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■
TheroleofepICOrmicshootproductionin

maintainingfoliageinoldPseudotsugamenziesii
(Douglas-f叫 trees

HiroakHshiiandE.DavidFord

Abstract:ShootsandfoliageonbranchesofoldPseudotsugamenziesii(Mirb.)Francovar･menziesii(coastalDouglas-

fir)treesareconstantlyrenewedbyepicormicshootproduction･Epicormicshootsareproducedinallpartsofthe
crown,andeplCOrmicbudsremaindormantfわr5or6yearsonaverage.Epicormicshootproductionresultsinreitera-
tionofshootclusterunits(SCUs),anarchitecturalunitofshootorganizationwithinbranches.FivephasesofSCUde-

velopmentwereidentiBedbasedonrelativeagestructuresofregularandeplCOrmicshootsISCUsp'roduceepICOrmic
branchletsasearlyas3or4yearsofage,andpeakproductionoccurredaround6-13years.Epicormicbranchletsoc-
curtowardtheproximalendofmainaxesofSCUs,whereregularlateralbranchletsarenolongerproducingnew
shoots.Insomelower-crownbranches,nearly50%ofshootsandfoliageareepICOrmicshoots･Demographicanalysis
ofSCUsshowedthatupper-crownbranchesarestillgrowinglnSize,whilemid-andlower-Crownbrancheshave
reachedmaximumsize,andarebeingmaintainedbyreiterationorSCUs･Epicormicshootproductionmaintainsshoots
andfoliageofoldP.menziesiitreesafterheightgrowthandcrownexpansionhavestoppedandmaycontributetopr0-
10mglngtreelongevlty.

Keyworlds:aging,branchgrowth,epICOrmicshoots,longevity,Pseudotsugamenziesii,reiteration･

R6sum占:SurlesbranchesduPseudotsugamenziesii(Mirb.)Francovar.menziesii(sapinDouglasc6tier)age,1estiges
etlefeuillagesontconstammentrenouvelgspar1aproductionderameauxeplCOrmlqueS.LesrameauxepICOrmlqueSSe
formentdanstouteslespartiesdelacouronne,etlesbourgeonsepicormlqueSreStentdormantspendant5-6ans,en
moyenne.Laproductiondesrameauxepicormiquergsultedelariit6rationd'unitesregroup6esdetiges(SCUs),une
unitearchitecturaledel'Organisationdestigesauniveaudesbranches.Lesauteursontidenti丘i5sta°esdediveloppe-
mentdesSCUs,ensebasantsurlesstructuresd'agerelativesdetigesr6guliとresetipICOrmlqueS.LesSCUsproduisent
desrameauxeplCOrmlqueSauSSitatqu'a3-4ansd'age,etlemaximumdeproductionsurviententre6et13ans.Les
ram eauxepICOrmlqueSSeformental'extr6mit6ProximaledesaxesprlnCIPauXdesSCUs,ohlesrameauxlat6rauxregu-
1iersneproduisentplusdenouvellestiges.Chezcertainesbranchesdelacouronneinfgrieure,presde50%destlgeS
etdesfeuillessontconstitueesdetigeseplCOrmlqueS.UneanalysedimographiquesdesSCUsmontrequelesbranches
delapartiesuperleuredelacouronnesontencoreencroissance,alorsquelesbranchesdumilieuetdelabasedela
couronneontatteintleurdimensionmaximum,etsontmaintenuesparriit6rationdesSCUs･Laproductiondetigesepl -
CormlqueSmaintientlestlgeSetlefeuillagechezlesP･menziesllages,aPreSquelacroissanceenhauteuret
l'expansiondelacouronneontarretg,etpourraitcontribueraprolongerlalongevitedel'arbre.

Motsclefs:vieillissement,croissancedesbranches,tlgeSePICOrmlqueS,long6vite,Pseudotsugamenziesii,reitgratlOn.

lTraduitparlaRedaction]

lntroduCtion

OJd-growth temperateforestsofthePacificNorthwest
CoastofNorthAmerica,havesomeofthelargestandlon-
gestlivingconiferoustreesintheworld(WaringandFrank-
lin 1979). Following large-scale disturbance, forest
Successioninmid-elevationconiferousfわrestsofthisreglOn
generallyproceedsfrom initialdominancebyPseudotsuga
fneTIIiesii(Mirb.)Francovar.menziesii(coastalDouglas-fir)

tolaterinvasionbylate-successionalspeciessuchasTsuga
heterophylla(Raf.)Sarg.(westem hemlock),Thujaplicata
DonnexD.Don(westernredcedar),AbiesamabilisDougl.
exForbes(Pacificsilverfir),andTaxusbrevlfoliaNutt.(Pa-
cificyew)(Munger1940;FranklinandHemstrom 1981;
Spies and Franklin 1989; Stewart 1989).Although,
P.menziesiiisconsideredapioneerspecies,individualtrees
canliveover1000yearsandpersistintheforestforcentu-
ries,Wellintolaterstagesofsuccession.Inastudyofa450-
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year-oldPseudotsuga-Tsuga forestinthisreg10n,Ishii
(2000)proposedthatsustaineddominanceintheuppercan-
opycombinedwitharchitecturalacclimationinlaterstages
ofsuccession maycontributetolong-ten survivalof
P.menziesii.Inaddition,P.menziesiL'treesinthestandhave

reachedtheirmax.imumattainableheight(Ishiietall2000),
andcrownexpansionhasstopped(Ishii2000)･Intheirpopu-
lationdynamicsstudyofthesamestand,Franklinand
DeBell(1988)predictthat,ifcun'entmortalityratescon-
tinue,P.menziesiiwouldcontinuetopersistintheforestfor
anadditional755years.However,itisnotclearhowindi-
vidualtreesofP.menziesiL-continuetosurviveafterheight
growthandcrownexpansionhavestopped･
Inhisreviewoftreelongevityandaging,Westing(1964)
concededthatmeristematiccellsoftreesmayhavepotential
forinBnitegrowthandattributedcausesofphysiologlCalag-
ing,SensuClark(1983),toincreaseinrespiratorydemands,
accumulationofinhibitorysubstances,andvulnerabilityto

pathogePS･ConnorandLanner(1990)foundnoapparentdif-
ferencelnCambialcellproductionamongyoungandold

(4000'yearsold)treesofbristleconepine(Pinuslongae.va
D.K.Bailey)andconcludedthattreedeathinthisspecleS
mayoccurfromextemalratherthaninternalcauses･Westing
(1964)alsonotedthatmeristematiccellscanliequiescent
forsomeyearsintheformofdormantbudsandsuggested
thatproductionofepICOrmicshootsfromsuchbudswould
forestalltheeffectsofaglngandrejuvenatethetree.Bryan

andLanner(1981)foundthatepi.CormicbranchinginRocky
MountainDouglas-fir(P menzleSlivar.glauca (Beissn.)

Franco)isaHnamralhabitofreplacingdeadanddyingcroyn
componentsHandcontributestoprolonglngtreelongevlty･
RemphreyandDavidson(1992)foundthatepicomi cshoot

productioninbranchesofgreenash(Fraxinuspennsylvanfca
var.subintegerrima(Vahl)Fen.)contributedtomaintainlng
productivitybyincreaslngfoliageareainolder,innerre一
glOnSOfthecrown.Otherresearchershavesuggestedsimilar
effectsofepICOrmicshootproductionontreelongevltyand
maintenanceofproductivity(Ewers1983;BeginandFilion
1999).

