. Several
lines of evldence support this
lnference. Flrst, lratering j arrah
seedlings every day leads to a
threefold increase ln dry weight over
seedllngs watered the flrst day and
later  only  af ter  l r i l t ing (Rtdge 1980) ,
Second, on the Srran coastal pJ-aln the
growth of Pinus pinaster over sulmer
is governed largely by stand denslty,

Table l7
G!@th lesponse of jallah !E1es to N? (1:1) feltiltzer.

b.a .o .b .  s ro f , th  (a )

1959-71

b . a . o . b . g ! @ t h  ( a )

control (n: ha-l)
(c) 7969-73

2. 5? kg ha-r ulea + 1?5 kq ha-r dolble supelphosphate

3 .  1 3 4  "

4. 269 "

5 .  5 3 4  '

5 .  1075 "

7. 2754 " " 5600 .

0 . 6 5 3

1 . 0 2 5

1 . 2 7 2

1 . 5 8 6

1 . 3 5 1

1 0 . 3

'  r 4 2 . 9

1 0 5 . 9

\ . 1 6 2

1.903

2.582

3.234

3 . 3 3 2

6 . 2

2 7 . 1

3 7 . 3

4 6 . 9

1 3 3 . 4

744.4

( a )  a d j u s t e d  a s  f o l l o r s :  ( n e a s u r e d  b . a . i .  x  m e a b  p l o t  b . a . / l n i l t v i d l a t  p r o t  b . a . )

Table 18

Effect of fertilizer on basal area growth and
crorn densi ty of  jarrah poles.

Mean b-a.o.b.  gror l " th (n2)
per tree (over 4 year:s) Crown density rating (!)

Eertilizer
treatment Thinned trees Unthinned trees Thinned trees Unthinneai trees

control  O.0O81 0 . 0 0 4 7

2 3

3 3

35

13

29

2 7

30

2 1

34

10

1L

29

18

N 0 .0111  (a )  0 .0069

P  0 .0073

K  0 .0066

0 .0062

0 .0041

NP 0 .0115  (a )  0 .0070

NK 0 .0128  {a )  0 .0071

P K  0 . 0 0 7 5

NPK 0.0090

0 .0060

0 .0076

(a )  1sd  -  0 .0025  (P  =  o .os ) .
(l) the lo\rer the rating. the denser the crown.
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Figure 17
D.o.b. growth of fertilized and unfertilized jarrah in unthinned and thinned stands over eight yeals.

whlch controls the rate of exhaustLon
of stored a'ater (Butcher 1977; Butcher
and llave1 1976). ooce the llniting
factor of nater is allevlated through
thlnnlng, the next factor most
llniting, the suppl-y of N, comes lnto
play .

The nature of the response curve
of jarrah poles to NP lras investigated
next (Kixnber unpubllshed data),
Twenty one plots (0.16 ha) were marked
out 1n August 1969, and a randonized
complete bJ-ock deslgn of seven
treatments each repllcated thrlce was
used.  A stand of  45-year-o ld Jarrah
poles,  th inned in  1965 to 15.8 n2 ha- l
was selected.  D.o.b.  o f  t rees hTas

rneasured ln a central 0.04 ha area of
each plot. N was added as urea (46
per cent N), and P as double
superphosphate (17 per  cent  P) ,  such
t h a t  t h e  N : P  r a t l o  w a s  1 : 1 .

Tlro years after fertll lzat|on,
basal area growth lncreased wlth
lncreaslng fertillze'r appl-1cation,
except at the hLghest rate (Table 17).
After four years, ln contrast, basal
area grorrth i-ncreased with increasing
level of fertll lzer, though the rate
of growth became less rapid at the
highest  rate tested.  Maxlnal  b .a.o.b.
growth could therefore be obtalned
wlth a mlxture of urea a.d double
superphosphate applled at 1075 kg ha-l

0 . 1 6
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Table 19

D.o.b. (cm) increnent of jarlah poles after
fer t i l izer  (nean of  3 b locks).

(see Table 17) r959-70 1970-t

Period

1971, -2 n .  a .  i .

1

2

3

4

5

6

7

0 . 3 6
o . 2 a
0 . 3 8

0 . 3 6

0 . 4 3

0 . 5 1

4 . 4 4

o . 3 2

0 . 3 0

0 . 4 0

o . 4 4

0 . 7 3

0 . 8 8

0 . 6 1

0 . 3  7

0 . 3 4

0 . 4 0

0 . 3 9

0 . 7 0

0 . 7 9

0 . 8 3

0 . 3 6

o . 2 4

o . 3 2

o . 2 6

0 .40

0 . 5 3

0 .55

1 . 4 2

1 . 1 6

r . 5 0

1 . 4 5

2 . 7 2

2 . 5 4

0 . 3 6

0 . 2 9

0 . 3 7

0 . 3 6

0 . 5 7

0 . 6 8

o . 6 4

and 2800 kg ha-l respectl-vely. In all
but  t reatment  1,  d .o.b.  grorr th  rate
declined raptdly four years after
fer t i l lz ing (Table 19) .

The flnal experiment (Kimber
unpubllshed data) ained to deternine
horr xnuch P Ls requlred rrith N
fertlLLzet to obtaln an N x p
lnteractlon, and how nuch K 1s
requlred with N fertil izex to obtaln
an N x K interactLon. The exlstence
of the N x P and N x K lnteractlons
was estabLlshed ln an earller
experiment. A randonlzed conplete
block deslgn was used, hTith ten
treatnents. Each treatment consisted
of  15 t rees st rat l f ied so that  each
contained equal representation of the
r a n g e  o f  d . o . b . ' s .  E a c h  t r e e  w a s  a
codonj.nant pole, at least 12 nn fron
the next selected tree, In a thlnned
pole stand ln PlavLns block.
Fertll lzer (TabLe 20) was added i.n
August  1971.

Trees in four of the treatments
grew s lgnl f lcant ly  faster  in  d.o.b.
than the control (TabLe 20): these
treatments were N alone, and three of
the four NK conbl-natlons. There was
no slgnificant N x P lnteraction,
posslbly because the quantlty of p
added rras lnsufficlent after becomlns

f lxed ln  the la ter l t ic  so l l .

The above experiments indl-cate
that nLtrogen ls the nutrient most
linltlng productlvlty of the Jarrah
forest. Thls concluslon accords wlth
other  s tudles (Beaton 1973;  Ml11er  and
Cooper 1973;  Weetman and Hi l l  1973;
K e a y  s 2  a l .  1 9 6 8 ;  B a l l a r d  1 9 7 9 ) .  Y e t ,

Table 20
D.o.b. slowlh of lallah poles ferrilized at

constant N level but at variorB leveIs of p or (.

i l .o .b .  lnc renent  (@) ,
July 1971-Febnary

teae
nerg Pso

444 - 172
*44a P zz4
Nlle P44e

*lng K5o

N44g Ktt2

Na4g K2za

"qae *al"

5 . 1 6

7.09  ( t )

6 -74

6 . 6 0

6 . 2 5
'1 .29  (b )

6 . 2 7

1 .54 lb)

7  . 3 1  ( b t

(a) N44g = 44s kg ha-l of u!ea.

(a) P56 - 56 kq ha-l of itouble supelphosphate.

{}) signtlicantty ditfelent froh contlot (DucaD's
nultipte lange test).
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it is surprising that N is nore
linltlng than P even though the soils
of the jarrah forest are extreuely
deficient in P. Although the annual
li-tter fall is ln the order of
2000-3500 kg ha-] , the average reEurn
of N, P and K to the forest floor is
only  about  13,  0.7 and 5 kg 6a- l  ya- l
respecr ive ly  (Hatch 1964) .  Thus the
loar natural growth rate of Jarrah Ls
probably an important tralt which
reduces the annual nutrient
requl rement  (Chapln 1980) .

The ef fects  of  N fer t i l lzer  on
Jarrah are not greatly different fron
those descrlbed for other species
(Russel l  1973) .  P lant  specles wiL l
only nake efficlent use of N
fertll izer if the supply of lrater is
adequate. A thlnnlng of forest is
effectlvely an irrLgatLon, N pronotes
Ieaf growth and hence the size of the
crorrn, thereby increaslng the surface
area avallable for photosynthesls, and
reducing the root/shoot ratlo of the
plant. Fertll izatlon should reduce
stem taper as a result of increased
wood productlon below the crolrn. In
contrast, trees ln thlnned stands
generally lncrease in taper. llorrever,
no specLfic lnfornation about these
treatments on taper of j arrah ls
available.

The efficacy of a conblned
thinnlng and fertil-izlng of J arrah
forest agrees wlth other folest
studies. Fertll lzatlon nlthout
anelioratlon of any non-nutritional
llnltlng factor results ln 1itt1e
growth response (Bal1ard 1979) .  The
short terr growth response of Jarrah
to N fertil izer also conforns wlth
worldwlde experlence (Auchnoodv and
F i l 1 p  1 9 7 3 ) .

Any operational use should
therefore conprlse frequent, snall
appl lcat lons.  At  present ,  rout ine use
of  N fer t l l lzer  ln  the jar rah forest
is consldered unecononic (Hingston et
a7. L982). Recelt enphaels is on
inprovlng the biologlcal flxatlon of
N2 (rslth Acacia species) and the
re-cycling of N (Grove and Malai czuk
r 9 8 0 ) .

Growth Potential o

Thls sectlon collates several
examples of jarrah growing under
speciallzed conditlons, partlcularly
wlth no overstorey competitlon or
restrlctlon in growlng space. I,/hen
the raihray r{ras extended fron piniarra
Eo Dh'e111ngup ln 1910, sone 5arrat
forest ln Itolnes block was cleared and
part of, the so1l was used to ballast
the line. Presunably soon after, seed
dispersed fron adj acent forest and
gerninated. In 1981 we measured the
d.o.b.  o f  a  sample of  t rees.  Mean
d.o.b.  o f  ten codoninanE Erees hras
25.8 cn ( range 17.9-33.5)  and of  two
domLnant  t rees 38.8,  The n.a. i .  o f
these two c lasses ts  0.36 and 0.55 cn
y r ' r e s p e c t i v e l y .

The d.o.b.  o f  a  large t ree
(doninant, free-growing) ln the park
between the raifuray line and
Divlslonal Forestry l{eadquarters at
Dl'ellingup vas measured in 1948, 1956
and 1983,  C.a. i .  was calcuLated as
1.1 cn yr- l  (1943-56)  and 1.0 . ,  vr - l
(19s6-83) .

A  l a r g e  t r e e  ( d . o . b .  1 1 5 . 0  c n )
growlng ln pasture near plnjarra
showed c.a. i .  ln  d laneter  of  1 .5 cn
y r  '  ( S t o a t e  1 9 5 3 ) .

Jarrah planted rrith E. microcorus
ln the Jarrahdale No. 2 nlnesite in
1971 at ta ined nean helght  of  13,5 n
a n d  m e a n  d . o . b .  o f  1 9 . 0  c n  b y  1 9 8 3  ( J .
Kaye personal- communicat lon*) . Jarrah
has also been grom in the IngJ-ehope
arboretum, lrhere it was planted as
one-year-old seedllngs about 40 cn
talL at 2 rn spacing in June 1965 and
f e r t i l i z e d  w l t h  N p K  3 : 6 : 0 . 5 .

We reneasured all trees tn l9g3
except those 1n the outer trro rorss,
and found the fo l lowlng mean d.o.b. rs :
dominant  (23.0 cn,  one t ree) ,

J. Kaye - Departnent of CA 'I,
Bunbury.
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codoninant  (19.7 cn,  f ive t rees)  and At  the age of  21 years in  1961,
sub-dominant  (15,9 cn,  e lght  t rees) .  the d.o.b.  o f  these t rees was 42.1 cn
Mean codoninant height after 18 years and. 27.7 cm respectively.
was 13.8 n.  Most  t rees had poor  forn.

The data presented above tndlcate
In another plantlng (in Teesdale that under optinal condltions jarrah

block), one-year-old seedllngs (nean can grow in dianeter at a rate of l-2
height 18 cm) were planted in June cm per year. It \sould therefore take
1966 and fer t j - l ized in  August .  Mean about  35-70 years for  a t ree of  70 cm
height  in  Ju ly  1967 and 1968 was 39 cn d.o.b.  to  be grown,  In  the h igh
and 1.2 n.  S ix ty  jar rah seedl ings at  qual l ty  forest ,  wi thout  any specla l
the age of one-year transplanted ln silvicultural treatment, it takes an
1941 frora forest into the East Kirup average jarrah some 400 years to
nursery when 8 cn ta l l ,  a t ta lned a at ta in th ls  d.o.b.  (Abbot t  and
height of 1.5 m and dynanlc sapllng Loneragan 1983a). If faster growlng
habi t  nr i th in  three years.  These t rees only  are considered,  th ts  d.o.b.
plants were nanured and watered is reached after 200 yearsr growth.
regularly, and were spaced at 2 m If pole stands (\rith average d.o.b. of
interval-s. The helght growth (n) of 30 cn) are thinned, d.o.b. of 70 cro
the two nost rapldly growLng trees was would be attalned after about 100
as f oll-ows: years (Abbott and Loneragan 1983c).

We draw attentlon to the lack of
L943 1944 1945 1946 1956 1961 j.nfornatLon avallable on the tlmber

rree I 1.s 2.6 3.3 3.7 15.s 20.4 lil?:l:*"r::,1;'::1":'?Hu"1,.,
Tree 2 I  .2  2.  0  3.5 4.  i  15.  6 18.9 d l f ferent  provenances)  .
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Reproduction and Stand Establishment

Flowerins. Frult and Seed Fall

The prlnordla of the flower buds
appear in the axils of the nelr leaves
followLng leaf naturlty about January.
Most of these buds are cast off whlle
lnmatuxe between the annual growth
flushes. Annual repJ-acenent takes
place. Every four to six years
condltlons favour the refentlon and
development of the prlnordia. In such
cases, flowerlng occura in sprl-ng or
early surnner gome ten months after
fornatlon of the buds (Stoate and
Wal lace 1938;  Loneragan 19 61)  .

In the forest, flowering does not
occur until the sapling stage ls
achleved. Not surprlsLngly, under
artLflcal condltLons of cuLtlvation
and fertll lzatlon, flowerlng may occur
Islthin three years after pLantlng
oae-year-old seedllngs (O. Loneragan
personaL observation) .

Publlshed records of the
fJ-owerlng perLod are few. Thls lras
recorded as October to Decenber (von
Muell-er 1879-84), october (Lane-Poole
n.d. ) ,  Septenber  to  Decenber (Harr is
1956), and Septenber to January (Snlth
1969). We exanlned the speclmens of
Jarrah held ln the Westeln Australian
Ilerbariun, and found that buds or
flowers were present as follows:
June,  I  case;  Ju ly ,  1 ;  August ,  3 ;
September,  5 ;  october ,  6 ;  Novenber,  6 ;
December,  6 ;  January,  1 ;  Apr l l ,  1 .
The perlod of flowerlng varles from
dlst r lc t  to  d ls t r lc t  (Stoare 1953) .
We have observed flonerlng on the
coastal plaln ln Septenber and
October, whereas ln the Darllng Range
lt ls generally later (Novenber and
Decenber) .  Most  t rees ln  a d is t r lc t
flower at the same tlme.

Polllnatlon has not been studied,
but presurnably ls effected by lnsects.

CHAPTER 8

The flowers develop into fruits
(Frontlsplece) durlng the followlng
year. The seed rlpens over the
rrinter, being lmnature but viable the
following Aprll, and mature by
September, that ls about one year
after flowering (Klnber 1983).
Accord lng to Lane-Poole (n.d. ) ,  no
general seed years occur Ln the jarrah
foxest; thls is typlcal of nany
eucalypts. Jarah seeds about every
four years by dlstricf (Lane-Poole
n.d. ) ,  a t  least  every three years
(annuaT Report 7925), every five to
s1x years (Meachen 1962), or every
four  to  seven years (Stoate 1953) .
Iieavy seedlng is associated rrlth loss
of leaves from the crowrt. Durlng one
year of heavy flowerlng, one tree Ln
four was recorded as carrylng abundant
b lossom (Loneragan 1956) .

Mature stands, as would be
expected, produce a greater proportlon
of  f1ora l  l l t ter  (opercula,  buds,
stanens, frult and seed) than younger
stands (Hatch 1964) .

The naln branches, whlch contlnue
leafy growth, tetaln capsules for
several years before sheddlng the
seed. Otherlrlse seed ls shed
naturally 1n the sumer two years
after lnltlatlon of the flower buds,
but can be tnduced by flre to fal1
ear l ler  ( ln  la te spr lng) .  The seed
falls shortly before all leaves are
shed fron the branchlets to iThlch the
fruits are attached (Stoate and
Wal lace 1938) .

The phenology of reproductlon in
jarrah was lnvestigated by both van
Noort (unpubllshed data) and Klnber
(unpubl lshed data) .  Three t raps (0.9
rn x 0.9 n) were fixed lnto posltion
beneath Jarrah forest near Dwelllngup
(van Noort unpubllshed data). Each
tree ln the stand carrLed a good crop
of frult fron the 1958 flowerlng. The
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Tabte 2l

Mean nunber (mean of three traps) of floral parts of
jarah in traps, Noveniber 1959 to July 1960.

1959
Nov. Dec. Jao. Feb. March

1960
Apr. uay

Seetls

Flowers +
itunature fruit

opercula

ljuos

1 . 0

LL.7

3 5 . 0

0

1 )  1

12.O

0

0 . 7

0 . 7

0

1 . 0

2 , O

0

0

2 L 9 . 7

0

1 . 0

o . 7

9 4 . 7

o . 7

1 . 0

0

0 0

0  2 . o

0 0 2 . 7

44.3  62 .0  56 . '7

Tabte 22

seeil fall (1964-1969) in ttrree stands of jarrah forest nea. D{eulngup.

Mean nubber of sound seed

faUing to

9round
Locarity yea! (August-lray) tn capsures ranoo"uno" nu-1) sE Fire history

1964-5
65-6
66-7
67-a
5a-9

1964-5
65-6
66-7
67-a

1964-5
65-6
66-7
67-A
68-9

1 9 . 1
0
o
0
0

1 3 , 6
0
0

3 2  - 7
0

5 . 4

322.7
40.2

443.7
564.7
3 3 . 6

1 0 0 . 7

1 1 4 . 3

1 2 1 . 0
14t.2

104.6 scorching fire 1965
3 4 . 3

1 4 9 . 9
155-6 sprtnq 1967

44.9
1 0 5 . 9

sprlnq rybb
4 . 9

4 0 . 0
91.9 sprins 1965

5 0 4 . 4
! 2 1 . 9
151.4 6p!in9 196a

0  3 8 3 . 2
o  2 a 2 . 5
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seed was determined to be vlable in
Septenber 1959, ten months after
flowering.

Most seed fal1 occurred from
January to March (Table 21). The peak
of the 1959 flowering season was ln
Decenber. The large number of aborted
buds from the 1960 season, shed nostly
ln March and April, lndlcated that the
1960 flowering season was to be a
sParse one.

A nore detalled study (Kinber
unpubllshed data) examined seed fal1
ln three stands (p1ot  sLze = 2.0 ha) .
Four transportable seed traps (0.6 n x
0.6 n) were re-aited randomly wlthln
each plot at nonthly intervals.
Because the study by van Noort (above)
showed that seed fal1 was negllgible
fron May to August, the traps were
removed then. The stands were chosen
to ref lect  d l f ferences ln  s t ructure.
The one at Banksladale conslsted
largely of veteran trees wlth fe!r'
poles. The Plavins stand was a
40-year-old pole stand wlth a lolt
densl ty  of  veterans ( .  t0  hu- t1.  *
all-aged stand, consLstlng of po1es,
pl1es and veterans, nas selected at
Anphion.

Over the perlod of study, the
amount of seed fal-L varled fron 20 000
to 850 000 sound seed ha- i  ( tab le 22) .
The vast najorlty of seed was rel_eased
frorn the capsules, and dld not fall to
the ground while stil l_ withln rhe
capsule.

The effect of fire on seed fall
was studled by van Noort. In Teesdale
block, the crowns of three jarrah
trees rrere scorched by flre. For trro
of these, seed shed began only four
days after the fire al-though roost was
xetalned unt11 25-30 days after the
flre. The other tree shed few seeds.
Another tree whose cro$n was not
scorched also shed few seeds. The
control tree (no flre) shed no seeds.
Slmllar results were found fron a
study lD Banksiadale block. Foresters
have always used fire to lnltlate seed
shed ln regeneratlon burnlng
(Underwood personal comunlcatlon*).

Although the nechanlsn of seed
release has not been studied 1n jarrah
(see Crener  1965) ,  dry ing out  of  the
capsule ls lnpllcated by the effect of
f l r e .

Llttle precise lnfornation ls
available about the dlrection and
dls tance of  seed d lspersal .
Lane-Poo1e (n.d. )  asser ted that  seed
reaches a dlstance along the ground
equal to the heLghi of the tree. An
experiment wlth an lsolated j arrah
tree 24 n tall ln a paddock (van Noort
unpublished data) couprlsed seven
trays set out along the ground for a
dlstance three tlmes the helght of the
tree. Unfortunately l-lttle seed fe11,
but seed did dlsperse at l-east as far
as the helght  of  the t ree.

Importan! factors affectlng seed
yield lncluded tree age, crown slze,
hreather, and seed-destroylng lnsects
(Boland et  a l .  1980) .  Wl th jar rah,
seed productlon may be related to age
(AnnuaT Report 7970), nith the mean
annual productlon of seed ha-l over
flve years betng 280 000 (55-year-old
pole stand), 353 000 (uneven aged
stands) and 90 000 (srand I'ith
veterans but few poles). Although
there are no data speciflc to jarrah,
the domlnant and codomlnant trees
should produce much more seed than
suppressed t rees (Jacobs J.955) .
UnseasonaL cool weather should
decrease the ef fect lveness of
polllnatots. The inportance of
lnsects as destroyers of j arrah seed
has a lso not  been studled.

-Ea!e pl Seed after Seed Fal1

The usual experlence wlth
eucalypts havlng snal1 seed ls that
only  0.1 per  cent  of  the v lable seeds
wi.ll produce establlshed seedllngs
( J a c o b s  1 9 5 5 ) .

R.J. Underrood - Department
CALM, Cono.
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Tabte 23

Loss of viabi l i ty of jarrah seed uni ler various
condit ions of exposure,

Placement of seed
Mean No. of sound seeds

renaining out of 100
original seetls (a)

(Range)

Under canopy, on bare ground (b)

, on 3-yr-o1tl l i tter

In the open. on bare grounal

" , on 3 yr o1d litter

4 9  . 7 (38-59)

(56-69 )

('7 7 -46)

(s2-85)

(a) 3 replicates. seed was placed in folest in fl]rwire envelopes from
.fanuary to April 1965.

(b) Burnt by fire the previous spring.

Does jarrah seed lose vlabllity
between seed fal1 and germination?
Klmber (unpublished data) collected
seed f rom t rees in  Teesdale b lock in
August 1965 and extracted the seed by
drylng the fruit in the sun. Sone 93
per cent of a sample of 380 seeds was
sound, as evidenced by presence of
endosperm. Samples of thls seed were
placed under varlous condltlons ln the
forest from January until April 1966.
When the seed was exanined, 93 per
cent  was st1 l l  sound (Table 23) .
Hence exposure does not dlnlnish
v iabi l i ty  of  the seed of  Jarrah.

