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INTRODUCTION

The phenonenon of intra-annual bands, or false rings, is one that
has received rittle attention €ron dendrochrono rog !sts . rn part this i,s

a result of their characteristic scarcity in most tree-ring series, but
rn addltion, dendrochrono I og is ts bave often avolded sampling trees that
show high frequencles of false rlngs. Because lntra-annual bands can

make crossdating more dlfficult and often tenuous, researchers

developing tree-ring chronologies have tended to avoid them.

Arternatively, intra-annual rings can be viewed not as a nuisance, but
as a data source that nay embody inforrnation not manifest in annual ring-
cidth ser les.

In the 1960s, Fritts (L9761 rnade detailed observations of ring
development and correlative environnental variability for a fer years on

growth for a ponderosa pine in the santa catarina l{ountains. Fritts
(L976) showed that intra-annual bands of ratewood within the eaarly nood

protion of the annual ring are attributabre to variations in growth rate
during the grouing season. The specimen shored false ring formation in
four of the five years it was monitored. Fritts also indicated that the

intra-annuar latewood tended to form during tbe persistent June drought
that characcterizes southern Arizona climate, while renered earlywood

growth ras correlated with the onset of the intense July-August rainy
season.

Frittsf data on false-ring developnent suggest that the pines are

responding rapidry to sunmer noisture conditions, resulting in same-year

ring response to the sumner conditions. This is potentj.al.ty useful , in
that nost dendroclimatic investigations have f,ound that surnmer climate
typicarry is only poorly reflected in the ring pdiths of the same year;
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effects 'lf gurrtrrler rairt are ,lftelr if,bg€rved L-1lrly in the gubsequent y€'arts

rillg struEture (Fritts and Swetnarri rr.d.l. As a result, derrdroclirriati,:

reconstru,:tic,lrs (e.e., Ense et al . 1.lBl r trave f*und it difficult t,:

isolate atrd pr*di,:t tlre rnain sLrrirrler rairlfalI ev€nt, E::aririnirrcr a dir.-,-t

resp':use, rather tltan ,:rre obgcured by a nne-year lag ':,:,L(1d pr,lvide a

rrieans for better estirratian ,lf warrr-seagr|t pre€ipitatiorr variability,

One ge,:,graplTic reqi,:n ',Jllere ilrtra-annual rings are relati.vely

f,:'nirrl':,r't is itr the niE,urltai|ls 'lf sa,Lttheastern Ari:,rrra wlrere the suniri€r

" rri,:'tr g,ton a I " inf Iuv: 'trf rrl':,i Et air, f 'll lnuirlg a prevalent Epriitg dr,-ruqtlr t r

gives a very strr,ng precipitatiort rnaxinrur . False ri.ng= slr,:w r-rp i.rr

Eeveral ':'f,ni f er ta:{a, particr-tlarly Ari:r'na ryFress arrd species ,rf pine,

esp,icially tlr*=e gr':1wit1g near tlle l,:,r,rer w,:,:,dland niargiir {Ellg=

P':'frdeI-!:'sE' E. !efspllylfq' arrd F. etrgel. rrratr!!f :) - ELnuE engelnsnrri. i tlarr.

(.Apa.lr* pilre; f,:'rrierly l::r').:',J,,n as f . !g!! fr,lia ,rr F, apaifre,:a:), is nlle €,i

tlre spe,:i.es that slr,rws str,:'r1g false ring devel'ipment. It is aIsr, ,:ne ,rf

tlre least studied species nf pine i11 the United States, irr part be.ause

its distributi,ln is ss liorited. In tlre lJnited States, this l'ladr ean

speri*5 c'{.:LlrE c,nly irr the l:: tr i r i ,: a [r ur a , Huaclruca, DraqEL.ir'i, Santa F;ita,

arld Santa tI:ataI ina lvl':'u!r t a i i1s ,:' f s,futheast€'rn Arir,r?la, and i.n ttre e::trerrie

s'tr|-ltllwest Enrtler ':' f New Mexicc, (Fig. 1). It has rereived little

attenti,:'n f r ':'rrr dendr,rl:hr':,n,:,lL.1gists f.:lr thr*e reas,:us: 1.) it re]stiv*
yayity, I) its tenden':y t,: be shr'rt-1 ived, and 3) the high inciderrre ,rf

false rings. 5,:hulnralr (1956i, f i:r exafipIe, disnri.ssed E. g4gglrrranni i as

undatabLe.