Epicormic shoots (Fig.1) originate from domant
preventitiousbudsandsecondarydaughterbudsthatprolif-
eratefromthem(Kozlowski1971;ZimmermannandBrown
1971).Epicormicshootproductionhasbeenstudiedmore

extensi.velyinhardwoods(e･g･,KormanikandBrown1969;
Kauppletal一1987;Bu汀OWS1990;Ito1996),butalsooccurs
incomifers(e.g"Stein1955;BryanandLanner19811,Connor
andLanner1986;BeginandFilion1999)･Epicormicshoot
productionoftenoccursinresponsetoexogenousstimulisuch
asprunlng;damageanddefoliation･,orincreasedlight,water,
andnutrients(ZimmermannandBrown1971;Hal16etal.

1978)･However,numerousstudieshavefoundnoapparent
causalfactordirectlyrelatedtotheproductionofepICOrmic
shootsinmanyspeciessuggestlngthattheremaybean in-
herentnaturalpatterntotheirproduction(BryanandLanner
1981;ConnorandLanner1986;RemphreyandDavidson
1992;Ito1996;BeginandFilion1999).

BiginandFilion(1999)foundthatepicormicshootpro-
ductionresultedinreiterationofbasicarchitecturalunitsin

blackspruce(Piceamariana(Mill.)BSP).Reiterationisa
processwherebyarchitecturalunitsareduplicatedwithinthe
treefromdormantbuds(prolepticreiteration)orfromgrow-
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ingaxes(syllepticreiteration)(Hallietal･1978)･Beginand
Filion(1999)alsodistinguish"traumaticreiteration"thatoc.
cursinresponsetoexogenousstimuliandHadaptlVereiterat
tion"thatoccursinresponsetophysiologlCalneedsaspart
ofthenormaldevelopmentofthetree･BeginandFilion
(1999)Observedadaptiveprolepticreiterationinearlystages
ofdevelopmentinblackspruceonca･101year-Oldbranches
andproposedthatitisanimportantstrategyfわrmaintaining
photosyntheticcapacity.

WeobservedubiqultOuSPrOleptlCreiterationintheform
ofconstantproductionandgrowthofepICOrmicshootsin
crownsof400lyear101dP･menziesiitrees･Inthisstudy.We
characterizearchitecturalunitsandamountsofshootsand

foliageonbranchesthatarereiteratedasaresultofthispro-
cess,anddiscusstheroleofepicormicshootproductionin
maintainlngfoliageinestablishedcrownsofoldPmen:I-esii
trees･WealsodiscusstheimplicationsofeplCOrmicshoot
productionforpersistenceofindividualtreesofPmenziesL'i
inold-growthconiferousforestsofthePaci丘cNorthwest
coastofNorthAmerica.

Studysiteandmethods

Thestudywasconductedinanold-growthPmenziesii-Tsuga
heterophylLaforestattheWindRiverCanopyCraneResearchFa-
cilitylocatedintheThomtonT.MungerResearchNaturalArea,
GiffordPinchotNationalForestinsouthwesternWashingtonState,
U.S.A.(45049N,121057W,altitude355m).Thestandbasalarea
isdominatedbyP･menziesiiandTsugahetenophylla.Thuja
plicata,A.amabilis,and7TaxusbTleVlfoliaarealsoabundant.Other
treespeciesinthestandincludeAbiesgTTandis(Dougl.exD.Don)
Lindl･(grandfir),PinusmonticolaDougl,exD.Don(western
whitepine),andCornusnuttaliiAudubon(Pacificdogwood).
Franklin(1972)andFranklinandDeBell(1988)giveadetailedde-
scrlptlOnOfthearea.
DestructivesamplingwithintheResearchNaturalAreaisre-
stricted･Permissionwasobtainedtosampleninebranchesfrom
threetreesrepresentinglarge,medium,andsmallP.menziesiitrees
inthestandintermsoftreeheight(hereaftertalltree,mediumtree,
andshorttree',TableI).AllPmenziesiitreesinthisstandarebe-
lievedtobeacohortthatestablishedafterastand-replacingmajor
disturbancein山earea(FranklinandDeBell1988).Treeageat
breastheightwasestimatedfromincrementcoresandwas415
yearsforthetalltreeand405yearsfor仙eshorttree.Themedium
treecouldnotbesuccessfullyaged.OtherP.menziesiitreesinthe
arearangedinagefrom385k)410yearsoldatbreastheight･
ThethreesampletreeswereclimbedinAugustof1998uslng
thesingle-ropetechnique(Lilly1998;ClementandShaw1999)for
measurementofcrowncharacteristics.Allprlm∬ybrancheswere
numbered,andbranchheightabovegroundwasmeasuredusinga
tapemeasurethatwasstretchedverticallyfromthegroundalong
thetmnkofeachtree.Branchdiameterwasmeasuredimmediately
outsidethebranchcollaruslngdiametertapeforlargebranches
andcalipersforsmallbranches.Branchlengthwasmeasuredby
extendinga1in･wide(1in.=2･54cm)engineer'stapefromthe
trunktothefarthestfoliatedsectionofthebranch･Thetop2-3m
ofeachtreewasnotclimbedforsafetyreasons･Thelivecrownof
eachtree,fromthetopofthetreetothelowestfoliatedbranch
wasdividedintoupper-,mid-,andlower-crownlevelsofequal
depthAmedian-sizedbranch,intermsofdiameterandlength･
wascutnearthemid-heightofeachcrownlevel(hereafterupper-･
mid-,andlower-crownbranches;Table1).Thebrancheswere
carefullyloweredtothegroundusingropesSOaStOnotdamage
themandthentransportedtoanearbybuildingforadditionalmea-
Surements.
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Fig. 1. EpicOimic shoots (red arrow) are produced from suppressed epicormic buds on older parcnt shoots and can be distinguished by
their intemodal position on the parent shoot, vertical anglc of attachment. and age difference. Fig. 2. Tile shoot cluste!' unit is an archi­
tectural unit of ShOOl organization in old Pseudu/sllgo Inell~ie.l'ii trees consisting of a distinguishable main axis (MAl. formed by the
extending main axis terminal buel. and several lateral branchJets. Regular lateral branch lets originatc from lateral shoots produced by
the main aXIs terminal bud. while epicormic branchlets (red arrows) originate from epicormic shoots produced when epicormic buds
along the main axis are released from suppression. Shoots on seus were distinguished into "regular shoots" forming the main axis
and regular latcral branch lets, and "epicormic shoots" forming epicormic branchlets. Many seus consisted of both types 01' shoots.

Table I. General characteristics of sample branches of Pseudotsuga menziesii.