The nost efflcient way to
estabLish the fate of  jar rah seed
after seed fall is to put known
nunbers of seed Ln varlous treatments
and score the gerninatlon. Such
experLnents are also helpful in
e luc idat ing the cr i t ica l  factors
promoting gerninatlon and seedllng
establ ishment .  Basica l ly ,  v lab le seed
on the ground can either gerninate
when conditlons becone sultable or be
eaten or danaged by aninals or fungi.
Kinber (unpublished data) investlgat.ed
this by placing seed on the forest

f loor  (1)  in  f ly 'wi re envelopes,  (2)  in
bird-wlre cages wlth a flywlre base to
al1ow entry of insects but not of
xnanmals, or (3) latd on a flyhtlre
tray, otherwlse unprotected. One
hundred sound seed were placed in each
of four repllcates per treatment on 4
January 1966. The number of seeds
renal-ning was counted on 19 April
1966; the nean being found to be least
(0.6)  ln  t reatment  (2) ,  ln ternediate
(18.5)  in  t reatnent  (3) ,  and greatest
(66.9)  in  the controL ( t reatnent  (1)) .
Thj.s experlnent showed that seed
predation is important, but inplied
that ants and manmals may co!0pete for
seed as ants removed more seed in the
absence of nannals.

Experinents by Majer ( 1982)
indicate that  50 per  cent  of  jar rah
seed placed in seed depots on the
forest floor is removed by ants within
24 hours. The principal specles
lnvolved Is Rhgtidoponera J-nornata
(Sochackl  1978) .  Other  exper lmenta l
studies (Abbott and Van Iteurck l9g5)
shokr that about half of the jarrah
seeds on the forest  f loor  nay be eaten
by animals, with ants consurnlng nore
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than mammals.

Gernlee!-194

Germlnation under artif icial
conditlons ls generally rapld, taklng
12 days (Lane-Poole n.d. ) .  An
experlment done in a shadehouse at
DweJ-lingup (van Noort unpubllshed
data) conprised slx repllcates' rvith
50 seeds per  repl - icate,  Seeds were
sown on 24 August 1965. The flrst
germlnatlon (at least 6 nm of radlcle
visible) was observed on 6 September
1965. Cumulative germinatlon was 21
per  cent  (16 Septenber)  '  57 per  cent
(22 Septenber) ,  83 per  cent  (4
October)  and 85 per  cent  (18 October) .
other germinatlon tests (van Noort
unpubllshed data) investlgated the
t lning of collection. Seeds were kept
ln the dark and moist but there was no
temperature control. One lot was
st la t i f led at  2 .8-4.4"C for  25 days.
Total gernlnatlon was not affected by
month of seed collection: September
1959 col lect lon 85 pet  cent '  October
1959 col lect lon 73 per  cent .
Strat l f lcat ion d ld not  af fect
gernlnation (Septenrber sanple: 96 per
cent  s t rat l f led;  85 per  cent  cont to l .
october sample: 83 per cent
st rat i f ied;  73 per  cent  contro l ) .
Both experlnents were begun on 2
February 1960.

Laboratory trlals (o. Loneragan
unpubllshed data) with constant light
and constant temperature of elther 20"
or 25"C produced gernlnation over 28

days of 47 per cent and 69 per cent
respect lve ly .  In  both cases the seeds
were soaked ln water for one day
before the experiment. Most
germlnatlon took place within 14 days.
A nore arnbitious experlnent compared
slx treatments:
(1)  20"c;  (2)  25"c;  (3)  seed soaked
for  one day,  20 'C;  (4)  seed soaked for
one day,  25 'C;  (5)  seed soaked and
strat l f ied for  5 weeks,  20 'C;  (6)  seed
soaked and stratlfled for 5 weeks,
25"C. Although final germlnatlon
ranged from 20 to 60 per cent, none of
the treatments differed slgniflcantly
from the control.

Ior routlne seed testing, Boland
66 21. (1980) recomended a constant
tenperature of  15o or  20 'C,  wl th  f i rs t
and last counts after 10 and 21 davs
respect ive ly .

None of the above reports hlnts
at any evidence of seed dormancy.
I{owever, clossop et a]. (1982) found
differences ln percentage of
germlnatlon aftex 2I days among three
treatnents:  contro l  42 per  cent '
soaklng ln water for 48 hours (19 per
eent) ,  and seed scar l f icat ion (3 per
cent). An earlier experlment studled
the breaking of dornancy in seed of
jarrah (Klnber unpublished data).
There were six treatnents, in whlch
seed was soaked for 24 hours before
sowing. Both inltial and final
gernLnat l.on lncreased wlth increaslng
glbberelllc acld concentration (125 =
41 and 13 respect ive ly ,  Table 24) .

Table 24

Effect of gibbe!€llic aciit (GAJ oD gebination of jatah

6eed. seett6 6M 6 itduary 196? (a) wiler glassholse coditions.

uean cenination (i)

3 leb. 27 feb. 2 Mar. 5 Md. 20 l.lar. 3 Ap!.

(1) D16t111ed rater

(2) 5 pI! ca ir at1st. rar€r

9 5 1  5 3

12 65 6-t

ra  72  15

25 17  19

10 75  15

55 5A

65 6 i

30  s t a l  a2

(3)  10

(4)  50

(5)  lOO

(6)  500

(a) Each tlearient cortlises 4 lepticates, eacb of 50 seeds.
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In the forest, seeds gerninate
fron May to August (Abbott 1984a).
Thls follows a drop ln temperature and
the start of the winter rains
(Lane-Poole n,d. ) ,  Germlnat lon occurs
vlrtuaLly anywhere - on ant heaps' old
stumPs ' toPs of d.ead Xanthorrhoea
preissiit forks of trees to name a few
of  the more bLzarre ( I -ane-Poole n.d. ) ,

Factors that are potentially
Lmportant in affectlng germinatlon of
jarrah seed include the nature of the
seed bed ( l l t ter  depth,  so i l  type,
anount of shade), fungl, competltion
from plants ln the forest, and adverse
weather condi-tlons. The part that
these factors play can be investigated
only 1n the forest. In the flrst
experiment (Ktnber unpublished data)
three treatments were repllcated seven
t imes.  Each p lot  was 0.91 n x  0.91 n.
The treatmentg were: lltter renoved
by control burn ln Sprtng 1965;
two-year-old litter; flve-year-old
l i t ter .  On 25 Apr t l  1966 15 ng of
jarrah seed (c. 300 seeds) was sown on
each p lot .

The total number of gerrinants
present on 24 November L966 was 267,
277 and 46 on no litter, 2-year-o1d
litter and 5-year-old litter,
respectively. Although this result
indlcates that flre facllltates
germlnation, the experiment rras not
well designed becauge it confounded
flre history wlth location
dl f ferences.

A later experlment exanined
lltter type and depth, shadlng, and
root  compet i t ion (Abbot t  1984a) .  None
of these factora signlflcantly
affected gerx0lnation of jarrah seeds.

gesg]1!e-EE!341-e!se4

Gernlnatlon ls oaly the flrst
step Ln the regeneration of a forest.
Next in ixoportance l"s the
establlshnent and growth of the
seedllngs. The observatlon (Aanua-l

neport 1922) that natural regeneratlon
of j arrah ls better developed auong
unburnt undergrowth than in forest
n'here patches of mlneral soll are
exposed ls difficult to explaln in the

ltght of later research. Although
gernl-nation was conceded to be more
plentlful on exposed soil, nortallty
during the flrst sunmer was observed
to be higher than where there was
cover of scrub and debrls.
Top-dispersal burnlng creates the
ashbeds which provlde the best
conditions for establishment and
growth. fhe effect of frost on
seedling establishxnent does not appear
to have been studied.

An early study (van Noort
unpubllshed data) used one-year-old
seedl ings ra ised ln  pots.  These were
planted in four localitles 1n openlngs
ln recently cut-over forest around
Dwellingup. Each study area rras
divlded lnto 20 nllacre pl-ots
separated by buffer strlps. Iive
seedlings rrere planted ln each ullacre
plot and trro types of treatmeDts were
app1led.

Three major treatments were
dlstributed randonJ-y over the 20 pl"ots
as follows: cultlvated (cultlvated by
hand uslng a mattock before plantlng
and also the followlng sprlng) - four
plots; cultlvated and fertil lzed
(cultlvated as above and fertll ized
wi.th compost and a 55 g dressl-ng of
potato nanure E flve weeks after
planting) - elght plots; control -
elght plots. The mlnor freatments
were applled to a portion of the
trj.al: partlal shadlng (wirh a
screen) - four plots; trenchlng (to
depth of 46 cn or rock) and watering
(every thlrd week during the flrst
sumer) - elght plots; and spraylng
with lnsectictde (in the flrsr sprlng)
-  four  p1ots.

The nLnor treatnents I'ere
ineffectual. At Clinton, most plants
nere defo l la ted by lnsects.
Cultlvatlon enhanced the survival of
one-year-old Jarrah seedllngs by the
end of both surmers (Table 25).
Fertil lzed seedlings grew faster than
cul t lvated or  contxol  seedl lngs.

Root conpetitlon fron trees in
the forest does not affect the
survlval of jarrah seedllngs, though
it reduces the helght attalned.
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Table 25
rstablishnent ard gro*'th of jalrah seedli.gs in ielation to

clltiwation and fertil izlng.

culrivated
l,ocality slnival (t) height (m)

Cultivated + ferttlized con*ol

suniwal (i) heiqht (m) sunival (t) heisnt (m)

25.4

3 3 . 0

47.9 a 2

5 5

65

20.3

25.4

3 0 . 55 5 . 9

52.7

Browslng by kangaroos or grazlng by
insects does not slgnificantly affect
height groq'th. Shadlng and the type
and depth of litter present do not
affect survival. Height growth ls
least for J arrah seedlings gror^7ing
arrong leaf lltter of A7l-ocasuatina
fraser iana (Abbot t  1984a) ,

Mortal-lty of J arrah seedlings
should be greatest in thelr first year
of life because the lignotuber has
only begun to develop. From then on
survlval is hlgh (Abbott and Loneragan
I984b) .  Because j  ar rah ls  a
l ignotuberous species,  l t  does not
depend sole1y on seed fa1l at the tlme
of regeneratlon. Ilowever, lf seed
trees are not nunerous, blanks in
regeneratlon will occur (I-ane-Poole
n . d . ) .

When jarrah forest is logged, the
natural regeneratl.on - llgnotuberous
seedllngs, seedling coppice, ground
coppice, sapllngs and poles - is
irregularly present on the forest
floor (van Noort 1960; Abbott and
Loneragan 1984b).  What  appear  to  be
seedlings a few years old could be
decades old, a sltuatlon slnilar to
that described for oaks (Merz and
Boyce 1956) .  As ln  nany other
eucalypts the aerial parts of jarrah
grow slowly ln contrast to lts roots.
once the tap root has penetrated to a
depth where moisture ls avallable all
year, the plant ceases to be dornant
and is then capable of developLng lnto
a sapling (Ktnber 1983). Stump

coppice and sometines stool coppice
develop rapid ly  af ter  logglng.  In
addition dlsturbance to the soil
surface and the advance burn prepare a
sol l  sur face weLl  su i ted to a seedbed.

The problen wi th nost  jar rah
forest is that where there is no
regeneration there can be a long delay
bethreen seeding and coDmencement of
sapling growth. In contrast, under
condltions suitable for regeneration
there nay be over  1.2 x  lOb jar rah
plants per  hectare (Meachem 1962).
The second growth forest consequently
becoues overstocked soon after
logging. The probable significance of
this large nunber of plants ls that it
ensures that sone survlve adverse
factors such as flre, drought and
frost .

The maln factor influencing the
establlshnent of trees in cut-over
forest is the amount and type of
advanced reproduction present. The
origln and densLty of thj,s probabJ-y
depends on nany factors, lncludlng
density of seed-beari.ng trees,
f requency of  seed product lon,  seed
thef t ,  s tand densl ty ,  understorey type
and denslty, and soil- type. Sone of
these factors could af fect  seed
survlval, seedllng establishnent and
eventual development of the llgnotuber
(Abbotr  1984b) .

In the southern j axrah forest
there ls conslderable slte varlatlon
ln gerninatlon and developnent of
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Jarrah to the early lLgnotuberous
stages (Ri tson* unpubl lshed data) .
There have been no conparable studles
in the nor thern jar rah forest .

Artif iclal Reseneration

Because of  l ts  cost ,  ar t l f ic la l
regeneration was consldered by the
Forests Departnent  (1927)  xo be a last
resort, to be used only where the
natural regeneratlon secured was
insufficlent to fully stock an area of
forest .  In  the 1920s the nethod used
was rspot sowingr, lnvolvlng sowing
3-5 seeds/spot  (c .  20 cn x 20 cn x 10
cn deep) wlthin three nonths of fire.
Spots rrere spaced c. 3 n apart. Many
cornpartments of j arrah forest rrere
then routinel-y spot sown with Jarrah
seed; this was quickly found to be a
waste of tlne because of the abundant
natural regeneratlon. This procedure
may have been adopted because the
developnent of the early stages of
jarrah was not underatood at that
t lme.

Durlng the last three or four
decades,  1 i t t1e ar tLf lc ia l
regeneration of jarrah forest has been
attempted. Replanting of
dLeback-affected areas has been with
reslstant eucal.ypt species. Ilowever,
1n the 1970s, jarrah was planted after
ninlng for bauxLte near Jarrahdale.
The procedure used was to plough the

laterltic soil and plant one-year-old
seedllngs grown in a nursery.
Fertil izatlon ensures that most
develop a dynanic shoot withln 2-5
years (Ki rnber  1983) .  Few of  these
jarrah are of good form, conforuing
with our observations of jarrah ln
arboreta at Grlmwade and Inglehope.

In the future, micropropagatlon
methods uslng tlssue culture (Bennett
and McComb 1982) will probably
supersede the technlque descrlbed
above. These jarrah wtll be
genetically resistant to phgtophthora
cinnanami -

Jgreb_jq!1eCeg_1ons

Jarrah has been grown ln
plantations ln Chl1e and the Congo
(Penfo ld and Wl1l is  1961) ,  South
Afr lca,  Tr ln idad and India (FAO 1979),
in Callfornla and Kenya (Zacharin
1978) and ln Tanzanla (Kinber personal
comunication*). It has usually
failed (FAO 1979), though ln rhe Congo
it lras stated to have glven rthe best
resul tsr  (Penfo ld and W1111s 1961) .
No quantltatlve details are avallable,
except that nean height of 16 n was
attained at age 8 years in Tanzania
(Kinber personal- conmunicatLon*).
I{owever, more than half of the trees
had been killed by the fungus
AtmiTTaria sD.

P, Kinber - Department
Cono .

0. Ritson, fornerly
Department  of  W.A.  ,

Forests
Manj lnup .

* . of CALM,



CHAPTER 9

Stand Description

The descriptlve features of Trees suffer little overlapplng
selected stands of jarrah forest of crowns, so that the canopy is
lnclude the nuEber of stems of jarrah easlly penetrated by light. Yet,
and marri present per hectare, the despite its openness, the total number
f requency of  the var lous d.o,b.  o f  t rees ls  h lgh for  a eucalypt  forest
c lasses and the basal  area and (Lane-Poole n.d. ) .
merchantable volune standing. Both
virgin (unlogged) and cut-over stands For a proflle diagram of jarrah
are consldered,  par t icu lar ly  those forest ,  see Speck (1958) .
s tudled by Stoate and Helns (1938)
near Coondle, Beraklng, Ashendon, According to l{avel (1975a), the
Holyoake, Inglehope, Tallana11a, Chalk sl-te-vegetatlon types with a
Brook and TreesvlLle. In additlon, slgnlficant, if not donlnant,
less extenslve infornatlon available conponent of jarrah are B, D, E, F, P,
on biomass, cror,Jn cover, 1og length, S, T, U, Z and. O, The highest qualtty
posl t ion of  t rees 1n terns of  the stands are T,  S,  U,  0 and P.
canopy, crown vigour and mean
codouinant height ls presented here Nunber of Stens per He
and lntegrated later in our dlscussion
of stand development (ch. l1). Stands ln the northern j arrah

forest are composed alnost entlrely of
The nor thern jar rah forest  ls  jar rah (Tablee 26,  27;  Gray 1938) ,

almost a pure forest of one tree with the proportion of marrl stems
species, whlch develops into a large rarely exceedlng 20 per cent. The
tree ln splte of infertile soll and a proportl"on tends to lncrease with a
harsh climate. The vlrgin forest ls decrease in depth of the laterLte
an open one of 50-70 per cent crown horizon (Stoate and Hefuns 1938; Havel
cover over a ground layer of shrubby 1975a), Smal-l patches of pure narrl
glowth < 1 u tal1. Most of the are found occasionally in gullles.
overstorey is physically nature or Conparison of Tables 26 and 27 shows
overmature, There is generally that ln the northern jarrah forest
understocklng of the younger cl-asses. marrl does not increase in reLative
These are scattered throughout the abundance ln the second growth forest
forest ln sna11 patches replaclng the after j arrah has been logged.
f i re-k l l led veteran t rees.  Thls
structure results frou centurles of

. Marri tends to be Patchilyrare successlon '  
d ls t r ibuted ln  the nor thern jar rah
forest' as evidenced by considerable

Height of the forest canoPy varlatlon shown in eight Plots rtithin
ranges from 20-35 n, with sone one comPartment of Ilolnes block,
domlnant trees being c. 6 n above the Dwellingup (see Table 271 see also
level of the mature codomlnant trees' Abbott 1984b). In the southern jarrah

Harris and Wallace (1959) noted that forest, the proportion of marri may be
crowns of the codonlnants were rarely quite htgh and may increase after
danaged from fires runnlng through the logging of jarrah (Rltson* unpublished
relatively light llttex and ground
cover. Most of the eanopy Ls occupled
by J arrah nlth stems ranging fron c.
60-120 cn d.o.b.  wl th  the occasional  * .  0 .  Rl tson '  forner ly  Forests
very large t ree of  d .o.b.  > 200 cn.
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data) .  Stoate (1939)  s tated that  such stems are of  th ls  specles.
forest was terned Jarrah forest untll
marrl comprl.sed 90 per cent of the The number of stems per hectare
stexns, an arbltrary concept critlcized in a stand depends on whlch d.o.b.
by Gray (1939). More recently, the classes are lncluded. Considerlng al-J,
A.P. I .  type naps produced by the stens nLth d.o.b.  > 10 cn,  Abbot t  and
Forests Departnent classify forest as Loneragan (I983a) found a range of 80
narri when more than 50 per cent of to 749 stens ha-l in cut-over forest.

Table 26

Averaqe conposition of lhe overstorey of o1d grovth noltheln
ja r rah  fo les t  s tands ,  based on  a l1  s tens  o f  d .o .b .  >  19 .4  cn .
sMar ized f ron  s toa te  and Hetns  (1938) .  A11 s tands  are  o f  h ioh
qua l l t y  as  de f ined in  Chapte !  3 .

Equivalent
Height index natule

of Sloate codondnant
and l]e]ns height (n)

Mean no.  o f  s tens
ha- r

s of l.4arri
s t e h s  b . a - o . b -  v . o . b .

100-110

90-100

80- 90

70- s0

31-35

27-31

2 3 - 2 7

19-23

1 1 . 8

9 . 5

7 2 . 1

9 . 0

1 4 - 0

1 3 . 8

L 6 . 7

v i rg in  (11  P lo ts )  127.0

cut -over  (  2  p lo ts )  264.9

v i rg in  (19  p lo ts )  127.7

cut -ove !  (  3  p lo ts )  94 .7

V i rg ln  {  3  p to ts )  83 .8

cu t -over  (  6  p lo ts )  90 .s

cu t -ove !  {  3  P lo ts )  123.5

4 , 0  5 . 0

9 .  I  S . 3

7 . 1  7 . O

1 3 . 3  I 3 . 1

9 . 5  9 . 0

2 0 - 7  2 A . O

T^ble 27
Conlpsition of the over6torey (odittinq rare resiitual

veteld t!es) of leglorth stands in tbe noltheln
jallah forest. Unpublished data of O. to.eragan.

Total stems ha-l * Ualri Stanit age Lyr/

Hohes (.onpt. 10) (a)

9 7 5 . 3

5 3 4 . 3

4 9 6 , 3

4 6 9 . 1

5 . 5

74.2

t 0 . a

4 . 5

5 . 5

1 1 . 6

1 0 . 5

4 0

4a

5 1

5 1

5 1

23

Reseryot! (c@pt. 2)

"  " 8

Saey€rs (coDpt. 3)

( ! )

( a )  h c l u d i . q  a l l  t l e e s  o f  d . o . b .  >  1 4 . 6  m

a l l  t l e e s  o f  d . o . b .  >  9 - 7
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E:eno ilables

Stand tables, giving the
frequeney dlstributlon of the varlous
d.o.b.  c lasses ln  a s tand,  are
sunnarlzed in Tables 28-33 (See also
stoste 1941,  1943) .  The s ingle
feature 1n cornnon ls that trees of
large diameter are less frequent than
trees of smaller dlaneter; this is
lrrespective of whether logglng has
occurred or  not .  S i te  qual l ty
in f luences the d.o.b. rs  at ta lned.  Bls

t r e e s  ( i . e .  t h o s e . o f  d . o . b .  >  1 0 0  c r n )
are less well represented ln low
quality forest than 1n high quallty
forest (Abbott and Loneragan 1984a;
see a lso Table 30) .  Trees wi th d.o.b.
exceedl.ng 200 cn have never been
recorded ln low quallty forest.
Jarrah on the coastal plain and at
Jllakin Rock attains naxlmum d.o.b.
cornparable to lorr quality forest on
the Dar l lng Plateau (Stoate 1940;
Abbot t  1984c) ,

Tabte 28

D.o.b. frequency distributions for jarrah in various
cut-over stanals in Ashendon block (data of Stoate and.
H e l m s ,  1 9 3 8 ) .

19-38

*  o f  ja r rah  s tems in  d .o .b .  (cn)

38-64 64-A9 89-114 U,4- t40

c lass

140-165 165-190 N (a)  No.  ha- l

2 4

25

2 3

2 4

2 5

29

2 0

4 7

2

3 7

3 7

3 0

44

5 1

3 6

3 1

40

L3

3 7

3 3

3 8

2 6

2 5

I 7

2 I

2 6

2 T

2 3

4 9

3 1

A A

1 8

1 8

4

6

5

1 1

9

1 3

1 1

1

2 3

1 9

1 0

6

L4

0

2

3

3

3

0

I

< 1

1

2

0

o

1

1

3

3

0

2

0

< 1

0

0

0

2

0 ,

o
0

0

0

0

0

<- t

0

5 0  5 6 - 8

96 706.4

5 7  7  4 . r

7 A  8 3 . 0

z t l  6 ) .  t

1 5 9  8 6 . 4

774 45.2

7 9  1 3 4 . 8

5 2  6 r . 2

5 9  A 2 . O

L23 73 -6

z l o  L v z - )

Although aI1 plots were cut-over, stumps are included. in the table.

(a) N = the number of trees measured for d.o.b.
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$ of  jarrah stens in d.o.b.  (cm) c lass

a9-44 44-73 73-101 101-131 131-160 160-189 189-218 2]- .a-247 r. lo.  ha- l

Table 29

D.o.b.  f requency au.str ibut ions for  jarrah in 36 plots in
v i lg in stanals of  chalk Block.  (Data of  Sroate and Hetms, 1938).