Tlre present study is an exploratc'ry investigati$n of the ,:,ct:L{rre}tre

':' f intra-arlrrual barrds in a set ,=f Aparhe pi|les f r ':'rri tlre tl:hirirahu.r

ltLlul.ltains. The c,bjeEtive is tc, exariine false rings r-rrr ,:rc,ssdatgd
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spe':imens, dr:,vel,rp a f,hrtrr1nl':,gy nf their presenre and absen,:e, assess

the inrportanrs ef age and interstand di fferences, and make prel irrrinary

f,6rreLati,:rns ,f f ttreir r'raurre|r,:e wittr ,:Iir.rati,: data, observati'rr.ls .:trl

the platerrtent r,f false rines along ttre rad j. al axis witlrin each annual

r i nq ar e al s,= nrade.

T,IATEFI I ALS AND I'IETHODS

SEe,: i niens_exarrilgeg!

Tw,r statrdg ':'f Aparhe pine were sa.fip1ed franr Fttry,:,l i.te rlany,lp jp

Dlririrahua Nati,trnal Hanurrient on tlre ',/est side,rf ttle L:hiriaahua

l'1,:,LU1t a j. frsr ll:,=chise tl.'*urrty, Ari=,:na. An initia.L catlecti,:'n L,as rrade f rr,rrl

a srttal l stand (desiqnated LFlr:: f nr L,rwer Fthy,rI ite rlarry,rrr ) frnrrr near ttre
1r'wer end r-r f the ':any.rn at an eleva.ti.,:rr rrf 54c)o fe€t. Tlris stand is f rnr,l

3(l(l-5(lO rrr east 'ff the l'1l:,nurrrent Visit,rr t::er.lter, l,-1aati,t!t Df th€.

tl:[ririrahua N. l'1. L/eather static,n (Fig. !). Af ter tlre initial s'arnpl€ ,:, f I
trees nrade in Ottober, LgBt, proved tn rDntai|l ,:nly a fe,.,, usable ,:,:,resr

a seEnrid sarrrple L-r f 1Cl additi,:rral tre*s wag nade in Mar,:h. 139{:}. Twn

':':'res f rL-|nr eai:h tree were tal.;eri at breast height f rarrr ,rpp,lgi te sides ,rf

the tree (.perpindicular t r-.r tl.le direEt j. L-|n of lean ur slc,pe).

Sanrpled trses fr,:rrr tlre LPrl stand ar* all f r,:nr a restrirted area Brl

the irliier terrare af the rtiairl Fillynl it,; tJanyarr strearri rlrarrnel. Dates f r,:,rrt

these treeg ,:Iuster ar,:,ulrd A.D. lgOO, h,trr.,,ever an earl iest date Bf ,:a.

184Q prc,vid€ a rrri ni. rtlLrr,i age ftrr ttris young-1r,r,llirr_q g€.-rm,trrpl.li f surfare,
Ass,lciated trees in':lude Out r,: us_ar i :,:'n i c a, S. hyg,:,Le9S6ides, Juniperus
degeanna, F14gg_gerriQg':' i d es, P. !e!'rp[v!Ia, arld s,:attered p. E,]ndr.rE,sa.
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Tlre sec '.-rnd exarriined sample inrl.udes 1: {nres frtrm 7 trees f r,:rr'r tlre

f I'for af Flhy'31ite t-1atry,:tr -a. : li rrt upstrearrt t'= the east near tfre rirr,ut h ,:f