Tree Age estimate

branch position Height (m) Diameter (cm) Length (m) Aspect (years)

Tall tree (DBH, 135.3 em; tree height, 61.6 m)
Upper crown 56.8 7.6 3.3 S 85
Middle crown 35.4 20.0 8.1 NE 162
Lower crown 27.1 8.4 3.3 NW 138
Medium tree (DBH, 153.5 em; tree height, 58.7 m)
Upper crown 50.8 86 4.3 N 79
Middle crown 35.2 11.5 6.1 SW 155
Lower crown 21.2 5.3 2.8 SE 70
Short tree (DBH, 93.9 em; tree height, 50.8 m)
Upper crown 45.9 6.0 3.1 SW 105
Middle crown 36.9 10.1 4.9 NW 126
Lower crown 26.8 7.8 2.4 E 75

The age of each harvested branch was estimated by counting the
number of annual rings at the base of the branch, with the aware­
ness that this may underestimate branch age as P menziesii branches
can have missing rings, especially in branches growing under 101'.'­

light conditions of the lower crown (Reukema 1959; Kershaw et al.

1990). The foliated shoots on each harvested branch were divided
into "shoot cluster units." A shoot cluster unit (SeU) is an archi­
tectural unit of shoot organization within branches of old
P. menziesii (Fig. 2). A branch may consist of 20 to more than ISO
seus (Fig. 30). The seu grows by forming one terminal shoot

© 200 I 1\RC Canada
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Fig･3･(a)IndividualbranchesofPseudotsugalnenZiesiiconsistofseveralshootclusterunits(SCUs)･(b)AmapofatypicalSCU

showsthemainaxis(MA),regularlateralbranchlets(RB),andepicormicbranchlets(EB)Withtheirrespectiveterminalbuds(MTB,
RTB,andETB).Valuesalongthemainaxisdenotethedistancebetweenbranchlets(cm)･Branchletswithoutaliveterminalbudare
markedwithaXatthetip･

一 一MTB

andtwoorthreelateralshootseachyear.Asaresult,shootsareor一
ganizedinclustersconsistlngOfadistinguishablemainaxis,cre-
atedbytheextendingmainaxisterminalbud,andseverallateral

branchlets(Fig･3b).TherヮorphologyoftheSCUissimilartoa
compoundleafwiththemal九axisanalogoustotherachisandlat-
eralbranchletstoindividualleaflets.Inadditiontoannualproduc-
tionofterminalandlateralshoots,eplCOrmicshootsareproduced
atproximalpositionsalongthemainaxisoftheSCUandgrowto
formepICOrmicbranchlets.

Epicomi cbranchletsc?nbedistinguishedbecaヮsethey(i)origト
matefrom intemodalposltionsonoldermain-axisParentShoots,
(ii)growoutatverticalanglesabovetheplainformedbythemain
axisandregularlateralbranchlets,and(iii)areyoungerthanthean-
nualdaughtershootsofthesamemain-axisparentshoot.ManySCUs
arecomprisedof"regularshoots"formingthemainaxisandregular
lateralbranchletsandsubsequentlyproducedHeplCOrmicshootsH
formingePICOmi cbranchlets.Whiletemi nalbudsofregularlateral
branchletsusuallyonlyproduceoneortwonewshootsperyear,ter-
minalbudsofepICOmi cbranchletsoftenproducethreeormorenew
shootsandform thebasisofnewSCUs,AnewlyformingSCUwas
consideredaspartoftheparentSCUifitsagewasyoungerthanthe
maximumfoliagelongevity,andallshootsalongthemainaxiswere
foliated.AnewSCUwasconsideredindependentfromitsparerLtunit
ifitwasolderthan血emaximumfoliagelongevityandhaddeveloped
apetiolelikesectionatthebaseofthemainaxisseparatingitsfoliated
shootsspatiallyfromtheparentSCu WeobservedmanySCUsthat
hadepicormicbranchletsdeveloplllgIntonewSCUs仙atwerestill
notindependentfromtheparentSCU.

AllSCUsonthesamplebrancheswerenumbered,andradial
distancefromthebranchbasetothebaseofeachSCU(hereafter

SCUposition)wasmeasuredbeforeremovingitfromthebratlCb
Afterremoval,theSCUwaslaidflat,andlengthandwidthofth
foliatedsection,anddiameteratthebaseofthemainaxiswer
measuredusingrulerandcalipers.ForSCUsthathadcurrentor1
year-Oldshoots,whichcanbedistinguishedbytheiryoungerfc
liage,onthemainaxisoronregularlateralbranchlets,ageorth
SCU wasdeterminedbycountingannualbud-scalescarsfrom
theseshootstothebaseoftheSCU.ForSCUsthathadnocurrem

or1-year-oldshootsonthemainaxisoronregularlateralbranch
lets,OnlytheminimumageoftheSCUcouldbedeterminedb
countingannualbud-scalescarsfromtheyoungestshootonth
mainaxisorregularlateralbranchletstothebaseoftheSCU･(
addition,allfoliatedshootsontheSCUwereagedusingbud-seal
scarsandseparatedintoregularandepICOrmicshootsbyage-class

Frequencyandtimingofepicormicshootproduction
FrequencyofepICOrmicshootproductionwasinvestigatedb
comparlngamongbranchespercentagesofSCUswitheplCOrmi
branchletsandnumberofepicormicbranchletsproducedperSCt
TimingofeplCOmicshootproductionwasdeterminedbycompaJ
lngtheageofeachepICOrmicbranchlettoageofthemainaxj
parentshootfromwhichithadoriglnated.Forexample,a4-yea】
OldepicormicbranchletgrowlngOutOfa10-year-oldparentsho(
indicatesthattheepICOrmicbranchletwasproducedwhenthepa]
entshootwas6yearsold･Thisisequivalenttotheamountoftinl
theepICOrmicbudwasdormantontheparentshooLFrequencyart
timlngOfeplCOmicshootproductionweretakenforallbranch(
exceptfbr也elower-crownbranchofthetalltree.Thisbranchwi
the丘rsttobecut,andthesamplingdesignfわrthispartofthestud
wasnotcompleteatthistime.

◎2001NRCCana(
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GrOW仙 anddevelopmentoftheSCU
TheニーgeStl･uCtureSOfregularandeplCOrmicshootsineachSCU
IIereuトL,dtocharacterize丘vephasesofSCUdevelopment･The

gecrBendte?:Feel.Opfm≡nCtUws｡incaelacCuTatberda.nSCEUbeclhOanrgalcntgerltSOtlCeSaCshucphhaassesIZOef
andageWereCOmParedamongthesephases･
ToclはraCterizemorphologlCaldevelopmentofSCUs,wecalcu-

latedagesOfSCUswhenepICOrmlCbranchletswereproducedby
subtraCtlllgtheageofeachepICOrmicbranchletfromtheageofthe
scU･haddition,allSCUsonbranchesofthemediumtreewere
,napped(Fig･3b)IForeachSCU,measurementsweretakenofall
regulal･lateralbranchletsandeplCOrmicbranchlets:positionalong
themainaxis(distancefromthedistalendofthemainaxis),
Iength･andpresenceorabsenceofaliveterminalbud･Morpholog-
icalchiu.acteristicswerecomparedamongphasesofSCUdevelop-
menttoinferthemorphologlCaldevelopmentofSCUs･