I 4 I  69 .9

126 62.2

742  89 .9
1 6 1

762 80.0
279  108 .1
191 94.3
744 '76.1

7'77 A'1.4
138  68 .1
1 6 3  8 0 . 5
21,6 706.7
2 I4  105 .7
185 9I.4
37A 7g6.' ,7
333 164.4
252  124 .4
349  a92 .7
183 90.4
231  114 .1
4L7 205 -9
262  L29 .4
292 744.2
165  163 .0
438 246.3
2 4 7  a 2 2 . 0

173  85 .4
201 165.2
I21 -  59 .S
447 69.6
188  92 .a
203  100 .2

3
2
9
3
5
6
2
L
3
4
I
3
9
4

3
5

2
1
3
2
2

< 1
<1
< 1

0
o
I

1
0
1
7
2
o

1
l-
2
1
0
0
0

< 1
< 1
0
1
L
1
2
2
1
1
0
0

0
< t
0
0
0

0
0
o
3
0
0
2

<1
0

0
0
o
0
0
1
0
0
0
0
0
0
1
o
0
1
0
0
0
0
o
0
0
o

<1
o
0
0
0
0
0
0
1
o
0
0

0
o
0
0
0
0
0
0
0
0
0
0
0
o

<1
0
0
0
0
o
0
o
0
0
0
0
o
0
0
0
0
0
0
o
0
0

2A  27  2A  13
49 14 23 11
30  20  30  10
2 6  2 2  3 2  L 7
47  22  1a  74
4 A 2 A a 2 5
52  25  15  6
56 7'1 a7 9
50  29  13  5
23  27  35  11
39 27 18 '7

29 26 25 16
20 2E 26 15
32  26  23  13
53 18 ls I

44  17  23  11
7 3 7 4 7 5
7 9 9 8 4
44  29  16  8
73 A2 10 3
2 6 3 8 2 a 6
43 33 19 5
6 3 ! 2 6 2
53 26 1-7 3
54 24 14 7
64 1a 13 s
73 13 8 6

21  38  24  4
4). 39 15 5
62  31  5  1
3 5 2 6 2 A 7
34  31  11  10
42 33 19 4
62  22  14  2

Table 30

D.o.b. frequency dist.ibution for jarrah in 197.5 ha of
virsin forest near DwettiDgup (data of cray 193s) .

t  of  jarrah in d.o.b.  {cn) c lass

25.4-  35.6-  45.7-  55-9- 66-O_ 76.2_ a6.4_ 95.5_ 106.7_ 1] ]6-A_ : .27.O_ 1-37.2_ : .47.3_ Ls_t .5+3 5 . 6  4 5 . 7  5 5 . 9  6 6 . 0  1 6 . 2  a 6 . 4  9 6 . 5  1 0 6 . . 7  1 1 5 . 8  I 2 7 . O  I 3 7 . 2  . t 4 7 . 3  1 5 7 . 5

1 5 . 9  1 1 . 6  9 . 5  9 . 1  1 0 . 8  1 1 . 6  9 - 1  7 . a  5 . 0  4 . 3  2 . 6  1 . 3  1 . 3  o - s

Mean nunber of jalrah stens ha-l = s:.:



I

Table 31
D ror ja!.an in vi lsiD 8t! ids,

r of lalrah !n d,o.b. (q) c1a33

. ;

;

z,4z

lor ldid ih resdh 3td& (@itt ins 4!e veter.n tree6).

.  of l . !r .n $ d.o.b. (d) c1a33

roca (.) {@@t, 10) -

re3enoi! (D) (cqt. 2) 1e.e 32.0

;aLrers (d) (qt,  3) 27.6 31.2

"  { d )  i  2 3  4 7 . 4  . o , 2  t r . 2  o . 3  o , 3

(d) cd!t- 23 rn addit io b

$ency dGtrhtlon lor ldid (@ittins 4!e veter.n tree6).

. of l.!r.n $ d.o.b. (d) c1a3!

)  1 e . e  3 2 . 0

Table 32
lor ldid ih resdh std& (@itt ins Hle veter.n tree6).

Table 33

i .n for ja!! :h

. af jarran in d.o.b. (d) crass

? 0 . € 0 . 9 0 -

b'driN! (r) 30

!!!hlon (!) 33 34 15 5

(a) lirst rosqed

(r) F14t roqqed
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The plcture i-n terns of the
snaller dlaneter classes i.s less
sharp. Stands Ln the same forest
block can vary dramatl-cally ln
representat ion of  par t l -cu lar  d.  o .  b .
c lasses of  t rees (Tables 28,  29) .
This reflects the tlme slnce
dlsturbance, perhaps by wlldfire or
logglng, or the degree of senescence
of  the overstorey (Abbot t  1984b) .

Regrolrth standa resultlng fron
very heavy logglng typicall-y show
predonlnance of one or tkTo of the
sxnal ler  d.o.b.  c lasses (see Tables 32,
33). The resulting stand ls never as
uniforn as that resultlng from
clear-felI-lng, because a conslderable
amount of advaDce growth poles
renalns: not all regeneration cones
from the dynanlc developnent of the
inciplent ground copplce. It ls thus
not allrays corect to refer to
regrorrth Jarrah stands aa even-aged.
Vlrgln forest or forest cut over under
a selectlon scheme can be all-aged.

There have been no fornal- studles
of the frequency distribution of ages
of trees ln a stand; rather it ts
usual ly  assumed that  the d.o.b,
frequency distributlons reflect to a
large extent the underlying age
dis t r lbur lon (s toate 1939,  7940) .

lpatial- Pattern of Trees

Jarrah tends to have an
aggregated dlstrlbutlon over sma1l
areas (several n2) and a more random
one over larger areas. This ls
irrespective of whether the stand is
vlrgln or cut-over. The nearest
nelghbour  of  a  Jarrah (1.e.  > 1.3 n
ta l1)  wt1 l  be another  jar rah (> 1.3 n
ta11), and both !1111 be l-ess rhan 3 m
apart (Abbott 1984b). These elunps of
jarrah (helght of lndlvldual plants >
1.3 n)  tend to be less than 4 n2 in
area. Adjacent trees are often of the
sane d.o.b. ,  suggest lng that  they are
of the same age, havlng been reLeased
most llkely in veteran stands as
advance growth follorrlng some
dlsturbance. It ls very likely that
nany of these clumps have grown on
ashbeds. In sone cases, expresslon of
doninance has led to substantlal

d l f ferences betr reen d.o.b.  o f  s tems of
the same age (Meachern 1962).
Ultixnately neighbouring trees are
probably derlved fron seed dlspersed
from a related reproductive tree.
Groups of treea nay be uneven aged
(Meachen 1962) .

That Jarrah occurs ln groups of
even-aged trees was recognized by
Stoate (1923) .  In  the sapl - lng s tage,
wlth the plants only several
centimetres apart, these groups are
obvlous. At the pole stage, they have
thinned out naturally to a dlstance of
1.5-3 n apar t  but  the group is  s t i l1
d is t ingulshable (Sroate 1923) .  Later
when t rees have at ta lned d.o.b.  o f  70
cm and are separated from simLlar
s ized t rees by d is tances of  6-12 n,
the boundarles of the original groups
becone obscured.  Of ten t rees of
smaller d.o.b. are found between and
below the larger trees, ltrhl1e
appearlng to represent a l-ater crop,
such trees are actually the same age
as the larger trees but have been
out-conpeted by then (s toate 1923) .

Basal Area of Jarrah Stands

Stoate and Helns (1938) quote
b.a.o.b.  f igures of  42.6 n2 ha- l  and
25.2 m2 ha-] for good and poor quality
j arrah forest respectlvel-y. A11 but
about 2-6 m2 ha-l ls contributed by
jarrah. Thelr extenslve tabulatlons
for northern j arrah stands show that
for nature codomlnant helght class of
33_n b.a.o.b.  ranges f ron 34-45 m2
ha t. At height class lntervaLs of 29
n,  25 n and 21 m, b.a.o,b.  ranges f rom
25-44, 19-37 ar.d 27-35 m2 ha-l
respectively. These flgures are not
partlcularly hlgh for a virgln forest
(Jacobs 1955) ,  but  are Lmpresslve
glven the large proportion of sound
wood.

A study of  l l2  p lots  in  the
northern j arrah forest (Kinber, n.d.)
shoned that nearJ-y half of the plots
had b.a.o.b.  exceeding 32 n2 ha- l  .
The naxlnum was 49 m2 ha-l although
only about 8 per cent of the plots
exceeded 40 m2 ha-l , The aveiage
naxlmum b.a.o.b.  a t ta lnable in  the
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northern jarrah forest may be taken as
40 n2 ha-l .

Mean b.a.o.b.  var ies in  re lat ion
to slte-vegetatlon types (Havel 1975a)
as fo l lows:  T (35 n2 1- t . -11 ,  S 39 n2
h a - l ) ,  p  ( 4 0  n 2  1 6 - 1 y ,  z  ( 2 9  n 2  h a - l )
and H (25 n2 ha- ] ) .  These f lgures
have been sunrnarlzed from computer
print-out provlded by J. Havel. In
essence these data show 1lttle
d l f f e r e n c e  i n  b . a . o . b .  o f  t y p e s  T ,  S
and P, and of Z and H. These two
groups have been fornally recognized
as hlgh and 1ow quallty Jarrah forest
respectively (Abbott and Loneragan
1 9 8 3 a ) .

Ear11er ,  Stoate and HeLns (1938)
had successfully ranked jarrah standg
in Chalk Block ln relation to soil
type. The greatest stand basal areas
occurred Lrhere lateritic rock
outcropped on upper slopes and on the
sandy gravelly loarns of lower slopes.
Hol 'ever ,  un1lke Havel  (1975a) ,  they
had no lnformatLon on chemical-
Proper t les of  these soi l  types.

B.a.o.b.  var ies f ron stand to
stand, probably reflectlng the extenr

of sheet laterite and sllvlcultural-
h l s t o r y .  B .  a .  o . b  .  d o e s  n o t
signiflcantly correlate wlth number of
stems per ha in high quality forest
(Abbott ard l-oneragan 1983a). Ofren
t h e r e  i s  l i t t l e  d l f f e r e n c e  i n  b . a . o , b .
between vlrgin arid cut-over stands
(see Table 42), because uaximum basal
area productlon occurs at an early
age. In the Ashendon, Chalk and
Arnphlon v i rg in s tands (see Table l1) ,
b . a . o . b ,  a r e  3 7 . 8 ,  3 2 . 0  a n d  3 7 . 4  m z
ha-l respectivel-y. These are about
one-third greater than the average of
22.2 m2 ha- l  for  cut -over  s tands ln
the northern jarrah forest (Abbott and
Loneragan 1983a).  Logglng in t r la l ly
reduces b.a.o.b. ,  but  the rapld gronth
of stump copplce and ground copplce 1n
the northern j arrah forest restores
b.a.o.b.  to  about  hal f  o f  l ts  or ig lnal
value within ten years (Abbott and
Loneragan 1982, 1984b). After rhls
initial spurt of grolrth, basal area
lncrement tn high quality forest
decreases to about  9.2 rz  5a-1 ya-r
(Abbott and Loneragan 1983a). The
m . a . l .  o f  b , a . o . b .  g r o w t h  c a n  b e
calculated from data for resrorrrth
stands (Table 34) .

Table 34

B.a.o.b.  anal  v.u.b.  of  regrolr . th stands iD Mundar ing Div is ion.

Block and coDDarthent
b .  a .  o . b  -  ( a )

nr2 ha- l
v . u . b .  ( b )

n3 ha-I

Period since

cuttj.ng (yr)

Reselvoi! 2

Sawyers 3

" 2 4

25 .2

2 3  . 4

20 .3

2 0  . 2

1 7 . 1

1 1 7 . 3

44.4

1 0 3 . 0

8 4 . 1

9 2 . 9

4 0 . 8

5 1

5 1

2 3

(a) jarlah and narri conbineal

(b)  jarrah only
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Total volume of all eucal-ypt Stand helght is generally the
trees present in hlgh quallty cut-over nean helght of the crop trees.-
jarrah forest averages 194 n' ha_r, CodonLnant helght rather than height
with a range of 111 to 281 n' ha ' in of the doninants ls taken as the
the plots studl-ed (Abbott and general top 1evel of the canopy.
Loneragan 1983a).

Mean nature codomlnant height ls
Before the Forests Act of 1919, sometlmes called the flnal helght of

estinates of volune of merchantable the stand. Because thls varles
tlmber were hazy and optlnlstlc conslstently wlth slte-type rrlth less
(Barret t  1949) .  The Royal  Conmlss ion var j .a t lon than b.a.o.b. ,  i t  ls  the
of l95l noted narked varlation 1n best lndex of crop quallty (stoate and
merchantable volune per hectare. 0n Bednall 1940; Barrett 1949).
exceptlonal areas, up to 140 n3 ha-t
of logs were avaLlable compared with V.u.b. ls less re1lab1e because
.o a.r-r"g" yield of c. 30 ;3 ha-l ln of considerable variation between

. htgh quality J arrah forest. It should stands of the same slte quallty
be noted that rmerchanlable t varLes (Barrett 1949). Although Stoate
with n111 and narket. Much wood that (1953) considered that volume is the
is now marketable was not so even ten true measule of slte quallty, a
years ago. uniformity trlal (Stoate and llel-ms

1938) showed that a nininun plot slze
In vlrgin forest, the total of 4 ha ls required to obtain a

volurne of wood (not necessarily coefficient of varlation < 10 per
nerchantable) varles from 630 to 868 cent.
n3 ha-l ln stands with mature
codoxoLnant height of 33 n (Index Early research (Stoate and Helms
height 100-110, Stoate and Helms 1938) dld not use nature codomlnant
1938). In poorer quality stands, r,/ith helght. Instead, an lndex helght
mature codomlnant helghts ot 29 m, 25 correspondlng to Dean d.o.b. of 76 cn
n and 2l m, volumes are 398-765 n3 wag used to provide a basls for
ha-I, 305-573 n3 ha-l , and, 325-492 ma comparlng heights of sxnall sanpl-es of
ha r respectlvely. These total stands. These authors considered that
volunes (lncludlng branchwood) were the ideal would be to determlne stand
calculated by Stoate and ltelns (1938) helght at a selected age, but lt is
as mean stand b,a.o.b. x nean height not posslble to achleve this 1n the
of  domlnant  t rees x 0.6.  j  ar rah forest .

over a range of slte quallties Unpublished data of llavel shol'
1og volurne is more lnfluenced by that the height of the tallest trees
dlameter and bole length than by on the pl-ots 1n hls study of
number of  s tems per  ha or  b.a.o.b. ,  s i te-vegetat lo t r  types were:  T,  33 mi
WlthLn one helght  c lass volumes are S,  30 n;  P,  29 n;  Z,  24 ma,  I { ,  25 m.
c losely  propor t ional  to  b.a.o.b. .  As The c lass i f lcat lon of  j  ar rah stands by
wl th b.a.o.b. ,  most  to ta l  vo lume helght  adopted in  the 1950s by the
grotrth occurs earl-y ln the life of the Inventory and PlaanLng Segtlon of the
stand (see Table 34) .  V l rg ln forest  Forests DeqartEent  1s:  A ' ,  >  33 n;  A,
ls  regarded as a s tat lc  reserve of  27-33 m; B ,  2 I -27 n;  B,  15-21 n;  and
tlnber volune (Meachen 1962). The C, < 15 n (metrlcated after Nunn
nett increment of merchantable 1959), SubsequeDt changes to the
material ls nil as gronth ls balanced l-in0its are provlded by Rayner and
by death and decay. Wlldflre can lead W11llamson (unpubllshed data).
to negatlve lncrenent.



ProDorti.on of Cron Trees ln Jarrah
Eendg

Trees ln the jarrah forest may be
classifled by the positlon of their
crowns relatlve to the canopy (Stoate
and Bednall 1940). Domlnants are
trees growlng above the general level-
of the canopy (codoninants).
Sub-doninants fall to reach the canopy
1evel but are st1ll favoured bv free
overhead space.

Domlnated and suppressed trees
are conpleteLy overtopped by other
trees in the stand and forn part of
the understorey of  the forest ,

Domlnants, doninated and
suppressed trees tend to be very
scarce ln low quallty forest (Table
35) .  In  most  s tands,  i r respect lve of
slte quallty, codominant trees
constLtute the most frequent class of
tree. Codomlnant jarrah in the
Reservolr and Sawyers plots contrlbute
5l -6I  per  cent  of  s tand ( jar rah)
b . a . o . b .  G e n e r a l l y ,  t h e r e  1 s  a
difference of 3-5 n in helght betneen
each c lass of  t rees (Table 36) .  Mean

e.Iqm-Vlgssr

Crotn vlgour was rated
d.o.b.  o f  c lasses nay d l f fer  by up to subj  ect lve ly  for  severa l  s tands as
30 cur  (see Table 36) . well-forned, rnedlum, or poor (Table

37). Fen trees had welj--forrned
cronns,  i .e .  deep,  wlde,  and wi th
dense leaf area. In hlgh quality
forest nost codominant trees had
nedlum crowns. Sub-donlnant trees Ln
hlgh quality stands and both
codomLnants and sub-donlnants Ln lorrt
quallty forest tended to have poor
croltns.

Log Length ln Jarrah Stands

Although 1og length ls always
less than bole J-ength, to a great
extent 1og length should reflect the
length of  the boLe.  Thus,  because
doninant  t rees are ta l lest ,  they
produce the longest logs. In htgh
quality forest, codouinants contrlbute
1 o g  l e n g t h s  3 . 7 - 1 2 . 2  n  ( T a b l e  3 8 ) .
Most logs fron sub-doninants are
3.7-7.6 n ln  length.  Most  logs f ron
1ow qual l ty  forest  are 3.7-7.6 n 7n
length. The ratio of length of 1og to
helght of tree varies wlth slte
qual l ty  (Stoate and Helns 1938) .  For
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Table 35

i .  jar lah staDds by

Table 36

-srorth ja'ab stalds,

( 1 7 )  3 1 . s  ( ! o o )

2 3 . r  (  7 )  ' 5 . '  (  1 3 )

27.0  (46)

21 .2  (2 r )

3 1 . 5  ( 1 O O )  5 3 . 3  ( 1 3 )  3 2 . 6  ( 4 2 '

6 3 , ?  (  7 )  5 1 . 7  { r 3 )  . 3 . 1  1 2 3 )

59.2 | 23) 4o.e (11)

6 r . 3  (  3 e )  ! r . 6  ( 2 3 )

55-5 t24e) 33.o ({5)

{ 7 . r  ( 2 5 0 )  3 o . 5  {  e )



tree helght of 28 n, the ratio is
0.33.  Rat io  var ies 10.02 for  each t5
n change in  helght .  Thus,  ln  h lgh
quality forest (33 n helght) the ratio
ls  0.35 and average 1og length is  11.6
m. In low quality forest (23 n ln
helght) the ratj-o ls 0.31 and average
1og length ls  7.1 m.

As explalned ln Chapter 6, the
forn factor expresses the slnllarlty
of the bole to a cyllnder of the sane
base. An artlficiaL form factor (F)
1s re lated to bole length (L) ,  v .u.b.
a n d  b . a . o . b .  o f  t h e  b o l e  b y  t h e
e q u a t i o n  v . u . b .  =  b . a . o . b .  x  L  x  F .
Class volunes Eay then be calculated
as e i ther  number of  t rees x b.a.o.b.
of the mean tree x L x F or as number
of  t rees x v .u.b.  per  c lass.  Examples
in terns of slte quallty are glven ln
Table 39,

I t  is  usefu l  to  s t rat l fy  the
forest  ln to height ,  d laneter ,  b .a.o.b.
and crown cover clagseg. Stand
b.a.o.b.  may be neasured ln  the forest
by wedge prlam, or the crown cover may
be estinated fron aerial- photographs,
and the b.a.o.b.  ca lcu lated f ron
percentage crown cover. Stand volune
ls estlnated then as ln the examples
of stratiflcatlon given ln Table 40.
0n the A.P.L maps the two stands rrere
synbolized as JA 6/60 and JB 20150,
indicatlng the codoml.nant helght class
(A and B slte qualitLes) crown cover

Table 39

and v.u.b. of jalrd tree3

(n) (.n) r (a)

!r9Leel:lrl9::::

Tabte 37

or jar.r trees

Table 38

b 9 t q g 6 ( ! ) h '
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class of the overstorey and whole
stand respectively in 10 per cent
classes. A1so, average crol'n
dlameters of healthy trees could be
neasured on aerlal photographs on the
basis  of  he ight  and d.o.b.  cLasses
(Tab1e 41)  as a nore accurate a id for
separating site qualities than height
alone .

Crown Cover ana Crown nr

Crown cover, the area covered by
tree crolrns but not lncludlng obscured
crordns or overlap, has been mapped
fron aerial photography for the whole
of the State forest. Crown area of a
stand ls the sun of the crown areas
includlng the overlap not seen on
aerial photographs. An avetage value
for crown cover for j arrah forest near
Dwellingup, of whlch nost la cut-over,

is  60-70 per  cent  (Klnber  1970) .

Determlning the spatial
arrangenent of crowns ln a stand is a
laborlous task because lt involves
napplng on the ground the positlon of
each stem and the nargln of lts crown.
Cror.m plans for three stands so mapped
are reproduced as Flgures 18-20. The
very ninor extent of overlap between
codomlnants ls evldent, further Droof
of  the rcrown shyr  nature of  jar iah.
In the past, crown area has been
calculated for  each d.o.b.  c lass f rom
the crown rat lo  of  the stand (e,g.
B e d n a l l  1 9 3 9 ;  S t o a t e  1 9 4 1 ) .

Jarrah stands nay be classlfied
as tall open forest lf flnal height is
> 30 m or open forest if ftnal helght
ls  < 30 n,  accord lng to cr l ter ia  of
S p e c h t  e t  a l .  ( 1 9 7 4 ) .

Table 40

calculation of stad volues in tehs of Ftlattfieat d.o.b.
classe6, bole length (L), altlficlat fom facto! (F), and
EtocklDg (b.a.o,b. estjrateE wele obtaiheat by ,eitge plish
in the forest or catculared floD pelcentage
aerial photographs ) .

C!oh
b . a , o . b .  v . r . b .

!  x  r '  (D)  ( i )  (n .  ha- r )  (h3  ha_t )

45-6A
60

4
6

a 7 2

2 5

1 6 . 3

" . 0

101
3 4

24
3 0

3

5

(a)  a  qua l i ry  o ,  A .p . r .  t ype  @ps.

( r )  B  qua l i t y  on  A.p , r .  t ype  naps .

- Not lecolded on A,!-J. tlI)e haps.

Table 4l

separation of d.o.b- classes o. aellar photographs by
croh didete! aDd hetght inteFats in high aDit td

quality folest (after Lonelagan 19?1) .

d .o .b .  c lass  (@)

15-28 29-4A 49-72 > 73

clom dldete! (D) (M)

Lo{ quallty folest

crom didete! (D) (m)

17!6 23!5 27!5 3ot3

0 . 0 1 4  0 , 0 3 2  o , o 5 o  o . 0 5 7

1415 2015 23!4

0 , 0 1 5  0 . 0 3 6  0 . 0 6 0

(a) Read off floD Figure 12.

(D) Measuled flou aertat photoglaph, scate 1: 20 oOO.
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Figure t8
Crown plan for young jarrah pole stand (0.61 ha, Holmes block).
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Figure 19
Crown plan for jarrah pole stand (0.81 ha, Holmes block).
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Figure 20
Crown plan for virgin jarrah stand (0.71 ha, Location A4596, adjacent to Amphion and Bombala blocks).
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l  7 3  c n  d . o . b .  A .
I

Other WaYs of Descrft

From l-942 untll 1956 cut-over
jar rah forest  was assessed by
record ing d.o.b.  o f  every eucalypt
(n inLnum d.o.b.  o f  48 cm) a long bel t
transects ( tpernanent J-ine
assessments t ) . Much of thls
lnfornation has forned the basls of
thls Chapter. Jarrah trees were also
coded as fol1ows, rnodlfled after
Barret t  (1949) .

ha '. Total dry, weight above ground
was 206.3 t  ha I  (Hlngston
1980).  Near ly  85 per  cent  of  th is  nass
was contributed by the wood and bark of
the bole. Glven that average
merchantable volume lncrement for a
j  ar rah^ s tagd in  h lgh qual l ty  forest  1s
1.2 n"  ha t  (Abbot t  and Loneragan
1983b) and that the denslty of dry
jarrah wood is 820 kg m-3, average
merchantable wood productlon should be
c .  l t h a ' y r ' .