Sarah Demirrg tlany,rrl. Tlri.s is f r,lnr a r,=l1er, r.i':.r e rrr€Eir settilrg at a|r

elevati.sll ,rf ca- 5B5t-l feet. Tlrese sperirrrens, designated by the Fref ili

EFL, were ': ':11 le,:ted, prepared, and dated Lab,trratnry f 'r.1r Tree-F:irrq

Ee=ear,:lr personnel (the generc,us asEistance and adviEe urf tlhris Easin

and Al*v: M,: r::,lr d are oreatly appre':iated.t. Inrluded are tlrree ':nr€s fr,:'ril

t !.,,:, r::hilluahLta pi.nes (F. lglgglfy1lB) in additi,rn t,_r !. gngglrierrr.ii i. Trees

f r,-,rri this lriqher statrd are in generally bettsr ,:,:indit j.tin ttran th,:sri fr,=rri

the LF.:r:: stand, wi tlr ereater rrlearr ring-uidtlrs, few*r rrrissing ringE,

easj.sr ':rc,ssdating, aild mars readily .,bservabl€ false-ring d€ve1,:'pnient.

A larqe p r ,lp ':rr t i ':,tr 'ff lab'tratary tirrie was dire':t*d tnward

att€rnptirrg arcurate ':ri-'sEdating rf tlte LF-:E spe': j.ftrens. TFri= was f .:,uird t-,

be dr f f i.':Ltlt and, with s,:'nte ,:frreE, ulta':hievabIe. eing rllara':teristi.,:s

vary greatly, particurlarly as a f|-rncti,:,n c,f tree age. The *urter derades

nf 'rI der treeg tlrara,:teristi':ally are d*rninated by narr,:w, indistintt

rir'lCs with irL{r'ier ':'Lrs riiEsi.}lg years. Sl:eIetc'n-pl'rttirlg of ring-widtl-r

patterrls and c,:nrparis,:,n witfr sFe':inl*r'ls and rirrg-wi.dtlr seri*s f r,:,n p1**.6t

stands (Onic,r'r SaddIe, the F:FL spe,:irr.iens, atrd slleletsn plnts prepared by

Al*ri I'1,:l:,:,rd), appr,:'rirriately ,36g-5aI f ,rf the LF;r-1 spe;ini*n= were

rrr,ssdated and f,:'Ltrld aPprnpriete f E,r false-rirrg analysis. A rorrrbirred

sarrple ':, f =: ,:r,:'ssdated r,:,res fronr 14 trees r,,,er e exanrined fnr false rinq

development, Theee inrllrde 1O ':c,res (:5 tr*es) f r,:rrr the RFL cc,]1e,:tinrl

and 1: ':,:'res (:B tre*s) fr,:,ni tlte LRtl gtarro.

Fal se:Li rf g_Dat a
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The analysis ,:f false-Fing ,;"; s s1.1. er1': e preserlt*d lrere is based ,:rr1

ttre rBded presen€e ,ln a fnur-p,lint c,rdinal srale ,:,f false ring
distinrtiv*r1ess f 'rr ea':ll allnLral rilrqt. Designati,irrs for this c,:dinq

systelrrr tn,:d i f ied f rr'nr ane develL-|ped by A1e:,r Mrrl:,:,rd, ar€: (:) - n., evrden,:€.

'lf an intra-atrnual rj.ng ,lr band is visiblei 1- subtle I at er.r,ra,l

devel,]prirent evident within the' early pc,rti.':,n is discernable; ! -an €rdtra

I at er,,r':,:d barrd is present but tlearly falsel E - distinrt false ring is
wel1 devel,:pe'd, in sLlnre t:ases to the extellt that it E ar] be distinguished
f r,rrr'r trlre antrual rirrqs ,:nIy with di f f idulty.