E恥ctsorepicormicshootproductiononshootand

糾iagedynamics
Fol･OnehalfoftheSCUsineachbranch,lo啄(minimumthree
shoots)oftheshootsineachshootage-classforbothshoottypes
(reguJal.OrePicormic)werepreservedforsubsequentfoliagearea
me(lSul'ement(foliage-areasamples),whiletheremainingshoots
weredl̀iedfわrfoliagemassmeasurement(dry-masssamples)･All
needlesoftheremainlngOnehalfoftheSCUsweresortedby
shootlLge-Classandshoottype,oven-driedat700Cuntilconstant
weightwasreached(usually2or3days),andweighedtodeter-
minefoliagedrymass.
FoliilgeareaWasmeasuredbyremovingallneedlesonthefo-
liage-Eu･eaSampleshootsandlayingthemoutonacomputerscan-
ner(UMAX1200S,UMAXCorp.,Fremont,Calif.).Theneedles
weref一attenedwithapleCeOfglass,lightedfromabovetoobtain
thesill10uette,andscannedat300dpiresolution.Thescamedim-
agesWereprocessedusingScionImage(ScionCorp.,Frederick,
Md･)imageanalystsprogramtOObtainone-sidedneedleareatothe
nearesto.1cm2.Relativeerrorforthismethodwasestimatedtobe

lessthan2%.Theneedleswerethenoven-driedforfoliagemass
measurement.

Needlesfromthefoliage-areasamplesanddry一masssamples
wereoven-driedat700Cuntilconstantweightwasreached.Dry
massofthefoliage-areasampleswasusedtodeterminespeci丘c
needle area(SNA;cm2/g)foreachshootage-classandshoottype.
ThenlaSSeSOfthefoliage-areasampleanddry-masssamplewere
addetIforeachSCUtodeterminetotalfoliagedrymassforeach
shootage-classandshooHype.
SNAincreasedfromupper-tolower-crownbranchesandde-
creLltqedwithincreasingSCUposition(radialdistancefromthe
bral-｡hbase;Fig.4).Therewasasigni丘cantnegativerelationship
betweenSNAandSCUpositionformostshootage-classesand
shoottypesILinearregressionsoftheform:

ll] SNA=ax+b

whel･exisSCUpositionandaandbareparameters,were丘tfor
eachshootage-classandshoottype･Asetorregressionswasde-
velopedf♭reachbranchandusedtoestimateSNAofeachshoot
age-classandshoottypefromSCUpositionforSCUswherefo-
liage-areasampleswerenottaken･Forshootage-Classesandshoot
lyreswherethisrelationshipwasnotslgniRcant,meanSNAofthe
age-classandshoottypeforthebranchwasused･Bymultiplying
themeasuredandestimatedSNAsbyfoliagedrymass,totalfo-
llageareawasdeterminedforeachshootage-classandshoottype
forallSCUs.

Theamountsofshootsandfoliagebornonregularand
eplcormicshootswerecalculatedforeachbranch.InadditlOn,the
alllOuntSOfshootsandfoliagecomprlSlngSCUsofvariousages
Wel̀ecomparedamongbranchestoinferbranchgrowthanddeveト

255

0pmentfromdynamicsofSCUs.PrevlOuSStudieshaveappliedthis
typeofdemographicapproachtoinferrlngtreegrowthpa(tern
fromdynamicsofmodularunitssuchasbuds,shoots,andfoliage,
(ら.g.,Maillette1982;JonesandHarper1987;Wilson1989)･How-
ever,buds,shootsandfoliagearenotindependentunits,andtheir
dynamicshavetheconfoundinginfluenceofmorphologlCalcon-
straintssuchasbranchingpattern･Reiteratingarchitecturalunits,
suchasSCUsinthisstudy,aremoreindependentunitsandmaybe
moreappropriateforuseindemographicanalyses(Beginand
Filion1999).

Results

Frequencyandtimingofepicormicshootproduction
Foralltrees,mid-Crownbrancheshadmuchgreatertotal
numbersofSCUsthanuppeト andlower-crownbranches
(Table2).Epicormicshootproductionwasobservedin
56.8-loo鞄 ofSCUonbranches･Thispercentageincreased
fromupper-tolower-crownbranchesinthetallandmedium
trees.Fortheshorttree,themid-crownbranchhadaslightly
lowerpercentagethantheupper-crownbranch･

MeanfreqTencyofepicormicshootproduction(mean
numberofeplCOrmicbranchletsperSCU)rangedfrom2･57
to8.36anddidnotdifferamongbrancheswiththeexcept10n
ofthemid-crownbranchofthetalltreeandtheloweトCrOWn

branchoftheshorttree,bothofwhichhadhighervalues

thanotherbranchesonthesチmetree(Table2)･Fre9uencyof
eplCOrmicshootproductionlneachSCUwaspositlVelycor-
relatedwithSCUsize(lengthxwidthofthefbliatedsec-
tion)andSCUdiameter(atthebaseofthemainaxis)inall

branchesandwithSCUageinsevenofeightbranches.Fre-
quencyofepicormicshootproductionwasnotconsistently
correlatedwithSCU position･Thisindicatedthatlarger,
OlderSCUshavemoreeplCOrmicbranchletsthansmaller,
youngerSCUs,buttheoccurrenceofepicormicbranchlets
didnotvarywithSCUpositionwithinthebranch･

Meantimingofepicormicshootproduction(amountof
timeepico-icbudsaredomantontheparentshoot)ranged
from5.08to7.02yearsanddidnotdifferamongbranchesin
alltreeswiththeexceptlOnOfthemid-crownbranchofthe
shorttree,whereitwasgreaterthanfortheupper-and
lower-crownbranches(nlble2)･Timingofepicormicshoot
productionwaspositivelyco汀elatedwithSCUsizein丘veof
eightbranches,andwithSCUageinsixofeightbranches,
butwasnotconsistentlyco汀elatedwithSCUdiameterand
position.ThisindicatedthateplCOrmicbudsremaindormant
forlongerperiodsinlarger,olderSCUs,buttheperiodof
dormancydoesnotchangewithSCU positionwithinthe
branch.However,correlation coefncientsfortiming Of
eplCOrmicshootproductionwererelativelylow,indicating
thattherelationshipsarenotstrong.

GrowthanddevelopmentoftheSCU
Basedonagestructuresofregularandepicormicshoots
comprlSlngeachSCU,丘vephasesofSCU development

w?reidenti丘ed(Fig･5)･Agestructuresofregularand
eplCOrmicshootsweredistinguishedasHexpanding,"where
numberofshootsineachageclasssuccessivelyIncreasesto-
wardyoungerageclasses,or"declining,Hwherenumberof
shootsineachage-Classincreasesandthendecreasesorre一
mainsconstanttowardyoungerage-classes.Basedonthese
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Fig.4.ExamplesofrelationshipsbetweenSCUposition(distancefrombranchbase)andspeciBcneedlearea(SNA)Offoliage-area

samplesofPseudotsugamenziesii･SNAforcurrent-year,1-year-old,and2-year-o一dneedlesofregularshootsfromtheupper-crown,
mid-crown,andlower-Crownbranchesofthetalltreeareshownwithlinear-regressionestimatesoftherelationship･Eachpointrepre-
sentsmeasurementsfromindividualSCUswithinthesamplebranchLTheserelationshipswereusedtoestimateSNAs forSCUswhere
foliage-areasampleswerenottaken･ThemeasuredandestimatedSNAs Weremultipliedbyfoliagedrymasstoobtainfoliageareaes_
timatesf♭reachshoottypeandshontage-classofSCUs.
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TabJe2･Frequencyandtlmingofepicormicshootproductionandtheircorrelationwithsize,diameter,Position,andageofSCUsin
Pseudotsugamenziesii.