In a stand where the leaf area
equals the ground area, the growth mass
(dry n'eight) ls 5.9 g 1ts-l ya-l
(Loneragan 1961) .  This  consis ts  of  2 .7
i  6s- l  ya- ]  o f  wood and 3.2 I  13-1 y1-1
of lltter to whlch leaf erorrth
contr ibutes 1.9 t  ha-1 yr - ]  

- (oven 
dry

weight) .

Leaf area of two pole stands and
one v l rg ln s tand was recorded as 1.056
ha ha- l  and 0,57 ha ha- l  respect ive ly
(Loneragan 1951) .  The nass of  wood
flbre was calculated as 258 t ha-l and
I  I  q r .  hr- l  f  ^r  r - } ta ' l  ' ,.  * -g in and pole
stands respectlvely. Thls allows 15
per cent for the persistent branchwood
(see l l lngston et  a ! .  1980) .

The leaf area of a forest is an
important determinant of photosynthesls
and transpiration. The leaf area index
ls defined as the ratlo of the area of
one sLde of  the leaves to the pro jected
area on the ground. Carbon et al .
(1979) glve a fornula for calcul-atlng
the leaf area index for iarrah forest
f r o n  d . o . b . :

Leaf  area lndex = 2.87 d.o.b.  (cn)  -  3 l

The range of  d.o.b.  va lues for
lrhich thls equatLon ls valld was not
speclfled. In addltion, varlatlon ln
leaf denslty wlth tree health, seedlng
stage and stand density means that thls
fornula rarlll not be wldely appllcable.

Gror{ring Stock.
Merchantable but
retalned because
It would have
daEaged growlng
stock if renoved.
Merchantable.
Not Merchantable.

58-72 cm d.o.b.  8 . ,  Growlng Stock.
B; Potentlally

' Merchantable.
83 Not Merchantable.

48-57 cn d.o.b.  C,  croh ' ing Stock.
Ct Not Merchantable.

A select lon of  poles and p l les
wl th d.o.b.  < 48 cn was sonet ines
neasured. These had to have a length
of J-og of at least 6.1 rn and a minlnum
top diameter (under bark) of 15 cn.
The dlameter of all stunps and lengths
of removed logs were also recorded.
Thls nethod of forest assessment was
replaced tn 1956 by plot lnventory.
other technlques that have been used ln
the jarrah forest are descrlbed ln
detall by Rayner and Wllllanson
(unpubllshed data),

The use of blomass 1n descrlbing
jarrah stands has not found favour
because of the obvlous practlcal
problens lnvol-ved. The only value so
far determined ls for a pole stand wlth
b , a . o . b .  o f  2 6  m 2  h a - l  a n d  3 5 5  s t e n s
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CHAPTER IO

Exploitation of Jarrah

Exploltatlon 1s used here to refer
to the rray coronerclal enterprlses have
percelved and extracted the tlnber
reaource.  Thls  sect ion therefore
examlnes the history of logging,
partlcularly the questlons of where,
when and why.

Logglng of jarrah forest has
produced nothlng like the deforestation
around the Mediterranean (Thlrgood
1981).  South-western Austra l la  has
experlenced no rrars or lnvasions, and
until after the 1939-45 war lndustry
had been rudinentary. The relatlvely
snaIl populatlon, the presence of a
large coal resource, and the lack of a
najor ship buLldlng industry have
nlninlzed the loca1 need for tlnber.

The naj or cause of the reduction
ln the extent of jarrah forest (ch. 3)
has been agriculture, Most of the
exlsting high quallty forest trras not
converted to agrlculture because lt was
located on ironstone gravelly solls,
except for relativel-y small areas used
for frul.t-growlng in the more fertile
valleys close to towrrs. Little
progress was Eade ln dedlcatlng State
Forest in the flrst decade after the
proclamation of the Forests Act in
i919.  A substant la l  por t lon of  the
eastern fringe of jarrah forest/wandoo
woodland was cleared for sheep and
nheat farning ln the perlod 1850-1950.
llost jarrah forest solls were
consldered to be too rocky or lnfertile
to plough or farn.

Forest exploltatlon can be
classlfled into four periods (Nunn
1957). In the ploneering era of
1829-1880, the total volume of rimber
cut was lnsignificant.

The era of tlmber concesslons and
leases followed by 1880-1900' during
whlch the sole rights to remove ' sell
or export tinber were granted at a
tromlnal rent. Later eras included
ear ly  pern l t  contro l  (1900-1919)  under

the Land Act, and the present one of
forests  nanagenent  (s ince 1919) .

The year 1919 was rrhen the Forests
Act became law. Before then, logging
of the forests was virtually
unsupervlsed by Governnent. R. T.
Roblnson (Western Austral-lan Parllarnent
1918a) noted rhe followlng:

'S ince 1836 Western Austra l ia  has
been engaged in minlng her
fotests, that is to say she has
striven, regardless of the future,
to get as much as she posslbly
could out of the areas of tlnber
country that be scattered wLthin
her borders. TLrnber men have been
encouraged to take up forests for
saw-nlllLng purposes, and the
terns under which concesslons have
been granted were of the nost
advantageous character. The
obj ect of each successive
Government has been to explolt as
much tinber as posslble ln the
shortest tlne t .

Ahnost all- hlgh quallty stands in
the northern j arrah forest were logged
before 191.9. The souxce of timber rras
sti11 seen as inexhaustible and there
was llttle attempt at regeneration.

The J arrah forests of the Darllng
Plateau were dlscovered in 1829 and
thelr rrorth was soon recognlzed (H.
Tr lgg ln  0g1e 1839) .  The ln f luent la l
Surveyor-General noted near Collle

'the sptendid stralght nahogany or
jarrah trees, growlng wlthln 3 or
6 feet of each other, reaching to
the helght of 50 and 80 feet
wlthout a brand or blenish, and
apparent ly  qul te  sound' .  (Roe
1 8 5 2 ) .

The forests remalned unlogged
unt l l  the 1870s because of  a lack of
markets and t ranapor t  ( I re land 1962) .
Local consumptlon and linlted export



could be satisfied by logging jarrah ln
t:r..e Banksia woodlands of the coastal
plain near Perth. Roads to the Darling
Plateau were poorly developed and there
was no government-bullt rallwaY
connectlng the forests to port until
r h e  1 8 8 0 s .

Although tlnber was flrst exported
in 1836,  i ts  va lue d j -d not  exceed
f5000 unt l l  1853 (Bat tye 1924) .  In  the
1870s the Government granted
concessLons of large areas of jarrah
forest  (one exceeded 100 000 ha)  to
private enterprise, capitallzed nainly
from Britain. There was no real
at tenpt  to  pol lce the regulat ions (as
listed in Fraser 1882) governing these
concesslons because of lack of staff.
In  1874 expor ts  of  t imber f i rs t
exceeded loca1 consurnptlon (R obert son
1 9 s 6 ) .

Details of when and where sawmills
were established ln the northern j arrah
forest  are g iven by l raser  (1882)  and
Ednie-Brown (  i896,  1899)  .  Fur ther
infornatlon is available in the Annual
Reports of the I'orests Departnent from
7897 to 1929. Recent local hlstories
serve to show the lnportance of tinber-
getting 1n the early developnent of the
south-west of Western Australia. These
include El1ot 1983 (Mundaring Shlre);
FaIL 1972a,  b,  1979 (Jarrahdale area) ;
Slee 1979 (Kalamunda area); PoPham 1980
(Karragullen area) I Richards I978
(Murray Shire); and Staples 1979
(Harvey Shi re) .  Other  h is tor ica l
detalls are suppli,ed by Thonas (1929) '
Carron (1980)  and stewart  (n .d. ) .

The nethod of logging lnvolved the
selecti.on and cuttlng of the largest
sound trees for sar{nllIlng. Witnesses
to the 1903 Royal Comnisslon stated
that 7-25 trees n'ere logged per ha.

The average volume of merchantable
tlmber per tree hras 4 n3, with the nost
prof l tab le havlng d.o.b.  o f  80-140 crn.
Untll the lntroductlon of stean-driven
nachinery 1n the 1870s' logs were sawn
up in the forest using the ancient
technlque of plt sawing (Calder 1980;
Gabbedy 1981). Later those logs \tere
hauled to the nil1 by horse or bullock
teams. 0nce stands close to nl1ls were

cut, 1lght rallways Ltere constructed by
each til lber conpany to provlde access
to more d is tant  s tands.

Given the extenslve area of virgin
forest ,  the h igh standard of  1og
requi red,  and the easy access d ic tated
by the gentl"e undulating nature of the
Darling Plateau, cuttlng tended to be
11ght. The forests were cut-over
rather than cut out (Royal Comnission
1903).  However '  s tands c lose to n111
sltes or log depots alongslde the
railway tended to be cut more
unlformly. A11 fellings were
unregulated ln the sense that there
were no sllvicultural controlg. For
example litt1e consideration was 81ven
to the extent of damage to lmature
trees during logglng. There was also
nuch wastage of tinber ln renovlng the
log fron the felled tree and ln lts
conversion to sawn tlmber at the nill
(Lane-Poole n.d. ) .  The lack of  royal ty
paynents also induced waste (Hutchlns
1916).  Expanslon of  the ra i lway systern
between 1880 and 1920 resulted ln the
need for large numbers of sleepers
(Robertson 1956) .  These were requl red
by the Government to be hewn and not
sawn (Royal Connlssion 1903), resulting
in even more waste.

The result of such unregulated
select ion of  the best  and largest  t rees
\flas that the snaller, weaker and more
defect lve t rees were le f t .  The forest
rras then regarded by foresters as
grossLy overworked and ln poor
condi t ion (Meachen 1962) .

Accumulatlon of lop and top debrls
on the forest floor together rrith
llghtnlng strikes and flres escaplng
from farms adjacent to forest resulted
in nany wlldflres sweeping the forest
from the 1870s. The titnber resource
beeane degraded and the regrowth
danaged (ch.  12) ,  resul t ing ln
nalformed and defective trees.

A Woods and Forests Departnent was
founded in 1895 and headed by a
professional forester (J. Ednie-Browrr)
who dled four years later. The chlef
regulation at this time ltas that only
t r e e s  o f  d . o . b .  c .  5 0  c n  c o u l d  b e
legally cut. There was lnsufflcient

-76 -



staf f  to  pol ice th is  ln  the forests . .

Concern about the above matters
resulted ln the Royal CommLsslon of
1903-1904 investtgatlng how long the
forests would last given the rate of
cutting. l{ortrever, the Comtrission could
not call any witness to provlde an
authorltative value of the annual
d.o.b.  growth rate of  jar rah.  The
Comission found that there was no
dlfference ln quality between hewn and
sawn sleepers, and that ln sleepers,
scantling, pickets and paving blocks
hewing obtained about 60 per cent of
the timber in a 1og agalnst about 70
per cent fron sawnllllng. I{ewers
should therefore not be allowed to
precede sawmlllers ln the cutting of
v l rg ln forest .  A n in i rnun d.o.b.  o f  76
cm rras recolmended for cuttlng. A
minLmum of 73 cn was adopted by
Government ln 1905 1n order to reserve
for  the future t rees of  smal ler  d.o.b.
(the growing stock).

The Connlsslon also recomended
the foundatlon of a Forests Departnent
and the disposal- of tlnber by royalty
only, but nothing effectl.ve was done
until the appolntnent of Lane-Poole as
Conservator  of  Forests ln  1916.  The
result of this delay rras that large
nunbers of poles and piles were renoved
il1egally, greatly deplettng the
stocking of the younger age classes
(Harris 1956). ll lth the implementatlon
of  the Forests Act  of  1919,  the Jarrah
forest rras no longer unmanaged.
Conmercial- cuttlng was by the
harvesti.ng of sna1l groups of trees
rather than lndividual trees. The
object of thLs procedure lras to create
openlngs j-n the forest for natural
regeneratlon.

The use of  a mln imum d.o,b.  to
restrlct cutting of stands was
crlticized. Vested lnterests claimed
that lt added to the eipense of worklng
a forest  (W.G. Picker lng,  Western
Austra lLan Par l iament  1918b) .
Lane-Poo1e (1921)  regarded 1t  as a
faul-ty selection systen when appJ-ied to
virgin forest because the selectlon of
trees rested wlth the sawmiller instead
of the forester. Most of the volume in
virgln j arrah forest ls ln the mature

and overnature t rees of  large d.o,b,
The flrst trees renoved should be the
unsound overmature trees rrhlch have
ceased Eo grow (the static volume of
the forest ) .  Deforned unders ized t rees
shoul-d also be renoved then. Such a
procedure results in a nore productive
growing stock, capable of growlng logs
in a shorter tlme. Furthermore, the
proportlon of useful volurne removed
under the mln lmun d.o.b.  cr l ter lon
jeopardlzed the future of the
sawnilling industry (Jacobs 1955).
Because of the high cost of renoving
cull (overnature, useless) trees lt has
not been economlc to follorr this 1deal
procedure.

MaJ or achlevements of the I'orests
Department in the 1920s lncluded the
class i f icat lon and dedicat ion of  State
Forest ,  lnventory of  the forest ,
introductlon of royalties, the
preparation of worklng plans deslgned
to reduce overcuttlng and lncrease the
ltfe of n111 towns, and the abolltlon
of  the u in lmum d.o.b.  regulat lon
(Robertson 1956) .  Trees to be renoved
and thelr directlon of fal1 were narked
by Forests Departnent personnel-. Thls
avolds damaging the trees retalned (and
hence pteserves the dynamlc volurne of
the forest) and ensures that the
untiLlzable part of the bole is not
wasted.  Surpr ls lng ly ,  outsLde the
Forests Departnent the idea that a
forest Ls ra mlne of timber to be
worked out and then desertedr stil l
pers ls ted (KesseJ-L 1928) .  Tt re 1929
worklng plan for Jarrah attenpted to
place the tlnber industry on the basis
of a regulated-yield. Previously, the
volune of tinber cut was controlled
only by the nurnber and size of the
nills whlch happened to be establlshed
at any partlcular time. Nunn (1957)
noted that

'lt has been posslble durlng four
decades of actl-ve forestry to
brlng a eucalypt forest of betrreen
four and five nl1llon acres to a
fa l r ly  sat is factory condl t lon of
forest nanagement under working
pl"ans t .

A large part of the northern
jarrah forest has now been cut-over two



or three tlnes, nalnly under the
Australian group selectlon schexne
descr lbed above (Jacobs 1955) ,  The
reasons for thls less intenslve
approach were outllned by Stoate
(1923) |

r I f  condi t ions here were as in
sone other countrles, where forest
management has been practlsed over
long perlods, and density of
populatlon has rendered a closer
utllisatlon possible of all klnds
and classes of wood, the treatment
whlch would be followed to achLeve
the best results for a
1lght-denandlng species llke
jarrah would be clear-felllng,
fol-1owed by even-aged crops. Thls
means that the nhole of the timber
standlng on a specified area of
forest nay be sold each year
rdithout restrictlon as to girth,
nethod of felllng, or cleanLng up,
nakLng the supervision of the bush
of minor consequence' .

Haulage of logs by bullocks and
horses to depots along the rallway
llnes contlnued untll the 1930s when
tractors nere lntroduced (Stewart
n.d. ) .  The great  mass of  logs (up to
15 t) and low recovery (usually < 35

per cent) at the xnL1l dlctated short
haulage dlstances to ull-ls (average 20
kn) and mininun handllng (Hartley
1946). By rhe end of rhe 1939-45 nar,
trucks began to repl-ace the use of
loconotlves and railhrays (O'Brlen 1938;
Robertson 1956) .  For  l l lust rat ions of
early loggtng actlvltles' see
Ednle-Brown (1896,  f899) ;  the
Austxalian Forestrg Journal (vo1. I' pp
18-25,  1918) ;  and Forests Departnent
( f959) .  S ince the l -a te 1940s the axe
and cross cut sahr have been repJ-aced by
polrer saw and then the chain saw for
the fe l l ing of  l rees.

originally the jarrah forest
produced t rees of  150 cn d.o.b,  over  an
estlnated physlological rotatlon of 800
to 1000 years. Under uanagement ' the
forests have been changed with the
object  of  prov id ing t rees of  d .o.b.  c .
70 cm wlthln 90 to 120 years (Kesse11
and Stoate 1937) .  The propor t lon of
useable volurne in the nanaged forest ls
considerably more than in the virgin
jarrah forest .  The great  boles of  long
length whlch gave the virgin forest
such a large volume of rrood are
unlikely to be grown agal.n, other than
ln areas of the northern Jarrah forest
set aslde from future timber
product ion.
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CHAPTER II

In thLs chapter rre integrate
lnformation fron Chapters 7 (Growth), 8
(stand Establlshment) and 9 (srand
Descr lp t lon) .  We a lso d lscuss stand
dynanics and productlvlty tn relation
to past, present and future forest
management ,

In the jarrah forest, prlvate
enterprise renoves the valuable parts
of the stand and Government (through
the Departnent of CALM) is responsibJ-e
for all slllvlculture, protectLon fron
wildflre and dleback (phgtophthoza
cinnamomi) hyglene. In order to secure
adequate regeneratlon, the Departnent
of CALM controls the cut; othenrlse
Iarge worthlesa trees woul-d be l-eft to
overtop promising groups of poles or to
occupy ground which night support new
growrh (stoate 1923).

The basls of all silvlcultural
work 1n tbe jarrah forest ls that the
regeneratlon is the result of the
fe11lngs themselves (Nuna 1957). Thls
Ls effected Ln two ways: lmmature
growlng stock is retained and protected
durlng logglng operatlons, and a
controlled flre Ln advance of logglng
and subsequent dLsposal burnlng of lop
and top provldes ashbeds for
gernlnatlon of seed dlspersed fxom the
trees remalning and renoves debrls
whlch rnay later danage crop trees. The
use of the Australian group selectlon
scheme, involving the removal" of slngle
t rees or  groups of  t rees (Jacobs 1955) ,
results ln openlngs ln the stand whlch
release dornant advance growth (van
Noort 1960). The opetrlngs as such are
not as lmportant as the reduction 1n
conDetltlon from other trees.

The goal of the fores! manager ln

Stand Development, Treatment and
Productivity

tendlng Jarrah forests is to dlscover
the essentl.al requlrenents of jarrah
and provlde the best condltions for
grolrth. The dlfficul-ty in the earLy
days was that forest nanagement could
not h'ait for the results of
experimental studles of silvlcultural
problerns (Kessel l  1943) .  A very large
tlmber lndustry rras extant before the
Forests Department came Lnto exlstence.

tEslsrleal

Before 1919,  no s l lv lcu l ture was
practised 1n the I arrah forest. The
forest regenerated naturally as trees
aged and dled. Logglng sinply
accelerated regeneration in space and
time. Uncontrolled flres resultlns
fron the accu:nulation of logglng debils
despolled much of the regenerating
forest .  Thus,  a survey of  over  16 000
ha of cut-over jarrah forest near
Collie found the average nunber of
sound jar rah r r ' l th  d.o.b.  25 cn to be
6.0 ha and useless Jarrah to be 52.3
ha (annua-t Report 192L).

IrL 1929 the last of the Tinber
ConcessLons (ch. 10) explred, and the
stands of Jarrah wlthin them came under
Forests Department management for the
f l rs t  t lne (Stewart  n .d. ) .  In  the
1920s and 1930s nost  of  the h ieh
qual l ty  forest  was g iven arregenerat ion c leaningr  (F igs 2 l -25) ,
1n which worthless Jarrah and marrl
trees lrere tenoved. Restockins wlth
sound stens rather than thlnnlie was
glven f l rs t  pr ior l ty  (Lane-poole 1.  d .  ) .
Rehabllitation of- cut-over stands
galned inpetus from cheap labour
avallable during the Depresslon of the
1930s,  and I 'as completed by l93g
(Stewart  n .d.  )  .
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Figure 21
Stand improvement in progress. Note ring-barked cull trees.

Figure 22
Stand improvement creating openings in preparation for regeneration and leaving healthy growing sl in groups for later
logging.
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Figure 23
Final burn (after stand improvement) for regeneration.

Figure 24
Jarrah sapling stand three years after regeneration cleaning (1925) c. 20 years after heary logging.
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Figure 25
Eighteen-year-o1d^secondgrowthjarrah.Dw-ell ingupDivision(1932).Tallestpoleis20minheight.Notefi. ' i i l ledvererantreeat
right and result of regenerarion cleaning of the srand.
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The sequence of sllvlcultural
operations in the forest was as follows
(Forests Depart roent  1927)  :

operatlon Purpose

(1) l,ow intenslty flre before To reduce fuel and lessen
logging risk of wildflre during and

af ter  logglng,

(2) Tree marking (trees to be logged), To control logglng, avoid
thelr dlrectlon of fa1l narked waste, retain grorrlng stock,
and growing stock (seed trees) to and avold damage to lnnature
be reta ined t rees.

(3) Logglng Coanercial.

(4) Regeneration Cleanlng To encourage developnent of
. Removal of useless trees and j arrah regrowth (we11 formed

undergrowth stooL coppice).
. Retention of seed trees To restock blank areas from

natural seed supply.
. Italf ring-barkLng of seed trees To stlmulate seed production.

(5) Flnal burn To burn lop and top and
provlde ashbeds for seeding
and accelerating earl-y growth
of j arrah.

(6) Removal (by cornplete ring-barklng) To reduce conpetition.
of  seed t rees once establ lshed.

(7) Protectlon of regeneratlon from
f l re

To prevent malformation of
young stems.

Accordlng to Stoate (1923), all go back and cut trees lrhlch should have
useless t rees of  d .o.b.  < 30 crn had to been destroyed,  but  the converse ls  not
be coppiced and a l l  uselesg t rees of  possib ler .
larger  d.o.b.  not  Eeet ing the standards
(very htgh) of the day were to be The work done ln openings
ring-barked. rUseless treesr were not consisted of fel1lng all nalfonned
defined by Forests Department (1927). (nainly flre-danaged) or seriously

darnaged sapllngs and poles whlch could
No tree contalnlng a quantity of not develop into satlsfactory logs. It

sound tlnber was to be ring-barked was consldered better to have the
because of lts probable value in the ground occupled by those trees
future. Such trees nere to be left for supportlng a potentlally useful crop.
logglng 20-30 years later. No Any opening s'as to be at least 20 n
vigorously grolring lnmatuxe tree was to wide; openlngs too much larger were not
be cut because these would mature nore favoured because they exposed young
qulckly than the seedlings whlch would crolrns to danaglng agencles rrhlch were
replace theu if they rrere destroyed. thought to encourage forklng of stems.
When ln doubt, the Forestergr Manual of Useless poles were felled 30 cm above
1927 lnst ructed foresters to  err  on the ground,  and those of  d.o,b.  < 30 cm
1lght slde: rlt is afurays posslble to were felled as close to the sround as
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possib le ( r rnul l in izedr)  so aa to Lnduce
strong,  s t ra ight  coppice.

A11 txees of  d .o.b.  > 38 cn and of
no future value were ring-barked.
Rlng-barking was to be partlal (hal-f of
the glrth not rung) where regeneration
from seed rdas necessary. An
unresolved, though in retrospect
unimportant, problem was whether
ring-barklng should be done when buds
are formlng, when flowers are open,
iThen seed is about to fall, or not
unt1l seed is on the ground (Stoate
1923) .

Treatments early in the floral
cycle influence blossom and seed
production. By L927, l-t caEe to be
reallzed that it was often unnecessary
to retain seed trees because of the
abundant advance growth (arnuaT Repott
1927). Seed trees proved to be a
dilema: if they were 1ef t they .tended
to suppress the regrolrth; lf they were
later renoved, the logglng often
danaged the regrowth. Thus the
treenarker had to decide whether the
seed tree could be removed r^rlthout
darnaging regrowth. Large marrl were
tsap rung t (e. 10 cn band of both xylen
and phloen tlssues was cut out) and
small narrl were ring-barked (a band of
phloern was removed). AL1 feLled trees
were then arranged so that thelr
branches 1ay on the ground, ltr order to
help form ashbeds, A11 lop and top was
cleared before burnlng for a dlatance
of I n fron retalned trees.