Itr additic'n, f,lur types *f anErral'trus pla,:€'rtleftts ,:,f the iritra-annLraI

bsflding al*trg the radial widttr ,:,f the ring were n,rt*d '.rltenever tl.ley

a,:t: urred: 1it "g"rt"" placerrient was desi.qnated r.,rlrer e false barrd

develr,prr'rent ':,,:':urred in inner 5(:, per,:erlt ,:,f the t,rtaI ring widttr (.ttre

rn'ldal ptrsiti.'r'l is betweelr ca. 55 and 7s percent r-, f the tDtal widttr:); r.-)

"Late" p1a,:erirent was rnarl:jed r,rtrer e a distinrt j.r'ltra-annual barrd is in tlre
+nter !o perrent c'f tl''e rinq, and 3) "Ev:tra Late wf,,r'd" Lras ntrt€d i r.l

case5 r.Jllere the prirrrary, Iate-seas,:'n laterrond inrludes a perreptibl.e

i.rreqularity ta tlrin band r-r f wider ceIIs wittr thinner walls, but t c,c,

r.real:: t,-' rr'nstitr-rte a f alse band) I and 4l "Double False Ftings,, where a
plurality ,:f intra-anrrual bands are oresetrt.

RESUL TS

Eg!.=c=ti ng_ I ndi.s.e=

Eased ,:' the re,:,=rded di.stirrrtive'ess, a trreat.l-val ue inder, was

raltulated f ,=r ea,:h stand arrd f ,rr the ,:,:,rrbi rled asser'iblaqe. This irr,Jex,

with values ranginq fr,:r (:) tc, +3r is ttre sirtlple ari ,rrrietir r,ean .rf thil
,:,-rd*ci values f,:'r eII ,:ares in ea,:h year. Irrde:: values were tairul.eted
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fu'rr the peri,!1d 19(:)(:) t!t 1989, nith sarrrple depths ranging frcm 7 Eares at

the e.arly end c,f the s,:a1e, tr, tlre fLll l :ra-' specirrrens. Figure 3 shor,,/s t6e

utlnrcrd i f ied i.nde:.; f,:'p g1r* c,trrribi|led sarnple alrd FigLtre 4 ttte indiEes fnr

ths twc, Etands. F.:arl values are presented in Table 1. F,3r onJ.y t,rre year

(: 1't35i were di.stinrtive falge ri.r'tgs (:rnde 3;) re,:,:,rd€.d f r;,1. gygry ,;,;r1.g,

a|ld ifr L-|nl y t ',,,,:' years, 1971 and 137.1r bc,ttr years witFr .l.laracteriEtirally

vsry tlarr.:'w r i tr g -!.f i d t lt s , were n':' false rinqs ':,bse,rv*d irr tlt* analy:ed

sarriple. frr nst only the f,':'rribined sarriple, bnt each af tlre stands, ttre

,:'verall trrean rirrg irrde:,t is 1.8, ,:r slightly ab,fve the Eefttral pnsitinlr

t.i.ndic-:ting presen,:e in rrl,:r e ttran half af the years).

I n t er -t r ge_alld_ I nt er -st an d_r::,:,gpar i s,:,ng

Fiqurre 4 sh,:'wg tliat ttrere is generai agreerier.tt irr false ring
patterr'li.r'lg bstw€en tlre tw,: stands, t hor-rgl-r tl.lere are are nntable

di f f eren,:es in rirarry years. A pararrietri,: ,:,:,rrelati,:,rl r,:1ef f i':ient betue€.n

th€ t'ra serieg 1g r = t1.48, br-rt it shtr,Lrld be n*ted tht the ind+:.1 vallre-,

,:f b.]th setg have markedly n'f,r'l-n,:,r rr'ra I distirbuti.,rns and are n,lt

appr.,prj.ate f':,r pararrietri,: E':'rreIati,:,n arralysis,

T'1 A':hi*Ve a ttr,:|re appr,:priate measure ':' f ':Brresp,:rnrlen,:e betweefl

c,lreE a|ld b':th betweer'r 
"r'rd "n,or]g 

tlre tw,: staltd sarrrples, p€,rEentaqe

agreernent rrleasLr'.e ':f false rine p r esenc e/abser.lf e !,/as applied. The d:ta
set waE redlr':ed eliqhtly ir.t .:i:* f r,r tt)is analysis t,: al 1r,w f*r rrr,:r *