Tree SCUswith Mean

branch Totalno･ epicor血c frequency

posltl_On OfSCUs branchlets(%) (no./SCir
Talltree

Upper 37 56.8 2,57x
Crown

Middle 116 89,7 5.45y
CrOWn
Lower 28 100.0

CrOWn
Medillmtree

Upper 42 81.4 4.97二℃

Mean

rsfor触quency timing rSfortlmlng

si旦9ia _Diameter PositlO_nb 4 ge _ (years) Sized_ Diameter PosltlOnb_A_ge___

0.499** 0.611** -0,320 0.350* 6.72x 0.152 0222 -0.294* 0.262

0,561** 0.668** 0,054 0.452** 6.25x 0.214** 0.078 -0.099 0.209**

0.706** 0.611** -0.197 0394** 5.23x 0.205* 0,066 -0.222* 0.266**
CIOWn

Middle 157 94,3
CrOWn

Lower 54 94.4
CrOWn

Shorttree

Upper 19 73,7
CrOWn

Middle 86 67,8
CrOWn

Lower 27 82.1
CrOWn

6.03x O510群* 0618** -0.177* 0.429** 5.31x 0.160** 0.147** -0.120** 0.234**

5.90x 0.637** 0.674** 0.123 0.528** 5.08x 0.257** 0.196** 0.062 0.259**

5.50x 0,510* 0､835** -0.321 0.289 5.59x 0.040 0.111 --8.111 0.106

4.55x 0.675** 0.697** -0.227* 0.336** 7.02y O211** 0.192*6 0.104 0.315紬

8136y O･678** 0･611** 一口･093 0･734** 6･23x 10･145 -0･151 -0120 01222榊

Note:Withinthesametree,branchmeanswiththesameletter(x,y)arenotsigniflCantlydifferent(ANOVAandTukey'sHSD,P>005).rs,Spearman'srank
correlationcoefficients.～,P<0.05;**,P<0.01.
aLengthxwidth
bDIStanCefrombranchbase,

Criteria,SCUswere distinguished into threephasesof
growthandreiterationandtwophasesofdecline･

Thethreephasesofgrowthandreiterationareasfollows.

(1)Regulargrowthphase:TheSCUconsistsonlyofregular

shootsshowinganexpandingagestructure･Thisisthe
nrstphaseofSCUdevelopment･

(2)Epicomicinitiationphase:TheSCU consistsofboth

regularandepicormicshoots,andbothtypesofshoots

showexpandingagestmctures･Thisphaseisobserved

whenSCUs丘rststarttodevelopeplCOmicbranchlets･
(3)Epicomicrenewalphase:TheSCU consistsofboth
regularandepicormicshoots,andregularshootsshowa
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Fig･5･ExamplesofshootagestructuresofPseudotsugamenziesiiSCUsfromthemid-Crownbranchofthetalltreeillustratingphases
ofSCUdevelopment･EachphaseischaracterizedbyshootagestructuresofregularandepICOrmicshoots･
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decliningagestructure,whileeplCOrmicshootsshowan
expandingagestructure.Thisphaseisobservedwhen
theparentSCUbeginstodeclineafterfurtherdevelop-
mentofepicomicbranchlets.

Thetwophasesofdeclineareasfollows.

(l)Decline1phase:TheSCUconsistsonlyofregularshoots
showingadecliningagestructure.Thisphaseisobserved
when血eSCUdeclineswithoutproducingeplCOmic
branchletsora鮎rnewlyfわrmedSCUsorlglnatlng丘･om
eplCOmicbranchletsbecomeindependentandthede-
CliningparentSCUhasnoothereplCOmicbranchlets.
(2)Decline2phase:TheSCUconsistsofbothregularand
eplCO血 cshoots,andbothtypesofshootsshow
declimingagestructures･Thisphaseisobservedwhenboth
eplCOrmicbranchletsand也eparentSCUdeclinea氏er血e
epICOmi cimitiationphaseorepICOmi crenewalphase.
ThepercentageofSCU皇inthe丘vephasesofSCUdevel-
opmentchangedwithbranchposition(Fig.6).Upper-Crown
brancheshadhighpercentagesofSCUsinregulargrowth
phaseandepicormicinitiationphase,andlowpercentagesin
thetwophasesofdecline･Together,regulargrowthphase
andepicormicinitiationphaseaccountedfor85(talltree),
58(mediumtree),and68%(shorttree)ofSCUsofupper-
crownbranches,while血etwophasesofdeclineaccounted
foronly8(talltree),21(mediumtree)and5%(shorttree).
Mid-andlower-crownbrancheshadhighpercentagesof
SCUsineplCOmicinitiationphaseandepicormicrenewal
phaseandrelativelyhighpercentagesinthetwophasesof

団 Epicormicshoots

□Regu一arshoots

decline･Together,eplCOmicinitiationphaseandepicormic
renewalphaseaccountedfor56(talltree),57(mediumtree),
and46%(shorttree)ofSCUsofmid-crownbranches,and
57(talltree),80(mediumtree),and61% (shorttree)of
SCUsoflower-crownbranches.Thetwophasesofdecline
accountedfわr38(talltree),43(medium tree)and47%
(shorttree)ofSCUsofmid-crownbranches,and43(tall
tree),19(mediumtree),and32% (shorttree)ofSCUsof
lower-crownbranches.

SizeandageofSCUswererelatedtophasesofSCUde-
velopmentandtobranchheight･Thesetrendsweremostap-
parentforthetalltree(Fig.7).Whencomparedacrossthe
丘vephasesofSCUdevelopment,therewasanincreaslng
trendinmeannumberofshootsandmeanSCUagefrom
regulargrowthphasetoeplCOmicinitiationphaseand
eplCOmicrenewalphase.MeannumberofshootsperSCU
waslowerfbr血etwophasesofdeclinecomparedwiththe
threephasesofgrowthandreiteration.AgesofSCUsfわrthe
twophasesofdeclinevariedwidely,andmean agewasnot
differentfromthethreephasesofgrowth andreiteration.
TheseresultssuggestedthatSCUsincreaseinsizeandage
fromregulargrowthphasetoepICOrmicinitiationphaseand
eplCO-icrenewalphasebutmayenterphasesofdeclineat
v∬iousages.Whencomparedacrossbranches,therewasan
increaslngtrendinmeannumberofshootsperSCUand
meanSCUagefromupper-tolower-crownbrancheswithin
eachphaseofSCUdevelopment,wi血theexceptionof血e
regulargrow血 phase.ThissuggestedthatSCUsizesare
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Fig.6.PercentagesofSCUofeachbranchinthevariousphases
ofSCUdevelopmentforthetall,mediumandshorttreesof
Pseudotsugamenziesii･
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smallerandSCUsdevelopmorerapidlylnupper-Crown
branchesthaninlower-crownbranches.Similartrendswere
observedfb∫themediumtreeandshorttree.