As detalLed ln Chapter 9, marrl
occurs throughout the Jarrah forest.
Because conmercial cuttlng was conflned
to Jarrah, the reEaining proportLon of
marrl to jarrah ln the aeed trees
lncreased, unt11 the lntroductlon of
regeneratLon cLeaniag ln the treated
6tands. Thls dld not lead to narrl
fornlng a greater proportion of the
regrovth of the origlnal forest (anaual
Report 1928). Because both species
have simllar rate of grolrth 1n helght,
the removal of codoDlnant marrl
constituted a useful crolrn thinnins
(Annual Report 1928) .

Dl.fferences ln professional
opinlon occasionally arose. Harrls

(personal conmunlcatlon*) felt that
felltng .of a1l, danaged stock resulted
nerely ln masslve stool copplce, a galn
of nothlng. He regarded the best
treatment as removal of the competitlve
unnerchantable trees in order to
stimulate regeneration. The
dlsadvantages of regeneration cleanlng
include rlng-barking of unconmercial
tlnber beconing narketable later and
the subsequent lncrease ln dead
stagheaded trees causlng a fire hazard.
After 1935 rlng-barking to lnduce
seeding ceased because of wastage of
the then non-conmercial poles which
would later beeome narketable. The
standard of acceptable sapllng was
reduced and the felling of trees to 15
cm d.o,b,  s topped (Harr is  1956) .  0n
balance, regeneratlon eleanlng proved
useful, as many prime janah stands
resul ted.

Some stand lmprovenent work was
carrled out concurrently (Ftgs 26-28).
Thls involved the renoval of so-called
cul1s (1arge over-nature t re es )
suppresslng young growth (a thlnning
fron above or removal of overhead
conpetition) and the thlnnlng of groups
of  poles and p l les.  There were no
deta i led prescr lp t lons.  For  the
hlstory of early thlnning treatnents,
see Canpbel l  (  1966)  .

Regeneratl.on cleanlng and stand
lmprovenent ceased due to shortages of
labour during the 1939-45 war. They
wexe not revlved after 1945 because the
cost of labour had rlsen greatly whlle
the Forests Departnent budget remalned
stat lc .  Dur lng the 1950s and 1960s
enphasLs rras on renoving the least
thrifty stens. In the 1970s when the
cause of dieback disease rras
appreclated, the enphasls changed to a
more lntenslve cut in order to reduce
the area cut-over (Forests Department
1972) .  A response to conta ln ing the
spread of dleback fungus lras the
complete cutting of badly infected

A.C. Ilarrls - retlred, fornerly
Forests Department of W.A.
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stands.  The operat ions prev iously
l is ted are s t i l l  carr ied out ,  apar t
f rom regenerat lon c leanlng and
r lngbark lng ( i teurs (4)  and (6) ,  page 83)"

The logging of mature and
overnature trees was continued, and

transnission poles and bridgtng piles
nere a lso cut  when requl red.  A11 t rees
of  d.o.b.  > 60 crn were rernoved f rom
stands of mean mature codominant helght
)  20 n,  unless regenerat ion was
inadequate for  restock lng.

Figure 26
Sixty-year-old jarah pole stand (1930s) before thinning.
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Figve 27
Sixty-year-old jarah pole stand (Mundaring Division, 1930s) immediately after thinning. Note unwanted stems stacked against
cull tree.

-8  6 -



Figure 28
Thinning of sixty-year-old jarrah pole stand (Jarrahdale Division) from above.
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i ince 1967 stand inprovement
rather than regeneration has been
euphasized (F ig.  29) .  This  involved
thinnlng stands of imnature jarrah
trees resulting fron the treatment of
the I930s,  removal  or  k i l l ing of
useless or  cu l l  t rees,  and the k i l l tng
of  the densest  component  of  the
understorey' Banksia grandis. These
pract ices were fac i l l ta ted by the
appl icat ion of  hornone- type arbor ic ides
(2,  4,  5-T and tordon)  to  prevent
coppice developnent from stumps. For
deta i led prescr ip t lons for  each
procedure,  see Forests Departnent
( 1 9 6 4 ,  1 9 7 2 )  .

Inprovement rtork came to be
confined to stands in so-called_.
Intensive Managenent Untts (Kinber').
These were areas chosen because they

Forest Department
7 9  / 7 2 .

f i l e  H . O .

had a low incidence of dieback disease
and a h igh propor t lon of  A c lass jar rah
forest  (see ch.  9) .  The smal l  amount
of money available could then be spent
on the nost worthwhile stands. The
object lras to nalntain the hlghest
posslb le y ie lds and a heal thy forest
(Forests Department  1972) .  The
following procedure was followed:

(1)  A11 stands were to be assessed for
adequacy of regeneration 25 years
before f ina l  fe l l ing.

(2) After burning of lop and top, fire
was to be excluded untll sapllngs
had reached a size hrhere they
would not be damaged by prescribed
low j.ntenslty fire.

(3) Regeneratlng stands were to be
thlnned tnttlally to about 1100
(stage (5))  ha- l  when ten years
old. Ilowever, this would be
uneconomic, so instead thinning
was to be defetred untll the

ta l lest  s tensu e r B r r L  u !

ha-l reached c. 18 nr.
+

Figure 29
Increase in leaf density ofjarrah crowns after thinning of a 40-year-old pole stand and poisoning of stumps: left, 9 months after
thinning: right.35 months alter thinning.
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(4) Subsequent thinnings were to be
nerchantable, wlth the tining
dependent on avallability of
markets and full stockine of the
s i t e .

(5) The exlsting crop was to be
brought into a nore even-aged
condition by the renoval of all
merchantable j  ar rah wl th d.o.b.
2 72 cm, by the removal of snal1
treea with poor crovns or
nalforned stems, and by the
poLsonlng of competlng cull trees.

(6) Dense thlckets of B. grandis were
to be poisoned and jar rah
regenerated 1n 1ts  p lace.

Kinber  developed the I .M.U.
concept in response to the rsmall sun
of money Spent on j arrah
sl lv lcu l turer ' .  I le  reasoned that
because about half of all trees in the
forest became malformed by flre ln the
f l rs t  30 years of  1 i fe ,  the younger age
classes should be concentrated ln
relatlvely smaller areas where flre
protect lon could be bet ter  managed.  In
effect Klnber recognized the practical
shortcomings of the Australlan group
selection scheme and advocated other
logglng systems resul t ing in
concentrat lon of  age c lasses.

Appl icat lon of  the I .M.U.  concept
sta l led ln  the ear ly  1970s because of
uncertaLnty about the extent and
locatLon of bauxite nlnlng wlthln hlgh
quallty Jarrah forest and the
prevaiJ-lng pessimlsn about the effect
of dleback fungus on the forest. The
nost receDt guidellnes for cuttLng and
regeneratlng Jarrah stands are given by
the Forests Departnent  ( f981) .  Because
of nany factors there 1s now no unlforn
prescrlption: logglng varles according
to najor land use, stand health,
structure, and sLte quality.

Forests Department
1 4 / 6 9 .

The ultinate aln is to malntain or
improve the health and productivity of
the forest, by selecting and protecting
future crop trees and by strengthening
the capacity of the forest to tolerate
the fungus Phgtophthora cinnamomi. The
most recent prescription for
silvicultural treatment of j arrah
(Bradshaw 1986) ls deslgned to Ealntaln
the most rapl-d diameter lncrement
consistent lrith naximum wood
production.

The question of forest utiu-zation
- the most appropriate methods of
harvestlng, convertlng and profltably
d lsposlng of  forest  produce (Kessel l
1921a) - fall-s outside the scope of
th ls  Bul le t ln .

Elesq-4ges&s

Caurpbell (1956) states that under
virgin jarrah forest there ls enough
advance growth present to ensure the
establishment of a new forest rrhen the
vlrgln one ls felled. A najor
shortcoming of thls vlew ls that the
signiflcance of the early stages of the
development of jarrah was not
recognl.zed. Consequently, there are
areas of jarrah forest nhlch do not
regenerate after logglng because of
lnsufficient numbers of ground coppice
(stage (21)). Even though gerninatlon
occurs yearly some of the seedllngs
fa11 to survlve or develop into
incipl.ent growth coppice, Remnants of
vlrgin forest that we have lnspected
differ conslderably in the stages of
regeneratlon present. There ls also
much variatlon roithin the one rennant,
rrLth patches of snaLl poles anongst
consLderable ground coppice (Ftg. 30;
see a lso l lar r is  1956;  van Noort  1960) .

Beglnning with seedling
establishnent, the devel-opnent of the
stand ls lnfluenced by the site and
specles,  age and densi ty  of  the t rees.
Inherited vigour, favourable posltion
in the stand, and freedom from
inlmlcallties nust all contrlbute
dlfferentlally to the survlval and
gro!fth of seedlings, and rapld
development of the li.gnotuber. Sone
saplLngs and poles begin to emerge as
the doninant or codominant nembers of

f l l e  H . O .

- 8 9 -



Figure 30
Example of advance sapling and pole growth around fire-killed veteran tree in virgin jarrah forest (Location 44596).
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the developlng stand, wlth the rest
belng forced lnto subordlnate
posi t ions.

Conconitant lncrease in stand
denslty makes the envltonnent less
favourable for development of
lndlvldual trees. Natural thinning ln
crowded clumps of sap11ngs, poles and
plles is in part due to lnherited

dl-fferences ln growth and external
J.nfluences, partlcularly flre. Over
tlme the nunber of stems decreases, the
di f ference ln  d.o,b.  between domlnant
and domlnated becomes nore pronounced,
m o s t  o f  t h e  s t a n d  b . a . o . b .  i s
contributed by the overstorey and crown
cover and crolrn area increase (Table
42). Forest managenent seeks to
suppleEent and accelerate this natural
thlnnlng process.

Table 42

changes in various stand properties with development,
based on comparison of three types of jarrah stand,

Dwellingup Division (after Hatch l-964).

Stand

virgin Pole Young Pole

Whole Whole Whole
Characteristic stand Overstorey (c) stand Overstorey stand Overstorey

Age (yr) c.  l -000 2a4 1

No.  s tems (a)  ha- l  198

b . a . o . b .  ( n 2  h a - l )  3 8  2 9

v . u . b .  ( b )  ( I n 3  h a - l )  2 6 9

crown area (*) 73 55

crown cover (t) 62 53

Plo t  s ize  (ha)

870 - I O97

3 6  2 5  3 2  2 L

1 5 5  -  1 0 8

6 8 5 6 - 4 0

5 9 5 4 - 3 8

o . 7 r 0 . 8 1 o .  6 1

(a) AII stems with al.o.b. >10 cm. l4arri is includ.ed.

(b) No allowance for defect.

(c) Dominants, codominants and sub-dominants.
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Early intervention in typlcal
copplce stands (Chandler  1939;  Bednal l
1942)  was f ru l t less,  as helght  and
diameter growth were little affected by
thinning of coppice clumps to one or
two coppice stens per  s tool .  This  is
because the thlnning stil l left the
stand in an overstocked condition. The
questlon of thinning jarrah coppice is
thus nore one of removing the malforned
codominants to favour those of good
form and vigour. Control of unwanted
copirice did not become possibLe untll
1959 when arbor ic ldes nrere f l rs t  used.
Without such control, coppice rapidly
r e s t o r e s  s t a n d  b . a . o . b .  t o  a n
overstocked condi t ion.

A delayed crown thinning in
regrowth jarrah (53 years oLd,
codominant helght 20 n) doubled
(relatlve to an adjacent unthinned
stand) the merchantable volume
lncrement 28 years later (experiment of
Bednall and Kinsella ln Mundlinup
block,  sumnar lzed by Podger 1959) .  The
resul-ts of several other experiments
have been collated (Abbott and
Loneragan 1983c), In agreenent lrlth
wor lduide ev idence (OrConnor 1935;

CraLb 1947;  Mol ler  1954;  Opie eL a l  .
1978) they show that thlnnlng should be
carried out as early as posslble to put
as much gronth as posslble on the
valuable present  or  potent ia l  crop
trees. Diameter growth ls lnproved and
the length of the rotatlon is
shortened.

For example, consider a stand of
p o l e s  o f  d , o . b .  3 0 - c n  g r o w i n g  l n  d . o . b .
a t  0 . 2  c n  y r  r .  I t  w o u l d  t a k e  1 5 0
y e a r s  f o r  i . o . b .  o f  6 0  c m  t o  b e
at ta ined.  Wi th th inning so that  d.o.b.
growth rates were increased to 0.4 or
0.6 cm l i r - l ,  th is  Per iod reduces to 75
or  50 years respect ive ly .

Since wrltlng our review of
th lnning exper inents in  the jar rah
forest (Abbott and Loneragan 1983c) we
have analysed the data of the Mundllnup
experl-nent ln detail. Inspectlon of
varLous ear ly  repor ts  (Podger 1959;
Forests Departuent  f i le  11.O.  133/58)
showed conflicting flgures. These have
been resolved and an accurate sumary
ls presented in Table 43. The stand
was first logged ln 7872, and

Table 43
j a - r 3 5 , 5 i '  i " e
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Figure 3l
Comparison of(a) d.u.b. increment, (b) mean d.u.b. of thinned
and unthinned plots in Mundlimup block for 50, 100, 125, 150,
200 largest stems per ha. The thinned plot lacks 150 and 200
stems per ha. Based on measurements in 19 56,1962,1972,198I.

regenerated after wlldfire in 1875. In
1928 when the stand was glven a
regeneration cleaulng a smal_1 section
was left untouched. Plots rrere
installed then. In 1957 the thlnned
plot nas subdlvided and copplce was
removed from one half and retalned on
the other half of the plot. The
character of the stand before 1928 has
been lnferred fron the dl-aneter of the
stumps and the use of crown ratlos
(Podger 1959). By 1928, the nunber of
jarrah stems ln the thlnned plot had
more than doubled and the b.a.o.b.  nas
two thirds of that ln the vlrgin stand.

The 1928 thlnning reduced stand
b . a . o . b .  b y  h a l f ,  b u t  b y  1 9 5 6  1 t  h a d
attained lts previous l-evel of 1928.

Deta l led analys ls  of  d .u.b.  growth
on these plots ls posslble only slnce
1956, when the Inventory and Plannlng
Sectlon of the Forests Departnent took
over plot mensuratlon and bark
thickness of each tree nas first
neasured. When the 50 and 100 largest
trees per hectare are consldered, the
grolrth rate of the trees j-n the thinned
plot ls superior to that ln the
unth inned stand (F ig.  3 l ) .
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Lane-Poo1e (n. d. ) suggested fron
the crolrn shy nature of jarrah that
under intenslve sllvlculture the alm
shoul-d be to attain 50-60 trees of

.  - 1
d . o . b .  6 0 - 7 0  c m  h a  '  o r  a  b . a . o . b .  o f
18 n2 ha- l .  I le  real ized correct ly  that
root conpetition was nore lnportant
than competitlon for llght, a factor
espoused by Richardson (Annuaf Repoxt
J,9I2), However, ln contrast, Kessell
and Stoate (1937)  considered that
conpetj.tion for limited soil noisture
had been over-emphas Lzed.

Ihe 1972 prescription (Forests
Departnent 1972) dLctated thinnlng to
s t a n d  b . a . o , b .  o f  c .  1 5  n 2  h a - ]  w L t h
about 270 crop trees remalning per
hectare, These regrowth stems are
50-70 years o ld and of  d.o.b.  20-30 cn.
Thlnning to waste is costly and
wasteful of wood resources assunlng the
avallabi11ty of future narkets for
currently unutilized wood (Stonenan
unpublished data). However, thinnlng a
Jarrah stand to \daste at age 40 years
is a sounder flnancial operatlon than
leavlng a pole stand unthinned untll
enough trees of saleable size are
avallable to cover the cost of a
thlnalng operatlon (Ktnber 1965).

In earlier times, doubts were
frequently expressed about
clear-fe11lng or heavy thinnlng of
j arrah stands. Trees were regarded as
developing more side branches, and
lncreasing diameter increnent at the
expense of wood quallty (Stoate and
Wal lace 1938) .  Ev ldence for  th ls  coxnes
fron jarrah in open-grown plots
established at East Kirup ln 1941 and
at Inglehope ln 1955, but only for
t rees on the edge of  these p lots .

Young jarrah regrowth was stated
to gxor/ straighter under a llght
shelterwood or ln eomparatlvely sxnall
openings ln the forest than ln
extensive openings fron whlch
practicalLy every menber of the
original stand had been renoved (annual
Report 1937). I{owever, this view falls
to recognize the importance of regrowth
denslty ln that good forn can be
attalned with wlder spacing between
regrordth stems in snal-1 gaps than ls
posslb le 1n larger  gaps (Jacobs 1955) .

The clear-fel1lng system applled to
jarrah was consldered undesirable
(Lane-Poole,  n .d. )  because seed years
axe too far  apar t .

Therefore, Lane-Poole endorsed a
clear-feJ-llng systen nith seed trees,
although this nethod night destroy
useful lnnature growing stock.

The cutting down of potentially
useful 20 to 50-year-old trees ln order
to attain an even-aged stand over a
whole conpartment was considered too
prodtgal  (Lane-Poole n.d, ) .  Never the-
less,  c lear- fe l l lng was pract lsed at
Collle .to supply flrewood for nining,
and much of the catchment of Mundaring
Reservolr was rlng-barked by the Publlc
Works Departnent in 1903. Furthermore,
as noted in  Chapter  10,  par ts  of  the
forest close to nil1s and rallways were
clear- fe l led before 1919.

Self thinnlng of overstocked
regrowth stands probably occurs durlng
centuries of tLme as a resul-t of both
fire and suppresslon due to conpetitlon
for soll moisture. Lorr intensl-ty fire
hastens the death of doml-nated trees
lrithout affectlng the crorTrs of the
codominants (Ilarris 1956), I^Ilthout
fLre, however, none of the donlnated
and suppressed ttees ln a pole stand in
I{olnes block, Dr{,ellingup died (Abbott
and Loneragan 1983c) .  Suppression of
the weaker indLviduals from competitlon
results in the separatlon of lndlvidual
trees lnto dominants, codomlnants,
sub-doninants, donlnated and suppressed
(Opie et  aL.  L978) .  The propor t lon of
doninant and codomlnant stems decreased
fron 34 per cent to 21 per cent over 16
years ln the long-unburnt l{olmes pole
stand. In a 38-yeat-old regrowth stand
ln Holyoake b1ock, 90 codomlnant trees
marked Ln 1,952 had,, by f981, sorred our
into six dominants, 20 sub-donlnants
and one suppressed, Four had dled and
59 (66 per cent) remained codoninant.

Stagnation in growth of dense,
unlform stands of regrolrth may occur
three or four tlmes per century
(Wal lace and Podger 1960) .  The f i rs t
occurs ln dense sapllng stands some
l0-15 years aftet regeneratlon, and the
next when the naln crolrns forn at the
pole stage. At these tlmes
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considerable abraslon of cror^ms occurs,
and thlnning before both stages are
reached would be useful. However, the
precise details about nhen to thin
jarrah stands are not knor{rn. The
appl lcat ion of  0rConnorts  corre lated
curve trend nethod (Marsh 1957) would
be difficult given the lrregularity of
j arrah stands .

The process operatlng in jarrah
forest may be inferred frorn describing
stand structure, but the method is not
totally reliable (Abbott 1984b). Two
models rnay be applied. In the first,
disturbances are regarded as sna1l and
infrequent reLative to the degree of
competitlon experlenced among trees in
the stand. The presence of relatj-vely
few smaller diameter classes could thus
indicate strong competition fron the
exj-sting overstorey. Alternatlvely,
competition may be less lmportant than
continual and ublqultous disturbance,
In th ls  case,  the presence of
relatively few snall dianeter classes
inplies that there has been llttle
recent dlsturbance. Stand structure ln
both virgin and cut-over jarrah stands
is  d iverse (ch.  9;  Abbot t  1984b) .

In virgln forest, advance growth
persists lndeflnltely in a dormant
condltlon (van Noort 1960). Growth of
ground copplce ls very rare, even
though the numbers of dormant ground
coppice and earlier stages practicall-y
doubled over  20 years (van Noort  1960) ,
Advance growth is concentrated under
gaps in the canopy, r,lth rhe hlghest
concentratlon on ol-d ashbeds.

When virgin jarrah fotest is
logged, recruitment comes not from seed
but fron exlsti.ng ground coppi.ce,
saplLngs, poles and stuup coppice.
Seedllngs, lignotuberous seedJ-ings or
seedllng copplce do not innedlately
forn saplings. Instead, shoots gxokt
fron the llgnotuber resultlng lu a
henlspherical multi stemed bushy shrub
< I m ln helght (Itarris 1956), untll
reLeased later for regrowth
development .

Ground copplce only develops into
the sapllng stage nhen the llgnotuber
attains a dlaneter of c. 10 cn

(Canpbe1"1 1956) or long axls of c. 15
cn (Abbott and Loneragan 1984b). In
the absence of any adversi.ty, a
seedllng ln typlcal fully-stocked
stands takes 15-20 years to attaLn this
llgnotuber slze (van Noort 1960; Abbott
and Loneragan 1984b). If the logging
is very llght, ground copplce does not
respond although nany seedling coppice
nay develop (Abbott and Loneragan
1 9 8 4 b ) .  H a l v i n g  o f  r h e  s t a n d  b , a . o . b .
results in about one-thlrd of ground
coppice developlng into sapllngs
(Abbott and Loneragan f984b). Ir rhen
takes 5-6 years for dynanic ground
coppice to reach 5 n in heLght
(Canpbe11 1956) .

The deep,  ln fer t l le  so i l  o f  the
jarrah forest  (ch.  4)  nay be
responsible for the early slow
development of Jarrah regeneratj-on.
There is a need to establish whether
the lignotuber size of 15 cm
corresponds to the tixoe when the roots
gain access vj.a flssures to underground
supplles of rrrater.

Because of the great age of trees
in vlrgin forest, a J-ong perlod of
decline is probably the rule (Harrls
1956). This provides an opening of rhe
canopy and a long regeneration period
durlng whlch the netr crop of advance
growth establlshes under the parent
stand (Table 44) .  That  is ,  the decl ine
and not necessariJ-y the death of a
veteran tree reduces competition
sufficlently to allon developnent of
the dynanlc shoot. In the snal1
openings caused by the deaths of
ind iv ldual  t rees,  I lar r is  (1955)  noted
abundant regrowth consl.stl-ng of from
3-20 codoninant stens, Such groups
were observed to be scattered
throughout virgln forest; thls is
expected fron the patchy nature of
regenerat ion (see Table 44) .

An experlment in Anphion block
(Kinber unpubllshed data) to determine
whether flre or removal of shoots
stlmulates advance growth lnto
produclng a dynanic shoot found no
effect. I{owever, no llgnotubers lrere
measured,  so i t  ls  d l f f lcu l t  to  be sure
that all of the advance grohrth rras
actually inciplent ground copplce. The
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length of the longest shoot grown earlier days. Bradshaw (personal
betneen October 1965 and llay 1967 conmunlcation*) disagrees and suggesrs
ranged fron 62.2 cm (a11 stens cut off) that lack of conpetitlon may have been
to 80.0 cn (contro l ) .  the cr l t ica l  factor .
Harrls and Wallace (1959) speculated
that areas of dense regrowth stands
along the older logging railways had
developed,  not  ln  sp i te  of ,  but  because
of the regular 1lght burning caused by *. J. Bradshaw - Departnent of CAI_M,
locomotlves lacklng spark arresters in Bunbury .

Ta,ble 44

Regeneration in virgin anal cut-over jarrah forest
(data of Stoate and Helms 1938).