rDmprehensive r':rrrpari s'lrr. Tn ':,:'ntr'trI f ,rr variable E'rre le|lgtll and tt:,

av'trid srral I sarriple sir€s at tlre early end c,f tlre series, an E,pt i niLrfr'l

c 'f ritr'r'ln p€-rr.:.d was defined frL-.irn M:1 t,r L988 f ':r ,.,lri,:tt Dbservati,:,ftq uere

available f .'r all years in 77 af tlre :i ,:sres tTable f :). FE,r ttli --j

ailalysis, the f'1g11.-p,3int f alse-rirrg distin':tiv*ness scal.* was redLr,:ed t,:,



a bilrary, pres€n.€/abser1.:e tr'ld€ (A in,:ludes ,:,:,d*s O arld 1; F includes f
and 3). A rrratrir: c,f prerent Eirrilarity Lras generated using a

dissimilarity m€asure (Nanllattarl lletri.,: Distancel bet,,,,een ea':lt pair nf
(:'lreS.

These t,=re-ta-{c,re E-'rnFarisnfls al 1,:w i.rrsiglrt intr, the ,:nntributi,:rr

':i di f feretrt varian,:e .:':'rnp,:,nents in the false rillg patterr.linq. As

el:Pectedr siririlari.ties ar€ llighest betwer*n nrLrltiFle rtr,r€E f r,:,rr.r sirrgle

treeE. H':,wevsr, tlre sinrilarity is nat as trigh !.ras ar.lt j.,:ipat€d Fri,tr t,r

the e.':afiiirratian, l"l*an perrent similarity beturesn gartie-tree ci,rre= is EI

p€r':ent t:see b,:,t t,:'rri, Table l), indicatirrqt that nearly :(:, per,:ent ,:,f ttre

tirr're, a false ritrq ,:'t1 nn€ side nf a b,:,1e will n,rt be apparerrt nn the

,trpp'rsite sid.e. Values ranqed fr,rrn 75 t,:9i perr*nt, r"rith tfts 1,1!"rest

itltra-t)'€€ sir'1ilsrit)/ ':',:':urring irr th€. siirgle ri'at':lled tlhi hLral.'Lra pir.le

sarriple (:RFL 6). One ,:f t l.r r: c,:res f rr'rri ttris tree had ,:f'nsistently lnwer

5in'ilarity ',Jith al. I c,tfrer cores in tlls cRrrlbined sarriple, slrggesting that
tl:lrihuahu.r pitr* nray mani f e:t f alse ring devel,trprrrent s'inreuhat di f f er*ntly

f rarrr Aparhe pine-

t ji,tlt\ rr- st an d sinrilari by rs s1 ightty gr*ater tlran betweerl stancJ

sir'ii1a.ity, witlr b,:ttr the' stands having canrparable average values (Tab1e

il. Mean intra-stand si.rrri Iarity i.s 7O perrent f ,:r ttte F.:fL sarr.rple, and 71

per,:ent f':,r LF:l:: ':nre€. Meari inter-:tand siriilairty is 6i per,:ent. Fieur*

5 graphi,:a1l y represents tlre rr'rean percerlt si rrj. l ar i ty c,f eaclr r,=r,e wi tFr

the otlrer rnres irr tfre t r,,rc, stalld grr,Lrps. I find ttte degree *f inte.r--

Etahd sinij. larity n,:,tiF,,,/,3rthy; 1t is not gr€atly less ttrah tlre. rrrearr irltra-

staitd values, t1,:'r th,rse ,:,f paired ,:L.1res f r ':'rr single trees. ThiE ELrqqests

that there is a sigrral , rri,:,st lil:ely .l j.nlatic, af fe,:ting false-rirrg

deveI,;pn'rent thr'ruglr,=ut the area. There is an appre,:iable ,'nnise,,



conrpc''r€nt inrIuding physioI'rgiral and,-rther fa,:t,:,rs,

vari alrEe is substantial witlrin ea,:ll tree. *+d rather

trees and gt ands.