SCUsbeganproducingeplCOrmicbranchletsatagesas

yoPngas3or4yearsold(Fig･8)･Thehighestpercentageof
eplCOrmicbranchletswereproducedwhenSCUwere6-13
yearsold.Ingeneral,eplCOrmicbranchletswereproducedat
youngeragesinSCUofupper-crownbranchesthanthoseof
lower-crownbranches.Forexample,modesofthedistribu-
tionforupper-,mid-,andlower-Crownbranchesoftheshort
treewere6or7,8or9,and12or13years,respectively･

Can･JIBot･VoL79,20t

Fig･7･MeannumberofshootsandmeanageofSCUsinvarL
ousphasesofSCUdevelopmentforupper-,mid-,andlower_
crownbranchesofthetalltreeofPseudotsugamenziesii･Error
barsarej=1SD･OnlyoneSCUwasobservedinthedecline2
phasefortheuppeトCrOWnbranch;hence,thereisnoSD.No
SCUswereobservedintheregulargrowthphaseanddeclille1
phaseforthelower-crownbrallCh.
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ThissuggestedthatSCUsdevelopmorerapidlylnupp(
crownbranchesthaninlower-crownbranches.

Measurementson SCU morphology weretaken I
branchesofthemediumtree,andtrendsinSCUmorpholo
withphasesofSCUdevelopmentweremostapparentfort
mid-crownbranch(Fig･9)･Intheregulargrowth phaと
regularlateralbranchletsoccurrednearthedistalendofml
axesofSCUs,andallhadliveteminalbuds.In山eeplCOm
initiationphase,regularlateralbranchletsoccurredtowa
thedistalendofmainaxes,whileeplCOrmicbranchlets(
cu汀edatmoreproximalpositions･Percentageofregularl̀
eralbranchletswithliveterminalbudsdecreasedfrom 1

to0%withincreasingdistanceawayfromthedistalend
mainaxes,whilefわreplCOrmicbranchlets,percentages(
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Figl8･FrequencydistributionsofSCUageinPseudotsuga
lHerl=[･t.siiwhenepICOrmicbranchletswereproduced,Calculated
bySuhstraCtlngtheageofeacheplCOrmicbranchletfromthe
SCUage･SCUagesareshownin21yearage-ClassesL
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creasedfrom100to55%andthenincreasedtolO0%.Inthe

eplCOrmicrenewalphase,distributionsofregularand
eplCOmicbranchletsweresimilartotheeplCOrmicinitiation
phasewithepicomicbranchletsoccu汀lngmoretowardthe
proximalendofthemainaxesthanregularlateralbranch-
1ets･percentageofregularlateralbranchletswithlivetermi-
naLbudsdecreasedfrom74toO%withincreaslngdistance
awayfromthedistalendofmainaxes,whileforepICOrmic
bmnchlets,itdecreasedfromlooto33%andthenincreased
tolO0%･InboththeeplCOrmicinitiationphaseandeplCOmic
refleWalphase,themodeofdistributionofepICOmi cbranch-
1etscorrespondedtothepositionalongmainaxeswhereper
CelltageOfregularlateralbranchletswithliveterminalbuds
neared50%:40-50cmfortheeplCOrmicinitiationphase
alld30-10cmfortheepICOrmicrenewalphase.Inthede-
cline1phase,regularlateralbranchletsoccu汀edmoreto-
Ⅵ′ard也edistalendofmainaxescomparedwiththeregular

259

growthphase,andpercentageofbranchletswithlivetermi一
malbudsdecreasedrapidlyfrom100toO%withincreaslng
distancefromthedistalendofmainaxes.Inthedecline2

phase,distributionsofregularandeplCOrmicbranchletswere
similartotheeplCOrmicinitiationphaseandeplCOrmicre一
mewalphasewitheplCOrmicbranchletsoccumngmoreto-
wardtheproximalendofmainaxesthanregularlateral
branchlets.Percentageofregularlateralbranchletswithlive
terminalbudsdecreasedfrom40toO%withincreasingdis-
tanceawayfrom thedistalendofmainaxes,whilefor
epICOrmicbranchlets,itdecreasedfrom75to22%andthen
increasedtolO0%.SimilarchangesinSCUmorphology
withphasesofSCUdevelopmentwereobservedfortheup-
per-andlower-crownbranches.
TbsummarizethedevelopmentofSCUs,upper-Crown
brancheshavemoreSCUsintheregulargrowthphaseand
theeplCOrmicinitiationphase,whilemid-andlower-Crown
brancheshavemoreSCUsin仇eeplCOmicinitiationphase,
theepICOrmicrenewalphase,andinthetwophasesofde-
cline･SCUsizeincreasesasSCUsincreaseinageandprog-
ressfromregulargrowthphasetoepICOrmicinitiationphase
andepicormicrenewalphase.However,SCU皇maydecline
atvariousagesduringtheirdevelopment.Meansizeandage
ofSCUswere smallerand youngerforupper-crown
branchesthanforloweトCrOWnbranches,suggestlngthat
SCUsaresmalleranddevelopmorerapidlyinupper-crown
branches.SCUsbeganproducingeplCOmicbranchletsas
youngas3or4yearsold,andtherewasapeaktothepro -
ductionofepICOrmicbranchletsat6113years.Upper-Crown
branchesproducedeplCOrmicbranchletsatyoungerages
thandidlower-crownbranches,suggestingagalnthatSCUs
developmorerapidlyinupper-crownbranches.Epicormic
branchletsoccuratmoreproximalpositionsalongmainaxes
ofSCUsrelativetoregularlateralbranchlets.Inaddition,
eplCOmicbranchletsproducenewshootsatpositionswhere
morethan50%ofregularlateralbranchletsarenolonger
producingnew shoots･ChangesinSCU morphologyas
eplCOrmicbranchletsgrowtoreplaceregularlateralbranch-
1etscanbeobservedbycomparlngtheregulargrowthphase,
eplCO-icinitiationphase,eplCOrmicrenewalphase,andde-
cline2phase(Fig･9)･

Effectsofepicormicshootproductiononshootand
foliagedynamics
PercentagesofshootsandfoliageproducedbyeplCOrmic
shootsincreasedfromupper-tolower-Crownbranchesfor
thetalltreeandthemediumtree(Table3).Fortheshort
tree,percentageswerelowestfわrthemid-Crownbranch
comparedwiththeupper-andlower-crownbranches.Ofthe
ninesamplebranches,theupper-crownbranchofthetall
treehadthelowestpercentageofshe-｡ts(9.9%),foliagedry
mass(7･0%),andfoliagearea(8･0%)producedbyepicormic
shoots,andtheloweトCrOWnbranchhadthehighestpercent-
age(49･8,46･0,and48･1%ofshoots,foliagedrymass,and
foliagearea,respectively)･Forallbranches,percentagesof
cu汀ent-yearShootsandfわliageproducedbyeplCOrmic
shootswerehigherthanforallshootscombined,withranges
of11.4J6.0%ofcurrent-yearshoots,8.1-64.6%ofcurrent-year
foliagedrymass,and9.4-4811%ofcurrent-yearfohagearea.
Themodeoftherelativedistributionofshoots,foliagedry
mass,andfoliageareaacrossSCU age-classesincreased
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Fig･9･MorphologlCalcharacteristicsofSCUsinvariousPhasesofSCUdevelopmentforthemid-Crownbranchofthemediumtreeof
Pseudotsugamenziesii.BarsshowfrequencydistributionsofregularlateralbranchletsandepICOrmicbranchletsalongmainaxesof

SCUsin10-cmdistanceclasses･LinesshowpercentagesofregularandepICOrmicbranchletsineachdistanceclassthathaslivetermi､
Halbuds.
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Table3･Totalamountofshoots,foliagedrymass,andfoliageareaofbranchesandpercentagesproducedbyepICOrmicshootsof
Pseudotsugamenziesii.