Stages of Regeneration ( ' ,)
(nunbers ha-l )

*  m i  I  ^ ^ r A  6 t ^ | c

without regeneration N (a) 2+3 4a 4b
Total

10a 10b j arrah l'larri (c)

Cut-over forest

6 3 . 0

6 4 .  A

62 .5

8 8 . 0

6 8 . 0

7 7 . O

34.' l

Virgin forest

64 .O

6 2 . O

3 4 . 4

6 0 . 0

a 2 . o

730 198

896 472

624 205

274 62

230 516

200 6t7

180 138

80 LO47

500 632

500 a25

500 4637

500 t254

500 974

500 67'7

52 859

3'7 640

69 88r-

a9  1163

10 800

86 531

r.5 247

o 2746

15 4A4

10 3694

30  3081

15  2607

25 1457

0  3 3 6

188  106

170 143

244  119

10  10

684 259

2 5  1 2

207 30

0 0

1403

1688

2094

1820

492

2630

L27 !

2793

1334

1324

8341

43 65

3 600

2L59

701

388

5 3 1

654

22L2

558

1180

0

99

104

188

2

(a) No. ni lacre quatlrats.
(b) Stages of regeneration: 2+3 = tignotu.berous seedling + seedling coppice

4 = ground coppicer a, t{ith leaderi b, no leaaler
10 = stool coppicei a anal b as above

(c) li{arri tr'as not differentiatetl into stages

Note that seedlings (stage 1) were excludeal.
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Wn"t f" r"."o".tf. . t

Early foresters rdere concerned
most about stocking of the early stages
of  regenerat ion in  the jar rah forest ,
Thls was quantlfied by using nilacte
quadrats in both cut-over and vlrgin
stands (see Table 44) .  The percentage
of mllacre quadrats without
regeneration varied fron 30 to 88 per
cent in cut-over stands and fron 35 to
82 per cent in vlrgln stands. The
nunb er of jarrah tegeneratlon (stages
(2)- (4))  ranged f rour  c .  1000 to 8000
h a  r .

+
Stoate regarded a milacre quadrat

as stocked 1f one or more seedlings
(Stage (1))  were present .  Four  degrees
of  s tock ing were recognized:

.  bare (0 seedl lngs /n i lacre quadrat)
1 .  e .  0  h a - l

. inadequate (< 3/rnilacre quadrat)
l - . e .  <  / 4 u u  n a  r

.  adequate (3-6 ln i lacre quadrat)  i .e .
7 400-74 800 ha-1

. overstocked (> 7/nilacre quadrat)
i . e .  2  1 7  0 0 0  h a - I

Stoate and Helns (1938)  s tated
t inat  2470 ha- l  o f  s tages (1)- (4)  eventg
distributed ls satisfactory stocklng,
Bednal l  (1938)  a lso assuned 2500
seedl ings and seedl lng coppice ( i .e .
s tages ( l ) - (3))  would be suf f lc lent  i f
spaced regular ly ;  as th is  does not
occur ,  he assumed spacings of  0 .61 n,
equlva lent  to  c .  12 000 ha- I .

( 1 )

o r  ( 2 )

o r  ( 3 )

o r  ( 4 )

o r  ( 5 )

o r  ( 6 )

The regeneration cleaning prograo
of the 1930s allowed regeneratlon
blanks (space for  regenerat ton)  to  be
as narrorr as 20 u from stem to stem at
the narrowest  point .  Thls  le f t  a
mlnlmum hole ln canopy betneen the
crotms of the two nearest trees of 3-5
n  ( L a n e - P o o l e  n . d , ) .

An lnventory of some 200 000 ha of
cut-over jarrah forest ln c. 20 years
after the original cut showed (Annual
Report 1955) that all forest (of nean
mature codomlnant height I 28 u)
regenerates sat ls factor l ly  on the basls
o f  3 . 7  n  x  3 . 7  m .  T h l s ,  h o w e v e r ,
includes the seedllng coppice. In
lower quallty stands, regeneratlon is
genera l ly  sat ls factory at  5 .5 n x  5,5 n
spaclng.

The causes of poor regeneration
and differences between slte-vegetatlon
types in the amount of regeneration are
not rrell known. Contributory factors
probably lnclude site dlfferences ln
competition fron the overstorey (for
nutrlents and I'ater at depth) and flre
which k i1 ls  seedl ings,  seed t rees,  and
advance growth Lrhen lop and top ls
burned (Stoate and Helns 1938) .

DeternlnatLon of adequate stocklng
should, however, take lnto account all
slzes of jarrah fron advance growth to
the largest  t rees.  A stand was
consldered to be stocked i f  i t  carr ied
one of the followlng (Kinber 1970):

at 148 stems hs- l

at  295 stens ha- l

at  295 steEs ha- l

at  1034 stens ha- l

at  1477 stens ha- l

the equlvalent

d . o , b , ' s  3 6 - 7 3  c n

sapl lngs (3 n ta11 -

large ground coppice
l€ast  6 shoots,  wl th
exceedlng 60 cn

s6al l  ground copplce
shoot > 30 cn)

conblnat lona of  the
nurnber ha-I ,

d .  o . b .  1 2  c n )

wl th at
the longest

( longest

above to glve

Forests Department
1 9 0 / 3 2 .

The above ls
use because the
class i f icat ion do

somewhat awlmard to
elements of the

not match those

r  a_Le H.  u .
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advocated in  th ls  Bul le t ln  (ch.  7) .
Trees of  d .o.b,  > 73 cn are considered
mature and ready for logging, and have
therefore been omitted from the above
assessment  of  s tock ing.  Kiurber  (1970)
thought  that  a level  o f  65 per  cent
stock ing is  the lowest  acceptable.
Below 65 per  cent ,  the stand would be
considered under-stocked. Treatment to
establ ish regenerat lon (as descr ibed
ear l ier )  would then be necessary.

The main factor contributing to
low productivlty of j arrah stands is
unders tocking .Lof good, healthy growing
stock (Ki rnber ' ) .  Paradoxica l ly ,  nost
hlgh quality stands are overstocked
wl th useless jar rah and to a lesser
extent raTith a less desirable species
( m a r r i ) .

Until the 1960s most knowledge
about stand development and
product iv i ty  was observat lonal .  L i t t le
s i lv icu l tura l  research had been
at tenpted,  probably  for  reasons
speci f led by Stoate (  1953)  .
Manipulative experix0ents on thlnning,
fertil lzation, crown scorching and
control of seeding (Annual aepott 1970)
demonstrated the vast potential for
lncreasing forest productivity on a
broad scale.  At  present  only  $0.43
ha ' is spent on j arr_ah silviculture in
contrast ,  to  $4.88 ha '  for  karr i  and
$505 ha ' for pines (Western Australian
Par l iament  1982) .  This  par t ly  ref lects
continulng doubt about the long term
secur l ty  of  the nor thern jar rah forest
in the face of dieback and bauxite

Forests depar tuent  f l le  H.0.
1 4 / 6 9 .

uining .

The most valuable present and
potent ia l  crop t rees need to have thei r
growing space and their crowns
inproved.  Current  th ink ing in  the
Department  of  CALM is  that  se lected
high quality regrowth stands ln areas
designated for tlmber production should
b e  t h l n n e d  t o  a  b . a . o . b .  a s  l l t t 1 e  a s
10 n2 ha-1 until they reaeh sawlog slze
(Bradshaw 1986) .  A l though th is  resul rs
in very llttle loss in stand basal area
growth, this ls not cruclal because of
the faster dianeter grorrrth of the crop
trees.  There is  a need to conduct
research on the use of  N fer t i l lzer  at
these low stand basal  areas.  The
conbinatlon of fertil izer and such
heavy initi-al thlnnLng should result ln
relatively rapid growth rates.
Furthermore, if fertil izj-ng were
repeated at each thinning, then rapid
growth should continue while the stands
are fully stocked. Such a systen ls
already partlally applied to some pinus
pinaster plantatlons on the coastal
p la in near  Per th.

There is a need to ensure that
some superior trees are left in the
forest  as the parents for  subsequent
crops. Repeated thinnlng of stands
would achleve thls by leavlng behind
the best  t rees.  Thls  contxasts wi th
the possible Long term deterioration in
stand quality followlng the removal of
desl rable t rees ln  se lect lon logging.

The productlon of timber that is
free of tension wood and has the most
deslrable grain (straight or curly)
a lso requl res at tent lon.

-l-

-98-



CHAPTER 12

Adverse Influences and Causes of Death

In thls Chapter we review natural
factors that harn or k111 jarrah, frorn
seed to over-nature tree. These
danaglng agents include fire, drought,
frost, wlnd, insects and fungi. This
Chapter therefore indlrectly examines
those fact.ors governing the healthy
groa'th of jarrah. We do not discuss
unnatural factors inconpatlble with
conservatlon of the forest, namely land
uges such as ninLng, agriculture,
rlghts of way, and settlement ln towns.
An early assessment of external damages
(Lane-Poole n.d. )  nas that

rMan, his stock and hls fire
stick, are the only serlous
dangers that jarrah forests have
to face. . .  I ts  ext raord lnary
capaclty of survLving has enabled
this species to persist when a
less hardy tree lrould have long
ago been wiped out . .  .  t

There have been few specific
studles of population dynarnLcs of
jarrah of the klnd where a population
of tagged indivlduals ls nonltored over
a perlod of tlne, I{owever, nuch of the
growth data collected by the Inventory
and Plannlng Branch of the Forests
Department are based on tagged trees in
well-defLned plots. We use these later
to quantify nortality of jarrah ln
re lat ion to d.o,b.  and s i te  qual i ty .

As ls the case rrlth most tree
species, the survlval curve of jarrah
is positively skewed rectanguJ-ar, wlth
high Juvenlle mortallty and low
nortality thereafter. Most nortallty
of seedllngs occurs before the flrst
sumer (Abbott and Loneragan 1984b).
After tha! jarrah copes successfully
wlth nany harrnful factors. Indeed,
before arboricides becane available,
Harr ls  (1955)  noted that  at tempts to
k111 jarrah were usual,J-y abortive. The
physlologlcal age attalned by Jarrah ls
estimated to be 800-1000 years (Jacobs
19ss ) .

Fire

Iire ls a natural part of the
jarrah forest environment. Alnost
certalnly duriog the past 100 000 years
or so there have been raarked changes in
the fi-re reglme experlenced by the
jarrah forest. These regimes should
have dlffered in the season, lntensity,
and frequency of fire.

On current knowledge, Aboriginals
were absent from south-western
Australla untll c. 40 000 years ago
(Pearce and Barbet t i  1981) ,  Before
that the only source of fire was
llghtnlng. Iorests Department records
show that lightnlng strikes axe a
regular feature of each sunmer in the
larrah forest  (Tabl -e 45) .  Dur ing a
period of 33 years, the nunber of fires
caused by lightnlng was 445 ranging
from 0 to 85 per year. No obvlous
periodlclty is evident, with nost fires
occurr ing in  1940-1,  1943-4,  1950-1,
1953-4,  1958-9,  1960-1,  and,  1967-2.
Fires started by llghtnlng do not occur
randomly. A tally of sueh fires
recorded ln a 2l-year perLod fron
1939-40 to 1960-61 in  each t r 'orest
Divlsion shows the follonlng (Annual
Report 1967): Mundarlng Divislon, 29
(nost  f l res 1953-4,  1960-1) ;  Gleneagle
(Jarrahdale)  Div is ion,  41 )  i953-4,
1958-9,  f950-1) ;  Dl re l l lngup Dlv is lon,
107 (1940-1,  1943-4,  1950-1,  1953-4,
1958-9,  f960-1) ;  and Harvey Div ls lon,
32 (1960-1) .  The naln l lghtn lng bel t
in the northern jarrah forest passes
south{rest fron Jarrahdale and north of
Dwellingup through Wuramlng (Stoate
1953).  Once Abor lg inals  co lonlzed
Western Australla, thelr regular use of
fire (Eallan 1975) natnly ln sunner
(Abbott and Loneragan 1983b) and
posslbly every year and at least every
3-5 years (Harris and Wallace 1959)
must have had profound effects on the
flora and fauna present 40 000 years
ago. Such a regular flre reglne would
not have allowed excesslve accumulation
of fuel. Moreover, the crortns of the
vlxgin (unlogged) jarrah forest nere

-99-



Table 45
Nu!'ber of fires caused by tightnins in state

Folest, fror 1937-A to 1969-?0.

No. lightninq fires Total no. files recorded

1937-  3

1934- 9

1939-{0

1940- I

7947- 2

1942- 3

1943- 4

1944- 5

1945-  6

7946- 1

7941-  A

1948- 9

1949-50

1950-  1

1951-  2

1952-  3

1953-  4

1954-  5

1955-  6

7956- 7

1957-  a

1954- 9

1959-60

1950- 1

1962- 3

1963- 4

1964- 5

1965- 6

1966- 7

196?-  6

1966- 9

1969-70

I

3

22

3

1

3

6

19 {17 fld 1 stom)

3

34 (23 flon 1 6toe)

a

13

42

3

3s (19 fld 2 stons)

62

9

5

6

10

341

345

149

2 5 2

5 2 1

559

324

249

324

27e

359

530

434

2 3 2

398

463

231

241

274

257

244

252

294

soulce. Folests Depaltaent leua] RelDrrs 193a-1970.

I

hlgh enough above ground to escape
damage fron flres started by
Aborlginals or llghtnlng (Earrls and
war_Lace rv)v,  .

Wlth penEnent settlenent by
Europeans ln 1829, the Aborlglnals were
forced to leave the south-nest.
Therefore, over a perlod of 30-50 years
there was a gradual change ln fire

'regiue to one of fever flres llt by
humans. When llghtnlng strl.kes
occurred or fires escaped from farms,
they would have attalned a hlgher
lntenslty after advanclng lnto the
fuels that had accunulated in State
Forest. During the perlod of great
expansion ln agricultural settlement

and logglng of  the forest  (1880-1920)
such f i res became more f requent ,  nore
extenslve, and more danaging to the
forest canopy (Harris and Wallace
1959).  This  made the jar rah forest
Ithe ugliest and most deformed stand ln
Austra l lar  ( l ,ane-Poo1e n.d. ) .

one of the flrst priorltles of the
Iorests Department was to brlng fire
under control (Hutchlns 1916), which ln
effect meant excluding fire fron the
forest except under special
clrcunstances (ch. 11). Fron about
7927 hlgt. quality forest was subdlvided
lnto compartnents and the regeneratlng
cut-over gtands were protected fron
fire by 100-n-wlde firebreaks shich
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were burnt every three years (Forests
Department 1927). Forests around
sawnills and towns were burnt annually
if posslble ln order to reduce the
chance of flre destroying property.
Next, lookout towers were constructed,
flre suppression technlques rqere
developed, and weather conditions
conducive to flre wete forecast
(wal lace 1936) .

In the early days, before
effectlve fire protection, the eastern
boundary of the Jarrah forest lras
recognized as the nost crltical because
the fiercest flres always carne frorn
that direction (Forests DePartment
1927). In 1938 three arbltrary zones
of fire control ltere instltuted (ennual
Report  1938) .

The A zone covered all reforested
areas and nas glven complete protection
fron fire. In the B zone (vlrgin
forest and cut-over forest not yet
regenerated) flres were suppressed as
soon as possible. The C zone covered
that farthest removed from protected
forest and was not subject to organlzed
forest  f l re  suppresslon.  In  1939
enphasls ln the Forests Departuent
changed from regeneration cleanlng (ch.
11)  to  f i re  contro l ,  fo l lowing severe
damage resul-ting frono flres durlng the
1 9 3 0 s  ( S t e w a r t  n . d . ) .  B y  1 9 5 0  t h e r e
rrere so many ring-barked trees in the
forest and fuel loads had lncreased to
such levels that contalnnent of most
fires following llghtning strikes or
olher causes became inposslble. The
use of low lntensity flres for regular
fuel reduction then became routine
(Canpbe11 797I; Underwood and
Chr is tensen 1981) .  This  f i re  regine is
belleved to approximate that used by
Aborlglnals (Abbott and Loneragan
f983b) .  wol lastonrs (1841)  renark that
tFor 50 nl1es through the forest a tree
is hardly to be found, which had not
the nark of fire upon itt is st!11 true
today. In recent tines most w11d fires
have been eaused by faruers I burning
off, loconotlves aDd travel-lers (Royal
Comiss ion 1951;  l la1 lace 1955)  .  At
present nost wildfires are l1t by the
public either dellberately or by
accldent  (C.  Peet  personal
cornmunlcation*) .

Jarrah is remarkably reslstant and
tolerant to flre, as evidenced by the
thick fibrous bark of older stems, by
how quickly most of the young stages
re-coppice fron the lignotuber and by
how qulckly eplcormic shoots develop
nhen the crown has been destroyed by
f t re (KLnber 1971i  McArthur  1968)  .
Early popular oplnion was that flre
does l i t t le  harm to the jar rah forest ,
and actually does good (Royal
Connlssion 1903; Stoate and llehos
1 9 3 8 ) .

In contrast, professional- oplnlon
emphasized the detrlmental consequences
of fire: damage to the bole, lncluding
flre scars, gum pockets and hoLlow
butts; death of trees caused by lethal
temperatures being reached ln the
camblunl texnporary defollatlon and
reduction ln canblal actlvlty of the
stem causing deterloratlon of the crorrn
and tenporary decrease of dlaneter
incremeni; intenslfled attack of
insects and fungl; lowered soil
fertll lty because of coobustlon of leaf
litter and huuus; and nalfornatlon of
regronth (Kesse11 192lb3 Stoate and
Bednal l  1940;  Harr ls  and Wal l -ace 1959) .

Malfornation and boLe defects were
the nost obvious danage, causLng loss
of saleable tlnber. Kinks ln the stem
fron 2-5 n above ground represent the
destructlon of the leadlng shoot and
therefore loss of  3-4 yearsr  helght
grolrth. Each kink results ln a rgum
pocketr  or  rbad hear t r .  Gum or  nore
correctly kino is an aqueous solutlon
of poJ-yphenols retalned ln pockets in
the xy lem (Nelson and Hl l l is  1978) .
Eplcornic branches (so called tgreedy

branches') formed after higher
intensity fj-re also result ln gun
pockets along the l-ength of the trunk.
The occurrence of crooked trees, double
crowns and l-ack of regrordth were also
blaned on f i re  (Lane-Poole n.d. ) .
Damaged crowns of the overstorey trees
were also thought to have caused the
denslty of ground flora and understorey

G. Peet - Departnent
Kelmscot t .
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trees to increase (Harrls and Wallace
1959).  Fol lowlng regenerat ion c leanlng
(ch.  11) ,  there was to be adequate f l re
contxol to prevent nalfornatlon of
regrowth. Details of the technique of
burning lop and top are provlded by
Forests Department  (1927)  and Harr ls
(1936) .  I lar r ls  and Wal lace (1959)
state that

rChronologlcal studies have
indicated that there was virtually
no danage to the tree bole over
several centuries and nost of thls
type of defect is seen wlthln the
last hundred years of growthr.

No flre scars were observed
(St .oate and BednalL n.d. )  on the
interior surface of recently cut
stunps, these being found only on or
near the periphery of such stunps.
Thue, severe flre damage was not
experlenced by jarrah trees before
European settlenent. The klnds of
damage to trees expected in j arrah
forest under varlous ranges of fire
lntenslty are sunnarlzed and
illustrated by Undenrood and
Chr is tensen (  1981)  .  The najor
cr i t ic lsm of  ear l ier  d iscussions of
flre ln the jarrah forest ls that flre
is poorly characterized or documented.
Thls ls because preclse
characterizat lon of flre behaviour was
not posslble untll Byram developed an
index 1n 1959 (McArthur and Cheney
1966),  Thls  was f i rs t  appl led to ihe
j  ar rah forest  by Peet .

(a )  E f fec t  o f  f i re  on  fo res t
gospgelllgn
Despite jarrah belng the nain

(b)

overstorey tree species of the
forest  (see ch.  9) ,  seedl ings of
marri survive better than those of
jar rah (Abbot t  1984a) .  The reason
that narri does not replace jarrah
ln the overstorey is that it ls
nore suscept ib le to  f i re  than
jarrah (Klmber I97L;  Table 46) .
The doninance of Jarrah is
therefore at ta lned af ter  the
seedl lng stage.

Ef fect  o f  f i re  on growth rate
Ar.t early opinion r,ras that fire
retarded the growth of  jar rah
(AnnuaT Report 1910; Lane-poole
n . d . ,  1 9 2 1 ) .  T h i s  l s  c o r r e c t  i n
that height growth of small
regroh'th is irnpeded by fire.
llowever, fire does not decrease
dlanneter grorirth of jarrah poles,
p i les and t rees (see ch,  7) .  The
suggest ion of  Kessel - l  (  192lb)  ,
that the finer roots are scorched
by flre, requlres further study ln
relation to fue1, seasonal
conditions and flre lntenslty.

Ef fect  o f  f l re  on seedfa l l  and
regeneration
Moderate lntenslty fire that
scorches the crowns of jarrah
trees decreases the product lon of
seed capsules,  wt th 88 per  cent  of
unscorched trees and only 37 per
cent of scorched trees produclng a

Table 46

conpalative noltality of jatah and nalri afte!
the 1961 Dwellingup wildfile (data of peet and

wi l l iamson,  1968) .  Based or  220 randora ly
loca led  0 .4  ha  p lo ts .

Type of crom danage
t of total volue

h a - t  ( d . o . b .  > 3 0  c m )
k i l led  by  f i re

r L . 7

23 .1-

7 . 5

1 2 . 4
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crop of seed capsules (Klnber
f978) .  Benef i ts  of  lower
intensl ty  f l re  lnc lude (Gardner
1923)  seedfa l l ,  preparat ion of  the
seedbed,  lnprovenent  tn  1 lght
intenslty and destructlon of
parasites on the ground. Ilowever,
lt \ras recognized that any seed
already present on the ground was
destroyed by fire. The fact that
seedlings are more eas11y seen on
burnt ground was thought (Stoate
1923) to be the reason behind the
assumption that burning was
benef lc la l ,  Stoate speculated
that seedllngs ln unburnt forest
nay '  be protected f rom htgh
temperatures during surnner by leaf
l i t t e r .

Jarrah seedllngs are susceptlble
to flre untll the lignotuber is
adequately developed (Itarrls 1956;
Abbott and Loneragan 1984b) ' about
two to three years of  age.
Experi-mental studles with both 1ow
and hlgh intenslty flres showed
that no plants with well-developed
llgnotubers were klJ-J-ed ' agreeing
with the statenent that flre rwlll

not greatly affect advance growth
or seedllngs over two to three
years of  ager  (canpbel l  1955) .
Such plants slnply redevelop the
shoots fron the llgnotubers after
fire. Horrever, under dry soil

condLtlons as ln autunn fires,
sone lignotubers would be kllled.

The effect of long term excluslon
of fire on regeneration has been
studled ln two compartnents in
Anphion Block, Dwellingup (Klmber
unpubllshed data). A quadrat
(consisting of four adj acent
xoilacre quadrats) was deflned as
either unstocked (jarrah absent)
or  s tocked ( jar rah present) .
Three separate s ize c lasses of
regeneration were recognized on
the basis of the length of the
ta l lest  shoot  (0-15 cn '  15-61 cn,
> 61 cn), The two conpartments
differed ostenslbly onl-y in thelr
fire hlstorl,es, with one having
been unburnt for 30 years sLnce
1932, Lhe other experiencing
several low lntensity flres slnce
1955. There was no sLgniflcant
difference in stocklng of the 0-15
cm slze class between compartments
(Table 47) .  For  the 15-61 cn
class, there were slgnificantly
more stocked quadrats ln the
unburnt corpartrnent. The converse
applled for the largest slze
c lass.  I t  ls  thus d l f f lcu l t  to
draw any firm concluslons from
these data.