I

but this unshared

than si rrrp I y between

Ang f * gnrl

The unstandardired false r j.r'lg index curve sh,rwrr in Figtures 3 and 4

str':'w a general derl irr* in values in re,:ent deEades. The rrra.lnr f art,:r
.:'srltbLrti|lg tc, tlris trerrd in undoubtedty the ef fe,:t af an age trend arrd

the rcrurrence in tlre sarrrple ,-1f rr.ia]t y trees ':,f nearly the same aqe. JLrst

as tlrere' is a qr':'wth trerrd j.n redu;ed rirrg widths, the frequen,:y Erf

false rirrgs de':1ines as trs*s :tqe and ri!tgs be,:,trrr'r€ m,:'re r.tarF,fw. Figr_rre 6

sh':,ws false ri.uq itlderi ,:r11,:ulated by years f r c'rrr the inner rr'r*st rinq r.an

indi':-tt1':,r1 , i f n,:t alwayE pre':ise, sf nrininrum ageir rather than by

ealerrdar year. Tlris aLrrve, and the 11-year weigfrted running niear.l Eh,:,!.,r-r

with it, sh':'w a |lrnarl.:*d dr,rp r,f f in average false ring frequen,:y betwe*n

,:a. 35 and €5 years. The curve als., sh,:,ws a shnrt p,:,Eitive tr€.nd in tt-,*

first ft-t yearsr tiuEh as irr ring-widtll series. Vari.arrre increages irr tlte
lat€r y€ars, but this nray be largely an arti fart c,f srrialler sarriple

E! e lde rd !:-ed-re !=e:rt-n s - !l d e!'

Alth,=ugh a. nlrnrber af trial ef fr,rts tr, arraly:e the agsc,ciati.:,r.t ,rf

the unrrr,rdi frid fal:e ritrg indi,:es witfr varir,LrE ,:I imati'_ data, t[re

unstandardi:ed series was f,:llrrd war]tirlq f':'r Eeveral reasons. of pri.rrrary

irrrp,lrtanre are the ef f e,:ts !rf th€ ,:,bserved aqe-related trend, Rel iable
paratrtetrir El--,rrelation with ring-'ridth or cl irriati,: s€ries j.s larqely



Pre':luded by ttre Pr*5en!:e ':' f the age trerld aftd tlre questi'trnable

n'lrmal ity ,:f the indev; data.

As des.:ribed be1':,w, the prinrary rrreang r,f exarnining associatir,n with

€limati,: variables Lrs*d lrere is t,l ,:':,rrrpare snbsanrples ,:,f hiqh-ir')dE..a aftd

lc'w-index years, a rrrod i f iiatir,rr af de,:i l* ,:arriFarisnn teEhfliqLre. H,:,wever,

as i.s apparer'rt f r ':'ni the plc,t ,.1f Lrltstandardi:ed indi,te5r 1,:,w -ir']d*:i yeers

are c,:nrentrated in tlre latter Fart ':' f ttre Etu{j.e= periDd, wl-ri1* friqtr

indi,:e= sre nrast prevalent ii1 the early part, Ini.tiat nurner.i,:al t*=ts,:f

':c'rriparig':rr ':f f.rlse ring ir']di,:€s and ,:l irrratic data pradured variatile and

':' f t e.rr r,:rrtradi,:t':ry results.

T,:, .':,rrsct f ,fr th€ ef feats ,:,f tlle observed er,-1wtlr trend, atter'ipt-J

were riade t':' pr'-'v! jg a gtarrdardi:ed irrde:: f':,r use irt r*lrrparis,:,n vith

':11r'iati,: data. Figurre 7 sh':w= a farrly f 1e:,libIe ':Lrrvc genr,.aied lrsirrc a