No･ofshoots Foliage血ymass Foliagearea

branchposition Totalshoots Epicormic(%) Total(kg) Epicormic(%) Total(m2) Epicormic(%1

Talltree

Uppercrown
Middlecrown
Lowercrown
MediutTltree

Uppercrown
Middlecrown
Lowercrown
SllOrttree

Uppercrown
Middlecrown
Lowercrown

3533(1017)
13577(2108)
3937(714)

6284(1304)
20178(3228)

6533(1255)

2605(583)
12561(1669)
4112(676)

9.9(ll.4)
36.2(50.4)
49.8(66.0)

23.3(30.3)
32.2(44.1)

40.9(54.7)

29.3(35.6)
19.7(32.1)
38.6(54.8)

1.000(0.345)
3.406(0.625)
0.711(0.109)

1.332(0.334)
4.020(0.750)
0.827(0.193)

0.496(0.119)
2.316(0.353)

0.584(0.103)

7.0(8.1)
31.4(54.2)

46.0(64.6)

19.7(27.5)
25.1(37.0)

34.4(47.9)

25.2(32.4)
16.6(28.6)
33.0(50.5)

4.235(1.615)
19.984(4.599)
4.979(0.988)

6.984(1.953)
25.752(5.639)

6.586(1.750)

2.354(0.727)
13.892(2.507)

3.942(0.847)

8.0(9.4)
33.1(46.6)

48.1(64.9)

20.1(27.2)
26.0(37.2)

34.3(46.6)

27.6(34.6)
17.4(28.7)
33.7(55.2)

Note:Valuesinparenth esesaretheatnountandpercentagesofcurrent-yearshootsandfoliage.

fromupper-tolower-crownbranches(Fig.10).Thistrend
wasstrongestforthetalltreewhoseupper-Crownbranch
hadamodeat10orllyearsfornumberofshootsand6or
7yearsforfoliagedrymassandfoliagearea,whilemid-and
lower-crownbrancheshadmodesat12or13yearsforshoots,
foliagedrymass,andfoliagearea･Similartrendswereob-
servedforthemediumtreeandshorttree.

Discussion

EpicomicshootproductionincrownsofoldP･menziesiL'
treesisaconstantprocessthatoccursinbranchesfromdif-
ferentpartsofthecrownandintreesofdifferentsizesIThis
suggeststhatepICOmi CshootproductioninoldPmenziest'i
treesisnotaresponsetoexogenousstimulibutanatural
partofbranchgrowthanddevelopment,i.e.,adaptivereiter-
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Fig･iO･Percentagesofshoots,foliagedrymass,andfoliageareaineachbranchbol･neOnSCUsofvariousagesofPseudotsuga
/′∫e/i:iesii･SCUagesareshownin2-yearage-classes･
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ationsensuBeginandFilion(1999).Epicormicshootpro-
ductionresultsinreiterationofSCUsandmaintenanceof

shootsandfoliageonbranchesofoldP.menziesiitrees.

FrequencyandtimingofepicormiCshootproduction
lfepicormicshootproductionwerecausedbyexogenous
stimulisuchasdamage,onewouldexpectupper-crown
brallChes,whicharemoreexposedtoharshenvironments,to
haveahigherfrequencyofepICOrmicshootproduction･
However,frequencyofepICOmicshootproductionwasnot
higherforupper-crownbranchescomparedwithmid-and
lower-crownbranches･Inaddition,frequencyofepicormic
shootproductiondidnotvarywithSCUpositionwithinthe
branch･TheseresultssuggestthateplCOmicshootproduc-
tioninoldPmenziesiitreesoccursconstantlyandwithout
exogenousstimuli.

IfeplCOmicshootproductionwerecausedbyexogenous
stimuli,thetimingofepicomi cshootproductionshouldalso
ValYamOngupper-andlower-Crownbranchesdependingon
thefrequencyofdamageorotherstimuli･However,timingOf
epicomi cshootproductionwasrelativelyconstantfromupper-
tolower-crownbranches･Inaddition,tirrungofepICOmi C
shootproductiondidnotvarywithSCUpositionwithinthe
bi･anch.TheseresultsshowthatthenumberofyearsepICOmi c
budsremaindormantisnotaffectedbycrownpositionand
suggestthatreleaseofepICOmi cbudsfromdormancyoccurs
c.)nstantlyandwithoutexogenousstimuli.

Foliagearea

261
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Growthanddeyelopmentor仙eSCtJ

DistinguishingregularandepicomicshootscomprlSlng
eachSCUhelpedidentifyphasesofSCUdevelopmentand
elucidatemorphologlCaldevelopmentofSCUs.Differences
amongbranchesinpercentagesofSCUsintheavephases
ofSCUdevelopmentreflecteddifferencesinSCUdynamics.
Upper-Crownbranchesaresmallerandyoungerthanmid-
crownbranches,andhavehighpercentagesofSCUsinearly
phasesofgrowthandreiteration.ThissuggeststhatSCUsc･f
upper-Crownbranchesarestillexpanding,andthebranchas
awholeisstillgrowlnglnSize.Mid-Crownbrancheswere
largerandolder,hadhighpercentagesofSCUsinlate
phasesofgrowthandreiteration,andhadrelativelyhighper-
centagesinthetwophasesofdecline.Thissuggeststhat
manySCUsarenolongerexpanding,indicatingthatmid-
Crownbranchesarefurtherdevelopedthanupper-Crown
branchesandmayhavereachedmaximumsize.Thediffer-
encesbetweenupper-andmid-crownbranchesshowthat,as
branchesdeveloplnSizeandbranchgrowthdeclines,more
SCUsarereiteratedbyeplCOrmicshootproductionLower-
CrownbranchesalsohadhigherpercentagesofSCUsinlate
phasesofgrowthandreiterationandrelativelyhighpercent-
agesinthetwophasesofdecline.Thesebrancheswererela-
tivelysmallinsizeandvariedinage.Growthoflower-
crownbranchesmayalsobedecliningbecauseofthelow-
1ightenvironmentofthelowercrown,resultinglnmorefre-
quentproductionofepico血 CshootsandreiterationofSCUs.
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Fig･111Schemal.CdLagramShowlngthebranch】ngpatterl1anddeveLopmentalphasesoilSCUslnP.-etL(I(,/Lm8,,menこLeW ,Llghト帥 ell

rolltlgede)1°teSCurJenトyearshoots,Whlledark-greenfo]LagedellOteSOldershoots･Arrows(r卜g)denotetl-anSltlOnSbetweenpha.qe_t､川
thecnLITeSCUrsoll(1llneS)andpartsorSCUs(brokenJines)