A second study (Klnber unpublished
data) was more extensive. In each

T^ble 47

Nunber of quadrats (4 n2) vith o! without jarrah
p l a n L s  o f  s i z e  s p e c i f i e d .  A h p h i o r  6 ,  u n b u ! n r
s ince  1932;  Anph ion  7 ,  seve la l  p rescr ibed 1os

ib tens i ty  f i res .

He igh t  c lass  (a )

0-15  cn

15-61 m

15-61 cn

1 0 5  ( 5 0 * )

3 1  ( 5 1 r )

1 2 5  ( 6 1 * )

21  (44* )

7 0  (  3 4 C )

6 2  ( 5 7 * )

103

3 0

19

3 4

1 3 8

4 1

204

6 I

204

6 1

204

109

Length  o f  ta l les t  shoot .
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area a transect rras establlshed.
The first quadrat (4 n2) was
selected at random and thereafter
all quadrats vere at 20 n
lntervals. Seedlings younger than
one year were excluded from study.
The findings (Table 48) do not
unequlvoeally show that flre
llmlts regeneratlon. The weakness

Mortality was always higher ln the
burnt treatnents than the control
(Table 49) .  Deta l ls  are as
f o l l o w s :  p e r  c e n t  D o r t a l i t y  =  3 . 2
( c o n t r o l  1 9 5 7 ) ,  3 1 . 8  ( b u r n t  N o v .
1 9 5 6 ) ,  P > 0 . 0 5  b y  X 2  t e s t ;  1 4 . 7
(conrro l  L958) ,  73.2 (burnr  Nov.
1 9 5 7 ) ,  P < 0 . 0 0 1 ;  1 2 . 2  ( c o n t r o l
1 9 5 9 ) ,  6 1 . 5  ( b u r n t  N o v .  1 9 5 8 ) ,

Table 48

Regeneration in jarrah forest in relation to fire histoly.

Locaf i ty Fire History

Height class (a)
(u  hu - l )

0 -15  15 -61  >  61

Plavins 4 Normal prescribed burn regime 1064 I4g9

Amphion 7 988 6.77 7244

Amphion A No f ire for 30 years 72't . t  113e 4O7

Banks iada le  (annua l l ybu in t f i r eb reaks ,
up to 10 years earl ier) IAI2 247 64

(a)  renStb of  ta l lest  shoot (cm).

of both these experlments is that
undescrlbed dlfferences betneen
locallties in, for example, seed
productlon nay have confounded the
ef fect  o f  f i re  h ls tory.

The moat convincing data come fron
an experiment lnaugurated in
Novenber 1955 (J. B. Carnpbell,
unpubllshed data). Flfty nilacre
quadrats were marked out ln an
area of Plavlns block that
exper ienced a wl ld f l re  in  1950.
In all but one quadrat ten
llgnotuberous seedllngs varylng ln
age f rom 2.5 to  5 years hTere
tagged. tsenty-five quadrats were
set  as ide as contro ls .  Then,  each
November, flve different quadrats
lrere aubjected to a 1ow intenslty
flre. The nurnber of tagged plants
allve was counted each Novenber
unt11 November 1960. The
experinent rras destroyed by a
wlldflre ln January 1961.

P < 0 . 0 5 ;  a n d  2 5 . 3  ( c o n t r o l  1 9 6 0 ) ,
7 3 . 5  ( b u r n t  N o v .  1 9 5 9 ) ,  p < 0 . 0 5 .

(d)  Ef fect  o f  f i re  on t ree form
Lane-Poo1e (n.  d .  )  considered that
nany 3-m ta11 sapllngs of jarrah
had often been burnt, as evidenced
by ktnks at close dlstances along
the sten. Between 3 and 6 n the
klnks nere a 1lttle farther apart
because of the greater helght
gronth. Fire had kl1led the
leadlng shoot, but the new one
made was never a prolongation of
the o ld,  g lv ing the sten a dog-Leg
shape .

Stoate and Helns (1938) drew
attentlon to the obvious reduction
in merchantable log volume, from
23 to 65 per  cent .  In  the p lots
studied by then ln vlrgin forest
in  Chalk b lock,  the percentage of
merchantable trees that hTere
daxnaged by flre ranged from 10 to
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Table 49

Mortality of lignotuberous seedlings in relation to 1or,t
intensi ty f i re.  Pref i re counts are i ta l ic ized.

No. alive (t nortality) in Novenber

Treatment 1957 1954 1959 norta l i ty

control (No fire)

Burned Nov. 1956

Burned Nov. 1957

Burned I|ov. 1958

Burned Nov. 1958

247 2aA \aA.7Z)

50  44  ( r2 .ON)

50  44  (a2 .OX\

40  J3  (17 ,5 r )

47 42 110.6\)

2 1 1  (  3 . 2 r )

3 0  ( 3 1 , 8 r )

41  |  6 .A \ )

29  \ 42 .1 \ )

3 8  ( 9 . s r )

180  (14 .7 r )

30  (0 )

11  (73 .2s )

26  (10 .3 r )

3 7  |  2 . 7 \ )

158  (12 .2 r )

2 5  ( 1 6 . 7 r )

1 0  (  9 . 1 r )

10  (61 .5 r )

3 4  (  8 . l t )

118  (25 .3 r )  52 .22

17  (32 .Or )  66 .0 r

I  ( 2 0 . 0 r )  a 4 . 0 r

6  (40 .0 r )  85 .0 r

9  ( 7 3 . 5 r )  8 0 . 9 r

82 per  cent .  None of  these
wrLters defined the intensity of
the flres eausing thls damage.

Jarrah ls sensitive to flre fron
the tlne the dynanic sapllng
emerges until it reaches a helght
of  c .  5-6 n (Carnpbel l  1956) .  At
thls height the bark of the stexn
is thick enough to al-low the plant
to withstand a low lntenslty fire.
Accord lng to l {ar r j -s  (1955) ,  th ls
corresponds to a per iod of  c .  8- I0
years after release, when the
lower leveL of the crown ls c. 4 m
above ground level.

Mortality of sapling cror,ms (2 .4 rn
average helght ,  range l . l -5 .3 m)
varles dlrectly lrith flre
intenslty (Peet and McCormlck
1971) . For example , _.a fire
lntenslty of 67 kW n I killed
nearly 30 per cent of sapling
crowns. The crowns of nost
sapllngs < 3 n and all saplJ-ngs
< 1.2 n ln  helght  were k l l led by
such a m11d flre. Peet and
McCornick ( 19 71) recomended the
following flre lntensltles:

Mature stands
pole stands
5-6 n ta1l sapllngs
4_5 m 'r

<  4 n

< 167 kW n-1
< 100
< 6 7
< 4 0
no flre

In practlce the Forests Departnent
condones intensitles of up to 300
kW n-r in nature stands and pole
stands, nalnly because they are
overstocked: such fires help to
thin dense stands of donlnated
poles and stagnant sapllngs
( I lar r is  1956;  Harr ls  and Wal lace
1 9 5 9 ) .  T h e  v a l u e s  o f  f i r e
in tensi ty  just  quoted may be
compared nith that obtaLned durlng
wl ld f i re  (> 10 000 kw n-1) ,

The effect of both 1ow and higher
intensity flres on the crown,
bole,  wood densi ty ,  f lbre length
and kino velns of j arrah poles was
studied by Nlchols  (1974) .  Low
lntenslty fires caused no external
danage and r{rere not detrinental to
wood quality. In contrast, higher
intensltles caused scorchlng of
most crorrns, dauage to the bole,
and fornation of kino velns.

The lntenslty of fire j-ncreages
under certain weather conditions
and a heavy accumulation of leaf
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l itter, Where heat penetrates the
bark lt ki1Ls underl"ying canbial
ce1ls ,  resul tLng in  a f l re  scar ,
known locally as a tdry sLdei when
lt extends along the bole, As the
bark drles out the sapwood becomes
exposed to rreathering aod attack
by insects and fungl. wlth
further drylng out thls leads to
the development of cracks lnto the
heartlrood, borer holes, and rot in
the sapwood. Callus (wound
tissue, gronth developed fron0 the
fringe ceJ-ls and over the scar)
and kino velns (where the
eplcorxnic shoots lrere attacked)
are other more vlsible effects
appearlng on fire danaged lfurbs
and bo1es.

Unpubllshed studies by 0.
Loneragan ln Plavlns block after a
wlldfire ln February 1950 showed
that when the tops of sna1l poles
were k l l led back f ron 11 o to  5 m,
the bole lras deformed and the
grorrth rrasted. Where height was
reduced fron 16 n to 15 n, the
shape of the nain bole rras not
a l tered.

Mole recent studles of the effect
of flre on wood (McCaw 1983b) were
based on the fe l l lng of  13
f i re-searred poles of  d .o.b.  23-26
cn. Sapwood behlnd the dead area
of camb lum was affected by fungal
decay and termi te at tack,  but
decay was conflned to the hrood
present at the tlme of thJury.
Over a perlod of 30 years nost
wounds had occluded conpletely,
although our studles ln stands
affected by the 1951 nlldflre at
Dwelllngup showed that external
evldenee was s til l- detectable
af ter  occ lus lon (see below).  K lno
veins,  a najor  source of
degradatlon to the tlnber of
Jarrah, are assoclated wlth flre
scars, belng locallzed to the zone
of dead carnblum (McCaw 1983b). In
contrast, Podger and Peet (clted
by McArthur 1967) found l-itl le
evLdence that fornatlon of kino
velns was related to flre.

Wlldflre caused 17 Der cent of

tagged poles ln  a p lot  in
compartment 10 of l{olnes block to
experlenee damage to the bole. 0f
90 codomlnant poles tagged in
Holyoake block, 16 per cent were
dry-sided. 0n1y one tree had

.fu1ly occluded the dry slde 20
years later. In another stand Ln
Ilolyoake b1ock, 24 per cent of 51
crop t rees tagged before the 1961
wlldfire experlenced fire danage.

A conprehenslve study of stand
recovery trro to four years after
the 1961 Dwellingup wlldflre was
nade by Peet and Wlllianson
(unpubllshed data; see also Peet
1965) .  They st rat i f led the forest
into four types and sanpled each
wl th 0.4 ha p lots .  Defo l ia ted
stands (100 p lots)  suf f r i red
complete defoliation, and
conslsted of bare black sterns and
black ground. These stands
covered c. 26 000 ha. In fu11y
scorched stands (220 p lots)  a l l
leaves were scorched bur soue
trees $ere defo l la ted.  These
stands covered c. 77 000 ha. In
stands experienclng less danage
(50 p lots) ,  on ly  the lower par ts
of the crowns were scorched.
These stands covered 43 000 ha.
In addition 45 pl-ots were
install€id ln 32 000 ha of conrrol
burnt forest to the east of the
wlldflre .

The volume of tinber kllled varled
according to rrhether it nas
merchantable or not, and was also
related to the severlty of the
f l re  (Table 50) .  Most
merchantable trees that were
defoliated or fully scorched
replaced thelr crowns. Defollated
non-nerchantable trees, al-though
renalnlng allve, tended to lose
thelr cro$ns pernanently. Trees
of  smal ler  d.o.b. ,  the young
grolrlng stock, fared norse: most
in the defollated stands did not
replace theLr crowns (Table 50).
Thls ls not so inportant for the
so-called surplus trees, whlch lle
beneath the forest canopy and are
so posltloned as to be superfluous
t o t h e s t a n d o n a 6 r n x 6 m
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Table 50

lffect of the_1961 DweLlingup sildfr' 'c

lullber of ster6 ha ' (data of Peet anat vrill idson, sp!.btished)

Fully
Defoliated scolched daage

: 3 0 Merchantable votde (a)

cloh leplac€d (D)

No c!om. Bole

epiconics only

Nor-nelchotable volue

clom leplaced (n)

epicohics only

lotential crop tlees

Crom repiaced

clom replaced

t  o f  t o t a t  v . u . b .  n 3  h a - r

7 0  a a  1 0 0  1 0 0

22

a

64.5

2A

t 5 . a

5 1

253

1 3

a7

4 1 4

2 4

1 6 . 0

9 0 0

3 0 0

61.6 47.4 44.3)

r  o f  lo ta l  v .u .b .  n3  ha  I

57  a7  99

l a o 0

13 1

2 1 . 3  2 0 . 0 )

(a) Incrudes t!ee6 shieh rele bu!!t d<m or had suffeled severe bote
ddage but still letained a useable loq,

(r) rhese tlees can also have epicodic arorth on the bo1e.
(c) T!€e not neces6arily deaal.

i of total no. steG ha r

74  97  92

2 6 3 4

1as 235 220)

i of total no. stec ha-r

30  5S 51

10 42  49

405 599 450)

spacing. Fire damage to the
growing stock wab least ln the
control burnt stands. Thus, these
data suggeat that the lowerlng of
flre lntenslty to an acceptable
level would benefLt the stand by
ktlling the r{torthless and surpJ,us
trees. The amount of crown
recovery ls rel-ated to the degree
of crown damage and natural
vlgour. These dl.fferences
probably result partly from
differences ln bark thlckness
before the f l re .

McArthur and Cheney ( 19 65)
produced a very useful graph
relatlng the proportlon of the
final crop of Jarrah that has
experlenced physlcal danage to
fire lntensity. The graph shows

that_a l-ow intenslty fire of 300
kW n r should cause nearJ-y 20 per
cent damage to a pole stand
whereas a noderate lntensltv flre
of 1200 kl,l n-l should res,rit ln
nearly 60 per cent danage.
McArthur and Cheney ( 1966)
suggested at 50 per cent physlcal
damage there would be enough trees
remalning for the flnal crop,
though nost would carry severe
fire scars and at least 20 per
cent of tlmber would be degraded.

Fire darnaged trees are generally
of smaller dianeter and have
thinner bark than trees remalnlng
undanaged (Tab1e 51) . In
practlcal terns this means that
sub-dominant and doEinated tree6
ln the forest are more l-tkelY to
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develop flre scars than
codomlnants and donlnants.

The degree of crown scorch
obtalned fron a prescrlbed low
intenslty fire in Novenber 1971
north of DweJ-lingup was studied
3-4 nonths la ter  (Mccormick 1972) .
Most of the crown scorch (to a
height of c. 3 n) took place in
the snal lest  d .o.b.  c l -ass (Tabl -e
52) .  In  the l -arger  d.o.b c lasses
nost lndivldual s were unscorched.

Ftnally, an experiment relating
bark th ickness and d.o.b.  to  the
surface area of the bole killed by
flre was conducted by Peet and
McCornick (unpubl ished data) .
Thirty plots, each with flve
dominant or codoninant j arrah
poles, were marked out near
Dwellingup. Five plots were
grouped into a block, and four
treatments rrere applied randonly
to each b lock:  rhotr  f l re  ln
spr ing,  ml1d f i re  ln  spr lng,  rhotr

Table 51

r b . r . ) ,  o r  b o t h .

Table 52

croHn scorch of jarrah after ]ov intensity fire in
relation to al.o.b. anal individual importance in the stand.

d .  o . b .
Inportance class (cn)

Deqree o f  c r :own scorch  ( t  o f  N  in  c lass  d .o -b . )
N

Unscorchedt Half scorch Full scorch Defoliated stetns ha-l

Crop trees

o . a -  2 . 4
2 . 4 -  4 - 9
4 . 9 -  9 . 7
9 . 7 - L 9 . 4

! 9 . 4

o . a -  2 . 4
2 . 4 -  4 . 9
4 . 9 -  9 . 7
9 . 7 - t 9  . 4

1 9 . 4

4 7 . O
8 7 . 0
9 5 . 1
9 4 . 4
9 6 . 8

4 0 . 8
4 6 . 5
9 2 . 5
9 5 . 2

1 0 0 . 0

1 5 . 3
5 . 3
1 . 8
2 . 2
0

1 2 . I
5 . 4
2 . 9
4 . 8
o

3 6 . 9
7 . 7
3 . 2
3 - 4
3 . 2

46.4
7 . L
4 . 4
0
o

o . 7
0
0
0
o

1 3  3 . 8

7 0 . 1
2 2 . O

241.7
6 5 . 9
3 3 . 6

5 - 2
4 . 0

4 . 7
o
o
0
0

suDDresseal trees
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fire ln autunn' nlld fire ln
autunn,  and no f i re .  A rhotr  f l re
was achieved by heaptng slash to
c. I rn around the base of each
tree. These heaps burnt out after
14 n lnutes.  The area of  f l re  scar
was measured after the dead bark
was removed.

Three of the poles glven the thotr

fire were kl1led (33 per cent
nor ta l l ty) .  T, inear  regress lons
(Table 53) were calculated between
d.o.b. ,  bark th ickness,  and
surface area ki1led. The last rtas
also expressed as a percentage of
sur face of  a  log 2.4 n 1ong.
Extent of the flre scar is related
to d.o.b.  and bark th l .ckness
before the f l re .  l ,arger  t rees
were less suscept lb le to  bole

danage than snaller ones. Trees
r{lth thicker bark developed
smaller fire scars than trees ltith
thLn bark, probably because of
better insulatlon of the camb ium.
Blg trees generally had thlcker
bark than sna1l trees.

The temperature of the camblurn was
uonltored on both sldes of seven
of the trees durlng thls
exper lment  (Table 54) .  One t ree
experlencLng temperatures of at
least  68"C on both s ides was
ki1led. Damage occurred to five
others for nhlch the canblal
temperature on one slde of the
bol-e reached 58"C. One tree for
whlch temperatures reached 50"C
and 52"C did not develop a fire
scar .

Tabte 53
Linear resressions between d.o.b.  (c! ' ) ,  bark th ickness
(b. t . )  (cm) and surface area of  the bole k i I led by f i re
{n. ,  A).  cA is  the percentage of  surface of  a log 2.4 n
I€ngth kilted by the fire (data of Peet and I'lccon0ick,
urDubl ished),

Equation v

b . t .  =  1 . 0 1 9  +  0 . 0 2 3  d . o . b .

A  =  0 . 8 2 1  -  0 . 0 1 I  d . o . b .

A  =  1 . ? 3 9  -  0 . 7 2 4  b . t .

* A  =  1 O A . 4 O  -  2 . 5 4  d . o . b .

t A  =  1 2 4 . ? 1  -  5 4 . 7 4  b . t .

r - 7  2 A - O  < 0 . 0 1

>  0 . 0 5

0 - 5  7 . 7  < 0 - 0 1

3 3 . 4  2 8 . 0  < 0 . 0 1

3 3 . 4  7 . 7  < 0 .  0 1

30

27

2 7

30

3 0

4 . 2 5

o . 0 3

o . 2 9

o , 4 2

o . 3  7

Table 54

Effect of fire on canbial tenpe.atuies ahd percentage

o f  s u l f a c e  b o l e  a r e a  k i t l e d  ( u n p u b t i s h e d  d a t a  o f  v i D e s )  ,

Carbiu tenperature
( " c )

s lde  1  6 id€  2

* of surface aiea of
a  1o9 2 .4  n  tong

kilLed by fire

2t/2

5/4

2I /3

2r/5

22/4

23/4

9 5

6 l

5o

5 3

60

50

6a

53

J 5

58

6 2

5 2

1 0 0 . o

3 7 . 2

2 7 . 4

3 4 . 5

3 7  . 5

3 6 . 4

o
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Table 55

Mortality of jarrah in plot 11, HoLnes Block after the
1961 Dwellingup r{' i ldfire in relation to d.o.b.

and bark  th i .ckness  (b . t . ) .

No. jarrah
Dead Alive

d . o . b .  ( c n )  2 0 . 3  ( 1 4 . 6 - 3 5 . 2  r a n g e )  2 7 . 1  ( 1 6 . 6 - 3 5 . 0 )

b .  t .  ( c n )  2 . 1 -  2 . 5

3 5

(e)  Ef fect  o f  f l re  on nor ta l i ty
A survey of over 16 000 ha of
cut-over forest near Collie
(Annual Report l92I) found an
average of  3,2 dead t rees per
hectare, the lnpllcation belng
that these had been kil1ed by
flre ,

Mortality after the I96L
Dwelllngup wildfire was
surprisingly variable, We
deternined this by examlnlng
survlval of jarrah tagged before
the fire. Of 90 codorninant poles
ln Holyoake block, only three (3.3
per  cent)  were k i l led.  0f  81
poles (d.o.b.  15-35 cm) ln  Holmes
block,  35 (43 per  cent)  were
killed. In other stands in Holnes
b1ock,  37 per  cent  of  121
indlv iduals  were k i l led,  19 per
cent of 79 indivlduals lrere
k l l led,  and 3 per  cent  of  76
indiv iduals  were k i l led.  0f  51
indlvlduals narked Ln another
stand in Holyoake block, 31 per
cent  were k l l led.

Factors j-mportant ln deterrnining
Ithether a tree survlves wlldflre
are d.o.b. ,  bark th ickness,  and
the anount of fueL that lies close
to the base. Trees killed have
smal ler  d.o.b.  and th lnner  bark

than those surviving (Tables 51,
55) .  Tree norcta l i ty  resul ts  when
the temperature of the canbium is
ra ised to 60oC (McArthur  1968) .
As explalned ln Abbort and
Loneragan (1983a) ,  th ls  can be
achieved only in a low intensity
fire when logging debris
coxnpletely surrounds the base of
the t ree.  As the in tensi ty  of  the
fire increases, the amount of
surroundi.ng debris needed becomes
less but  is  conpl icated by
dianeter and thlckness of the bark
at  the base of  the t ree and
dryness of  the fuel .

(f) Bark as an lmportant fuel source

The d.o.b.  o f  jar rah af ter  cer ta in
f i re  in tensi t ies decreases because
the bark is burnt (Peet and
M c C o r n l c k  1 9 6 5 ;  s e e  a l s o  c h .  6 ) .
About 40-50 per cent of bark on
the bole is dead. The Dwellingup
rrildfire removed 60 per cent of
the bark,  l .e ,  a l l  dead bark.
Burning bark is thoughr to be a
najor cause of severe crown fires
(Peet  and McCornick 1965) .  The
noisture content  of  bark is ,  as
expected, hlgher in sprlng and
early summer than in lare sumrer
and early autumn. These authors
state that  three-year-o ld l i t ter
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wlll not support a defollating
f i re  in  jar rah forest  unless
addi t ional  fue l  ls  in t roduced.
The dead bark on the bole
contr lbutes such fuel .

(g) When is jarrah most reststant to
f l re?
IEl6r<ling to Peet (1964), j arrah
should be most  res is tant  to  f l re
damage in spring and least
resistant ln autumn. Thls is
because of  the d i f ference ln
molsture relatlons and food
reserves at  these t imes (see a lso
c n .  I  ) .

The tinlng of leaf repl,acenent
also favours burning in spring
rather than ln autumn. Autunn
scorching may lnhtbit wood
production in the current year;
thls 1s because leaf replacement
is delayed until the following
suDmer. Peet reconmended that
burning should be cornpleted by
early Novenber each year.
Ilowever, subsequent research
(Ktnber 1978) has shown that
scorching of crowns in spring
actually increases wood
productlon, nalnly because
production of flower buds (and
hence flowers and seeds) ls
prevented.

Droueb,t

Drought is probably one of the
main causes of  nor ta l l ty  of  seedl ings.
A study of seedling establlshment
(Abbott 1984a) showed that the firsr
deaths occurred in late August when
soi l  moisture content  began to
decrease.  Most  nor ta l i ty  oceurs before
the flrst sumner (Abbott and Loneragan
1 9 8 4 b ) .

Nunn* counted 41 jarrah seedllngs
and llgnotuberous seedlings (up to
three years o ld)  tn  a 4.05 m2 p lot  in
Zania bl-ock unburnt for four years.

Forests Department
r318 /50  .