!1-year w*ighted rrr,:'vi llg average filter and Fiqr-tre B gives a standardi:ed

irrde:i seri.es qiverl by th€ di f ferences between tlte rar./ inde)i values arrd

the fitted furve. This standardi=ed series is giverr by subtra,:ting the

fitted ':Lrrve values, rather tharr divi.di.rrg by ther'r, the terhniqu* Lr=-ed

mr're r,:1rrlri,:tn I y itr st:trdardi:ing ring-wi.dth series. Dividing inde:.; values

t ':, qenerate starldardi=ed valures kras f ,lund (in ttris and othEr trial--.t t,r

gi.v* distin,:t1y nnn-stati,:'r'lary varianre strurture witlr nrany ,rf the

hi glrest a|ld lEwest value-- in the nrr:,st re':ent decades, Tlre sr-rbtrarr,i,:,ir

tef,htlique, irnparts a verti':a11y asynrrrretri,:a1 strurtLrre to tlre varian':e

(positive p€'a[,:s h.1ve 1':'rr€r antp] i.tude t[larr negative .snes), but tlris is

n,lt deened a drauba,:l: for t[rr, s,:rting te,:hniqueE errip 1,:yed ]rere. Si.rr,:e

the r'bjeEtive is t,:' isolate peal':s thr,lLiglrurut tlre J.ength of the series,

stabi l ity thr,rugh tiflt€ is r:':rftsidered nr*re inrp':,rtarrt tfran tfr* rrc,r rir.r i ity

nf tlre data spread arc,und tfte I iite ,:,f ,:entral terrdency.
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Air,:,t[]er attribute ,rf t tr,-. urlstandardi:ed false-ring index geri.es ,;ag

tlre tenderr':y f 'rr 1,:,w-irrde:l year= tr, be years witlr very narr':,w rinqt

widths. A,:':r'rdingly, initial attenrpts tn ,:,:rrelate Iow-inde:< years witt.r

cl irtrati.E data shc'wed the sarrie rtrararteristirs that give narrEu/ rings,

prir|]arily sr-rbn,:rrriaI ';,;,';' ] -s*as,:,r] p r e': i p i at i ,:'n . In rriany ':a5es, tlte abseft,:E

.rf false ring= itr narr':'tJ rirlgs uas ,lpe of visibility in very rlEirrnw

ri|rgs; ':,:res with wider arrd better preEerved ring stru,:tr-rre ,:,f t*n had

false rinqs, br-rt in rr':!r e str€.sged tre*=, tt.le etrtir,: rir.lq iE rr.rinlrial ,tr

rriissing. In ,;,lhg't tJ':,rd5, the 1,=w inde:,: vaILtr-.s in sr,rrte ,:f th* narra.w

riugs is itr psrt nf funEti,:'Ii ,:'f usinql n''arry highly stres--ed 1i]'*' elevati,:,rr

trees, Atterript= were trad* t,:, Use reEiduAls f r ':,rr'r rtigresEi,:,n wi tir tlie

Otri,:,n Saddle, alt'tre atrd itr ':nn.jLrr')ttinrl wittr standardirati,:,rr f r,:,rrr fitttd

':urvc9. Di.zisi,:n ,:'f irrde:,; value= ex,:i,:srbated tlre tender-r,:)l f,:,r 'r-irres .t,:

llav€ I,:,w false rinq indires, r,J[.]€t f.r ar ':,r n*t re.gressi*r-r resid{_ra1 ,.jer e

used. Tlre sj.r'lp1e subtracti':,n rriettr,:d used lrere gave rrlaFe satigf a,:t,rry

stabiliratian af rtrillirial value=-

Ea!5g_r !n g_ g!!gtf gn,: e_gr]d_FeLUSE_!r*-USlt!_ 5Sv€t-L!y_lUdE!