DecHne2

Epicormicinitiation

Regu一argrowth

Epicormicrenewal

Figs.12and13･EpICOrmlCShootproductLOnOccursaLtwolargerscaleslnOldP∫eudoE5ugamenZleSEE'treesThree-dlrnenS10rtaLfoll､､

(Flg.12,arrows)formatthebasesofsub-branchunltSreiteratedbyepICOrmicshootproductionfromoldersectlOnSOrthebranch

(branchdLameLer18cm)EpICOrmlCbranches(FIB.13,EB)resultfromepicormiCshootproductionfromthemalnStemandcanbe
dlStmgulShedfromorlgJna】branches(OB,branchdlameter15cm)

準 漕

InvestlgalionofthemorphologlCaldevelopmentofSCUs regularlateralbranchletsal･eStillgrowing,andtheSCLI

showedthattheexpandingbranchingpatternofregularshoots developstotheepi.cormicinitiationphase(Fig･Ilo)ISCU､
resultsintheexpandingage-structureintheregulargrowth beginproduclngeplCOmicbranchletsasearlyas3ol'4yeal､

phase(Fig.ll)IFrom theregulargrowthphase,epicomi c ofage･Thegreatestnumberofepicormicbranchlets(ll'L'

branchletsmaybeproducedalongmainaxesofSCUswhile producedwhenSCUswere6-13yearsold,andeplCOm山
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brallChletproductiondeclinesthereafter,suggestingthatSCUs
PlaydeclineinvlgOrafterproducingepICOrmicbranchlets.
帥COrmicbranchletsoccurtowardtheproximalendofmain
axesinareaswheremostoftheregularlateralbranchletsare
nolongerproducingnewshoots･SCUswerefoundinthe
decline1phaseatagesasearlyas6years,suggestingthat
solneSCUsmay alsodeclinewithoutproducingany

epicormicbranchlets(Fig･11b)･Fromtheepicprmicinitia-
tionPhase,shootproductionratesofregularlateralbranchl
letsmaydecline,whileeplCOmicbranchletsmaintainhigh
shootproductionrates(epicomicrenewalphase;Fig.1lc),
orshootproductionratesinbothregularlateralbranchlets

andepicormicbranchletsmaydecline(decline2p九as?;
Fig.lld)･From theepicormlCrenewalphase,epicormlC
branchletsmaygrowfurthertoformnewSCUsthatbecome
independentoftheparentSCU(Figllle)ITheparentSCU
nlaythenbeclassifiedasbeingindecline1phaseifnoother

epicormicbranchletsarepresent(Fig･llj),remaininthe
eplCOrmicrenewalphaseifothereplCOrmicbranchletsare
stil一expanding,orenterdecline2phaseiftheremainlng
epicormicbranchletsaredeclining(Fig･11g)･

Effectsofepicormicshootproductiononshootand
foliilgedynamics
Tenpercenttonearly50% ofshootsandfoliageof
brallChesareproducedbyeplCOmicshoots.Epicomicshoots
produceasigni丘cantamountofshootsandfoliageofmid-
andlower-crownbranches,suggestlngthateplCOrmicshoot
productionisanimportantprocessformaintenanceofthese
brallChes.Inallbranches,higherpercentagesofcu汀enトyear
shootsandfoliageareproducedbyepICOrmicshootsthan
forallshootscombined.Inlower-crownbranches,morethan
50% ofcurrent-yearshootsandfoliageareproducedby
eplCOrmicshoots.Theseresultssuggestthat,inadditionto
mailltainlngShootandfoliageamount,eplCOrmicshootpro-
ductionleadstorejuvenationofshootsandfoliage.
UppeトCrOWnbranchesconsistmainlyofshootsandfo-
liageonyoungerSCUsthandomid-andlower-crown
bmllChes･Differencesamongbranchesaremostpronounced
forthetalltree,whichhasthedeepestcrown.Thisagrees
witlHeSultsofSCUdevelopmentandsuggeststhatupper-
Crownbranchesarestillgrowlng,Whilegrowmofmid-and
lower-crownbranchesmaybelimited･Epicomicshootpro-
ductionmaybeanimportantprocessforrejuvenatingshoots
andfoliageandmaintainlngbranch-levelproductivltyln
mid-andlower-crownbranches.

TIleroleorepicormicshootproductionincrown
maimtenance

Epicormicshootproductionisaconstantprocessin
crownsofoldPmenziesiitreesandleadstoreiterationof

SCUs.Ito(1996)foundthatgrowthrateandhydrauliccon-
ductancewerehigherforepICOrmicshootscomparedwith

terminalshootsinFrownsofQuercuSaCutissimaCarruth･
andsuggeststhateplCOrmicshootproductionmayleadtore-
newalofshootsandfoliage.Astreesage,thebalancebe-
tween productive and non-productive organsbecomes
increaslnglyImportantinmaintalnlngOVerallproductivltyOf
thetreecrown(RemphreyandDavidson1992;Sumida

1996)･Epicormicshootproductionworkstogenerateprワ-
ductiveorgansfromex.istlngbranchingstructure,resultingln
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efficientrenewalofshootsandfoliage.Kershaw etal,
(1990)foundthatbranchlongevityrangedfrom 4to72
yearsinyoungandmaturep.menziesii(10-130yearsold).
Wefoundbrancheswithmorethan100annualrlngS,Sug一
gestingthatbranchesmaybemaintainedforlongerperiods
inoldP.menziesiitrees.Epicormicshootproductionmaybe
animportantmechanismformaintainlngbranch-levelpro-
ductivity and prolonging branch longevity in old
P.menziesiitrees.

InadditiontoreiterationofSCUs,WeobservedeplCOrmic
shootproductiontooccurattwolargerscalesinthecrown
ofoldPmenziesiitrees.Epicormicshootproductionfrom
oldersectionsofbranchesleadstoformationoflargesub-
branchunits.Sub-branchunitsthatonglnatedfromepICOrmic
shootscanbedistinguishedbytheirthree-dimensionalangle

ofattachmenttothepa.rentbranchingstructure(Fill12)･
Epicormicshootproduct10nfromthetrunkandnearthebase
ofbranchesleadstoformationofepICOrmicbranches.
Epicormicbranchescanbedistinguishedfrom orlglnal
branchesbyacombinationofdistinguishingcharacteristics:
smoothbarktexture,tangentangleofattachmenttothe
trunk,occurrenceinmultiplenumberswithinasmallareaof
thetrunk,andsmallerdiameterandshorterlengthrelativeto

nearbyoriginalbranches(Fig･13)･AllthreeloweトCrOyn
branchesinthisstudywereeplCOrmicbranches.ReiteratlOn
ofSCUs,sub-branchunits,andentirebranchesbyeplCOrmic
shootproductionmayworktomaintaintheestablishedcrown
ofoldPmenziesiitreesafterheightgrowthandcrownexpan-
sionhavestoppedandcontributetoprolonglngindividual
treelife-span.
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