I 'our years later only three (7 per
cent)  remained.  Seedl lngs (189)
germlnating ln Samson block after a
wildflre in*March 1941 were rnarked by
W. I-ockhart in May 1941. Survival was
as follows: 98 (April 1943), 61,
(Ausust  1944)  ,  35 (Ju ly  1945) ,  28
(August  1945) ,  24 (September 1947)  and
10 (Decernber  1958;  Van Noort
unpublished data). Klmber (unpublished
data) tagged 587 seedlings ln November
1964.  By May 1965 47 per  cent  had
dled.  Six  years J .ater  only  40 (6.8 per
cent)  were st l l l  a l lve (see Table 6) .

Such poor survlval ls typlcal of
eucalypts (Jacobs 1955)  and is  not
surprlsLng glven the 1ow oven-dry
welght  of  one-year-o ld seedl lngs (0.15
g) ,  the sna11 l lgnotuber  (0.17 cn long
axis) and the shallow root system
(naxinun length 8.5 cn,  Abbotr  1984a) .

Extensive data on the nortality of
later atages of development are
available. We based thls analysts on
the gron'th plots used by Abbott and
I-oneragan (1983a), converting number of
trees dying in each plot ln the
interval between measurements to
percentage dead. yr-l . In 26 stands ln
the hlgh ralnfall zone, nortality hTas
0.02 per  cent  yr - l  ( i .e .  2  t rees dead
per 10 000 t rees per  year) .  In  21
stands ln the loraTer ralnfall zone,
nortality was about two orders of
nagnl tude greater ,  a t  2 .42 per  cent
yr  r  (1 .e,  242 txees dead per  10 000
trees per  year) .  I t  ls  lnpor tant  to
enphaslze that not all these deaths are
attributable to drought as other
factors such as dieback fungus and fire
are doubtless 1nvo1ved. Nevertheless
we suspect drought ls most important
( s e e  c h .  4 ) .

It is also useful to examlne
nortality ln terns of the number of
t rees ln  each d.o.b.  c lass because
there are generally more trees ln the
smal ler  d.  o ,b.  c lassea.  Morta l i ty
var ies to  some extent  r r l th  d.o.b.
(Table 56) .  In  1ow qual i ty  forest

Forests Department  f l le  I1 .0.
879 /  41.

f i l e  i { .  O.
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norta l l ty  was greatest  for  d.o.b.
classes 10-40 and 70-80 cn, whereas in
high quallty forest greatest mortallty
was for  d.o.b.  50-50 and 80+ cn.

Other  factors af fe
mortalltv

Trrtr.r usuatly tessens
mortallty of seedling Jarrah, probably
because lt increases vlgour. When a
j arrat! plot was establlshed ln the
Inglehope arboretum ln June 1965, one
hundred one-year-o1d seedlings were
planted and fer t i l ized (Har t  1977) .
Survival was hlgh, with 92 alive in May
1966,  Ju ly  1967 and July  1968.  BY
198f ,  39 per  cent  had surv lved for  l8
years.  However,  too much fer t l l lzer
nay be tox lc  (see Table 13) .

The inportance of insect altack
and nuLching on seedling nortality has
been studLed by experlment (Klnber
unpublished data), Three plots (each
c. 15 mz) were narked out in Plavins
block after a control burn in Aprll
1964 .

Seedlings whlch then gerxnlnated
naturally were narked out with wires in
September 1964. Treatnoents were:
contrqL; seedlings sprayed fortnightly
wl th a so lut ion of  0 .5 per  cent
'Dieldrln'; and seedllngs sinilarly
sprayed, and nulched nlth a polythene
sheet lthich covered the rrhole Dlot and
a snal1 surround.

SeedlLngs survived best ln the
contro l  p lo t  (Table 57) .  The
combination of nul-ching and insecticide

Table 56
ielative annual noltality of jallah tlees i! each

d . o . b .  c l a s s .  N u r b e r  o f  j a r l a h  t r e e s  i n  e a c h  a l . o . b .
class is shm in par€ntheses.

40-50 50-60 60-?0 70-40 >40

High quality folest

I,ov quallty fotest

(153)

4 . 2  0 . 1  0 . 1  0 . 5  4 , 4  4 . 2  0 , 1
12731 (166)  (143)  (91)  (53)  134)  126 l

(113) ( r42) (9s)
0 . 7  0 . 6  2 . 1  A

{ 6 3 )  ( 3 s )  { 1 3 )  ( ? )

rlob haldvood glowth plots analysed by Abbott and roneragan (1933a).

The ra, data sheets ale held by the lnveltory Branch, Delartient of
Conservatton and ]-and nanagenent.

Table 57

Mortal i ty of jarrah seedlings in relat ion
insecticide and mu1ch.

Treatment given

to gerninants
sep .
7964

No, a l ive

Dec. March
1964 1965

May
7966 sur:vivaI

Control

Insecticiale

Mulch + insecticiaie

82

'79

a 2 5 3

5 9

3 3

3 8

5 1

3 0

18

62

3 8

2 2
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Idas most detrlmental. It ls possible
that the sheetlng, lnstead of actlng as
a nu1ch, prevented condensate and raln
fron entering the soll around the
seedl lngs.

More recent experiments (Abbott
1984a) show that seedllng survival to
the niddle of the first sunmer is c. 50
per cent and ls not inproved by
trenchlng or shadlng. Type and depth
of  l l t ter  are a lso not  s ign l f lcant ,
though the data hLnted that survlval
rras Dore dlfficult in Ban&sia grandis
oT AlTocasuarina fraseriana 11tter.
Browsing of seedllngs by kangaroos and
wall-abies reduced survival from 49 oer
cent  to  17 per  cent .

Frost and wlnd

Both factors are undoubtedl.v
lnportant but there have been no
rlgorous studies. This nay be because
severe frosts and cyclonlc winds are
extrene events and so their occurrence
is  hard to predlc t .

The average nunber of frosts per
year in the northern jarrah forest is
not high, betng 11 at Dwellingup and 16
at  Col l le .  In  1937 A.C.  Shedley*  noted
conslderable frost danage between
Jarrahdale and CoLlle. Every sapJ-ing

not affected; in some cases j arrah
ta1l  had been f rost  b i t ten whereas

others the leaves on only one side
the crown were killed. Crortrns

to the extrene tlp and rarely affectlng
the dormant bud in the leaf axlls at
the tip of the plant. Two cold snaps
were recorded durlng 1937. Jarrah was
ki11ed back 1-2 n fron the tip, and
sapllngs 9 rn ln helght deveJ-oped 0.5 n
of brown tops. Other smaller stunted
jarrah 1.5 n ln  helght  were conplete ly
k l1 led back to the l ignotuber .

Aspect ,  par t icu lar ly  the eastern
s lope,  densl ty  of  canopy,  re lat lve
vlgour of the growing tlp, and a screen
temperature < - loC are probably the
crltlcal factors (Wa1lace unpubllshed
data). Although a rapid than causes
damage, a slow freeze over a longer -
per lod (as f ron 10-12 June 1937)  does
nore danage than a sudden coLd snap (as
happened rhrice ln August 1935). The
frost  of  10-12 June 1935
those of 28 June-l July

was worse than
or  23-25 July

Itas
8 r n
in
o f
generally were killed back 1-2 m. Bark
of the slde llnbs, particularly where
these ledve the nain stem, lras observed
to have spllt. Jarrah was observed to
be nore suscept lb le to  f rost  than
narr i .

-t
W.R. Wal lace '  a lso noted that

Jarrah 1s subject  to  f rost  every year ,
with the damage usually being confined

growth rsas sti1l healthy. In contrast,
a frost ln sprlng ki1ls only the young
spr ing shoots.

Damage from a frost in Aprll was
recorded ln conpartment 10 of Kennedy
block (P.H.  Barrerr  unpubl lshed data j .
Sone 20 ha were severely danaged, wlth
leading shoots belng ktl-led back to 0.5
m and much copplee regrolrth < 3 n ta1l
kllled. Another 10 ha was l-ess
af fected.

A severe frost on 26-27 lqay 1964
caused extensive danage to jariah 1n
low lylng areas east of Mundaring*.
Even the crowrrs of large trees were
observed to have been affected. A
record lgas kept of 50 danaged and 57
undanaged stens over two years (AnnuaT
aeporx L966) .  0 f  the 50 danaeed
plants,  21 developed major  forks at  or
near the lower extent of danage. onJ-y
three of the undamaged stems formed
forks ln the sane period. Frost ls
therefore one of the causes of forking
ln jarrah. The same frost in 1954
affected all low lying areas in
Gleneagle Dlvlslon with death of crowns

of the same year because autumn shoot

Forests Department ftLe E.O.
86r /  64 .

Forests Department  f t le  H.O.
8 6 1 / 6 4 ,

Forests Department  f l1e H.  O.
9 6 1 /  6 4  .

*
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being conmon (Qualn 1964). In soroe
areas ln the eastern part, frost danage
extended up to the mature crowns. It
1s possible that malforned sapling
stands along some sections of the main
rlvers have resulted fron past flres or
a combLnation of frosf and flre.
Clear-felllng may also increase the
susceptibility to frost and therefore
the incidence of forklng.

Wind danage ls caused nalnly ln
extrene conditions, for exanple in a
tornado or cyclone. A tornado swept
through some 27 km of State Forest in
Col lLe Dlv ls ion on 6 Apr t l  1960
(Stewart  n .d. ) .  I t  cut  a  $rathe
200-600 n wlde,  t rees nere uprooted,  or
crowns trrlsted-off and hardly a tree
crown rernained. An earller instance
was recorded near Wuramlng in 1929. In
1980 we observed a O.2 ha patch of
jarrah forest in Dale block ln which
nany trees had their crowns broken off,
posslbly by cyclone Alby ln Aprtl 1978.

I!€cele

I,Ie do not know how much the
northern jarrah forest ls affected by
insect specles lnlnical to J arrah
(Abbotr 1985). There are probably
hundreds of (unnaued) species of
leaf-chewlng and sap-sucklng insects
present ln the forest, but thelr inpact
on the condltion of the crown and
diameter growth has not been studl-ed.
Sinilarly, although nany specles of
borer are present, it ls lnnportant to
dlstinguish between those attacking
llve trees and those decouposlng dead
ones .

Five lnsect specles of some
commercLal slgnlficance are present
(Jenklns and Curry 1971) .  These are
the noth Perthida glgphopa (jarrah leaf
nlner), the terni.te Coptotemes
acinaciformes and the beetles
Atractocerus kreus-le-rae (Plnhole
borer), phoracantha semipunctata
(Bardi) and Trgphocaria acanxhocexa
(BuJ. lseye borer) .

Jarrah leaf mlner was recorded by
Mazanec (1974)  west  of  Co111e in
Lennard and Gervasse bloeks just ln the
northern Jarrah forest. The latest

dlstribution nap (Inventory and
Planning,  October  1983)  recorded
lnfestation ln the same blocks but also
betrteen George and Saddleback blocks
(Dwellingup Dtvlsion East) and betr^'een
Yourdanung and Trees blocks (Collle
Dlv ls ion NE).  In  October  1980
infestatlon was also napped in Bednall,
Morgan, Stockyard and Stene blocks
(Harvey Division East) though these Eay
refer to Flooded Gw (eucalVptus rudis)
and not jarrah. The larvae of this
moth tunnel through the leaf tissue of
Jarrah fron June to october (Wallace
1970),  thereby resul t lng ln  reduct ion
of dianeter growth (Mazanec 7974).

The ecology of Pinhole borer has
not been studled for 60 years. The
fenale beetle lays her eggs on bare
lnjured tinber such as old blaze rnarks,
fire scars, or where llrrbs have fallen
of f  (Clark 1925) .  The l -arvae then bore
into the tree for about tr^ro years
before ernerging through snal1 ho1es.
Borers (specles not  speci f ied)  have
been recorded entering bark sp1lt by
f rost  (Barret t  unpubl ished data) .

The Bardl beetle has been recorded
as attacklng 1lve eucalyptus overseas
but it is not known whether it attacks
live jarrah. Wood danage ls eaused
mainly by the last larval" stage borlng
deep into the heartlTood. The Bullseye
borer nay cause fornatlon of kino veins
ln jar rah (McCaw 1983b).

The ternlte CopEoxermes
acinaciformes is the most abundant and
destruct lve specles ln  the southern
part of Western Australla (Calaby and
Gay 1956), rhough Jarrah has
rconsiderable res is tancer  (Ratc l i f fe  et
a] . 1952) . Termltes require
pre-existing fungal decay in order to
gain access to the wood of Jarrah
(Perry personal  conmunlcatLon*) ,
Heartwood of Jarrah ls dlstastefuL to

D.H.  Pexry -  re t i rp . l ,  former ly
Forests Department ,  W.A.
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termites (Rudnan and Gay 1967).
Nevertheless the condltion of Inud gut'
(nud tn the heart, nainly in the loner
bole of  a f fected t rees)  is  caused by
ternites. Iast grown trees appear to
contain a greater proportion of durable
wood than slow growrr trees of slmilar
slze (Rudnan and Gay 1967). Ilonever,
prellninary observatlons nade by
several members of the I'orests
Department suggest that the reverse may
be true. It is thought that fast
growlng trees have not ful1y developed
the extractlves to glve the heartwood
durablllty (J. sclater personal
communlcation*) . In thls context, note
that  Boas (1947)  p laced jar rah 1n
durablllty class 2, not class L.

There has been no research
comparable to that of Greaves et af.
(1965) in hrhlch the relative lmportance
of flre, lnsects and fungl as causes of
tlnber losses was detennlned.

Funsi

There are probably many hundreds
of species of fungi in the J arrah
forest  (see Apl in  I95 l ;  Hi l ton 1982) ,
but the eeology of only a few has been
studled (Forests Departnent  1971) .
Carne (1925) does not mention fungal
dlseases of jarrah, though narrl and
karrL were each referred to once,

In the fores! the nost obvious
fungl are those causLng decay; not
surprlsingly these rrere glven nost of
the early attention (Tanblyn 1936,
L 9 3 1 a , b ,  1 9 3 9 ;  R o t h b e r g  1 9 3 7 ,  1 9 3 8 ) .
These wood-rotting fungi are lmportant
in recycling carbon ln the Jarrah
forest. Early research concentrated on
taxonomy, disttibutlon, relative
lnportance of the decay produced, and
4lcroscopic effects of the fungus on
the wood. It has proven dlfflcult to
satlsfy Kochrs postulates and conflrm
that fungl collected on trees are the
prinary cause of decay.

J. Sclater, Department
Cono.

Tree decay starts wlth a hround ' j-n

which xylen ls exposed by a break ln
the bark (Shlgo 1979) .  In jured t lssue
is conpartmentallzed with gun' tyloses,
and other resistant chernl-cal products.
A conmon result of fire or logglng
damage of jarrah ls rincluded sapwoodt,
referring to the lnclusion of an area
of dead sapwood at some depth ln true
heartwood. The dead sapr{'ood may or nay
not be decayed. This condltion is
caused by a wound which exposes the
fresh sapwood, allowlng lt to become
infected by wood-destroying fungl.
Eventually the injured area is
overgrown.

It is lnportant to distinguish
between decays commenclng in the llvlng
tree, as agalnst those attacklng only
fa11en 1-og. Rots are classlfied by
colour, shape, and posltlon ln the
tree. Discoloured wood results from
alteratlon of cell- contents and does
not involve loss of strength, whereas
digestion of cell walls leads to decay
and loss of  s t rength (Shtgo 1979) .
Colour changes often reflect the
relative dlgestlon of Llgnin and
ce1lu lose.

Ecooonical-ly, most lmportant of
the decaylng fungl to 11vlng Jarrah is
the browrr trunk rot caused by
Piptoporus portentosus (syo. Polgporr"
eucalgptorum) and dry rot caused by
Potgporus peTTiculosus (syn. P.
pefles). Fisxulina hepaticat a
beefsteak fungus, ls the nost conmon
fungus on 1lvlng jarrah boles. It ls
associated wlth pencLlled rtood but not
with obvLous decay. Pencilled wood is
a very cormon abnornallty, occurrlng in
the bole,  l inbs and roots of  a l l  s izes.
The pencl1lin! begins ln the outernost
ring of truelrood and occasionally
extends into the sapwood. Although
penci l l ing is  found ln  a l l  d .o.b. rs ,
the sporophores have been collected
only on nature or over-mature trees.

The bracket fungus piptoporus
portentosus occurs throughout the
Jarrah forest, connonly as a trunk and
top rot of jarrah. The rot column
normally works dor^m the trunk from the
point of entry of lnfectlon, nornally a
dead or broken llnb. The sporophore
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defines the lornrer linlt of the rot
colunn. Laboratory studles of factors
affectlng the gronth of thls fungus
have been nade (Morrison I97l).
Polgporus peTficuTosus and F. hepatica
are connolr on o1d wounds of llvlne
j arrah.

In jarrah, agelng lncreases the
volume of hearfiood and renders the
inner truewood or heartwood susceptible
to decay (Rudnan 1963), Decay ls
apparently linited ln the younger tree
by the presence of toxlc chenLcals.
These becone Less toxlc as the tree
ages (Rudnan 1963) .

The control of heartrots in jarrah
ls dlrectly linlted by the difftculty
or inposslbllty of economlcally
nanlpulatlng the environnental factors
affecting the entrance and progress of
wood-destroylng fungi ln the livlng
tree (Tanblyn 1937 a, b). young stands
are, as expected, relatlvely free of
decay because of the lack of flre
daeage, logging scars, and the snall
proportion of overmature trees left.
Ilolrever, stump copplce nay be affected
by decay present ln the stump at the
time of fe11ing. Decay should be less
extensive in regxotrth stands because
cuttlng occurs we1l, before the physical
rotation (TanbJ-yn 1937 a, b).

One of the princlpal causes of a
cubical heart rot on dead jarrah wood
In the forest Ls Polgporus tunu-losus.
Although not of economlc inportance,
lts blology has been recently studied
( W i 1 1 s  1 9 8 3 ) .

The other najor cl-ass of fungl of
slgnificance ls the root-rot fungl
(nalnly Phgtophthora specles). Most
attentloo has been glven to the
solI-borne fungus phgtophthora
cinnamomi whlch causes jarrah dleback
(Klnber  1981) . ATmiTTaria
luxeobubaline is associated nainly with
sma11 roots of Jarrah (Shearer et a-2.
1983). It acts as a prirnary pathogen
ln some ar€as but not in others. In
winter Lt can rapidly invade the
camblun of the sten of Jarrah and k111
the,tree by gtrdllng. Although Aplln
(195f)  d1d not  record Lr  on Jarrah,  e.
luteobubaTina ls probably lndlgenous to

the northern jarrah forest.

Phgxophthora cinnamomi ls not
indigenous to Western AustraLla (Shea
1979) but  now occurs in  c .  220 000 ha
of  State forest  (McKinneJ- l  l98 l ) .
Patches of dead and dylng jarrah were
flrst recorded near Karragullen in
I92I, and over the next fe!, decades
nany patches of unthrifty j arrah
assoclated with sudden death of Banksia
grandis lrere noted elsewhere (Podger
1968, 19'121' Batlni and ltopklns 1972).
In 1948 a concerted effort was flrst
nade to define the extent and determine
the cause of these patches. Maay
factora, lncludlng waterlogging, salt,
nutrltion, fire hlstory, logglng
history, insects and fungal infectlon
were lnvestLgated but none proved
concluslve. The fungus p. cinnamomi
was flrst isolated Lt L964 (podger et
al . 1955), and rras found to be easily
spread by novement of soil during
loggtng or road constructlon.

The stages of dleback (Forests
Department 1971a; Batinl and llopkins
1972) arez chlorosLs and rhinning of
crown; partlal death of cror^m; death of
entlre crown; production of eptcormlc
shoots; and death. The death of the
aerial parts ls nerely an indlcatlon of
a danaged root  systen (Shea 1975) .  The
actual cause of nortality, through
nutr ient  def lc iency (Shea 1979)  or
interference wlth uptake of lrater (Shea
et  a l .  1982) ,  is  uncer ta ln.  Ear l -y
attention focussed on the flne roots,
but recently the fungus has been
recorded fron the bark and wood of
large horlzontal roots, the 1ower aten
and ver t lca l  roots (T ippet t  e t  a7.
1 9 8 3 ) .

Evldently nany factors have to
coinclde before death of the tree
results. Nerr root grolrth occurs when
soil temperature and nolsture are
favourable for the growth of p.
cinnamomi (Dell and l.lall-ace 1983).
Summer raLn Ls important ln providlng
condltions sultable for lnfectlon.
Whether death occurs seems to depend on
the growth rate of the fungus and how
qulckly the tree responds to lnfectlon.
Formatlon of klno velns ls lneffective
agalnst the fungus. Annual mortallty
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is generally less than 2 per cent
(Podger I972;  Shea and Di l lon 1980)
though 5 per cent has been recorded
(Podger 1972) .  Jarrah t rees in fected
rrlth the fungus achieve lower d.o.b.
growth (0.03 cn yr 1) than healthy
t r e e s  ( 0 . 2 0  c m  y r  r )  ( P o d g e r  1 9 7 2 ) .
Nevertheless 1n dieback affec ted
patches some healthy and vigorous trees
of ten rernaln (hhi te  1974) .

The fungus does not affect the
strength or durability of j arrah tirnber
(Batini and ltopkins 1972; MacKay and
Canpbel l  1973) .  However,  wood in
standing dead trees degrades rapldly
because of cracks ln the wood from
drying stresses. For this reason
timber is pronptly salvaged (Stenart
n . d .  ) ,

The view that P. cinnamomi ls the
cause of  jar rah d leback (Podger 1972)
has been dlsputed by Davison
(unpublished data) on the grounds that
Kochrs postu lates have not  been
sat ls f ied.

Durlng the early 1970s the general
attltude about the effect of the fungus
on the jar rah forest  was pessimist ic .
The foreft nas thought to be dooned
(Hopkins ' )  and therefore there was no
point in trylng to improve its
productivity. Recent  bet ter
understandlng of the biology and
ecology of the fungus lndicates that
management practlces nay dlninish lts
lmpact  on the forest  (McKinnel l  1981) ,
and that not all- sltes are equally
susceptl.ble (Shearer personal
conmunlcation*) .

other fungi that are economlcally

lmportant in the jarrah forest are
those causlng cankers, whlch are
sharply linlted necroses of cortlcal
tissue. Three species of lndlgenous
fungi, cvtospora euca Tgpticola ,
Discosporium eucalqpti arl.d Endothia
havanensis, and the introduced fungus
Botrgosphaeria ribis are associated
lrith twig, branch and upper trunk
cankers of jarrah (Davlson and Tay
1983;  Sut ton and Davlson 1983) .  Dead
tlrlgs and branches are coDmon on
jarrah, Cankers, lf they conpletely
glrdle a linb, wll-I cause lts death.
Fungi were lsolated from 97 per cent of
cankers, and about one quarter of lhe
cankers exanined were assocLated wlth
obvlous insect damage (ovlposition
s i tes or  beet le  gal ler les) .

0ther  ln imical i t ies

The nistletoe Amgema miquelii
(Lehn. ex Miq.) Benth. ls wldespread on
eucalypts in south-western Australia
(Barlow 1966). We have examlned
specimens tn the W.A. Herbari.um, and
have found that Eucalgpxus
gomphocephaTa, E. wandoo, E. patens. E-
caTophgTla,  E.  rudis ,  E.  todt iana,  E.
graciTis a'ld. E. salmonophToia have been
recorded as hosts. Holrever, there are
no records for Jarrah, and we have
never observed mlstletoe on Jarrah.

Another form of mlnor injury to
jarrah that ls no ]-onger practised
resulted fron the Aborlglnal practice
of cuttlng notches along the bole.
This enabled trees to be clinbed for
possur t rs  (0g1e 1839;  Wol laston 1841) .

Forests Department  f l1e H.O.
1 4 / 6 9 .

B. Shearer - Departnent of CALM,
Dwelllngup .
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