A number af attelipts were rrrade t ':, rr.ral,:e asseEsrrents rf the

,:,:,rrelati':'it betwcen fal=e ring Fresi.n,:e irr tlre atrrrLr.rl =eries, <=

indicated by the j.ltdi,:es, arld ,:l irrrsti,: variables, in,:Iudin,J rrl,:,r1tlriy

Pr e€ i P i t at i ':,r'l values f r .trrr'r lr'ng-terrri rrrete':rr,lc,qiral statians ifl tlre area,

a'ld rrr,f,ntlrLy r-'aI r'ier Drc,uctht Severity Irrdires f,:'r the sl-'lut ll east er r-, Ari:,:,ns

clinrati.r divi si'-1n (:,ln ,: 'ttr'rput er file at the Labr,rat,:'ry fr_rr tree-rrrrq
Fresear':h:). Given ttre ':rrdilral rrature ':f the false rinq nbservatinns,

pararrtetri,: statistiL-al te,:trniques lrave b**rr tar,lely av,:rided in def ert_.r.iE€.



11

t,] n,f,ir-pararfletri': rnetll.:'dE. As |rc,t €.d ab':'ve, a prirr]ary terhn!.que ad,:,pted

lrsre is tc, ranrpare a set trf higtt-irrder: years (:that th,:se wfrere falge
rings are tlrsra,:teristi,:ally preser.)t:) '"/ith a set ,tf Iorl-index Vears.

Internrediate years tend t,: be tlrr,se wittr arlbigu,:us false-rir.rqr

representatic'rr -- rrjafiy ,:':'reg shEt,,, tl.)en trhile nany d,: n,:,t.

Fj gLtre I strc,ws ttr€r a€ts,raiatian betweell ttle twn sert-. rlhigh- snd l,:,w-

i nde:,: yriars) and rnonttrl y PDSI val ues averaqed f ,lr ea,:lr s*t. Ttle sets
inclnde the 1-+ hiqrr&Et and rc,west varues in ttr* Etandardi:Fd geries
slt,lwtt ':. Fieur* 8. F,:,11r !,;.s.11 is ar.l adrrti ttedly ,:idd nLrmber, but wa=

sel€,,:ted f,:,r three reas.:,ns; 1.) tr, give a large sar,iple than fram ttre
hrehe€t a.d I':,rrest deriles, !i because ttris r.luriber is r1{,s*st t,:,

distitrguishinq tlre high arld l,:w peal:s f r,irir tlre interrriedj.ate frequtericies,
and 3l berause it appra:<irrrates trre prrti,rn ,:,f ttre irrdey; values tha.L Iie
rrit'r€' thatl t'n€' stalidarcl deviat j.nn f r,:,rr'' tfle rrear.l (:ttl€y dn n,ft drre,:tIy
rnrresp':'|r]d ts l-sa,:,res qreat*r ttran orre beraus* nf ttre aserrrmetry r,f ttr*
indeli valu€. di stributi.,trrr rr,lted ab,rve.

Figur* ? sli'lt^rs a rr.rarl:ed di f ferenr:e b*tweerr ttre set ,lf years (rhere

false ri.gs are c lr ar a,: t er i st i c a I I y absent f r,:,rf, tttr,se {r[.lere they are
pr*sent' Speci f i':411y, spring and early Eurrimer mnisture c,tnditions tend
t ':, be subnc,rrrial irr years laL:l::j.ng fals* ring devel,rFnter.rt , and ab,3\.e

n':rrrral i' y€ars traving higtr false-ring i'dev: var.ues. The discreparrcy rrr

great€st in Mar':hr April, r"ray r and Julle. statistirar signi f r,:an,:€ i,f
these di f fere'r,:*g was rr'rade by apFtryi!1q tlre 

'la'.-[.J]r 
i tfrey test, Earnparlrlg

ea.ll sarrPle tn ttre errt j.re B'J year series. This sl.l,:,ws that the di. f f ererrre
,:f the rtllrail valuee f':,r tlte subset in r,:rrrpar i E,f,fl r.,,i ttr the entrre
pr'plt1ati,:rr is signi f icant at ttre .OE level irr three i:aEes, the IL_,!r_iitde;.:

5et f!:'r I'lar,:h, April, ar.ld l"tay r.Figure 
'1. 

In ,f,ther !,,,:rds, years rr.r ,,rlti Il.t



1r

fa).se rings are nrcst ,:'f ten abserrt are thase witlr mareked spring

droughts. Usit.tg the Manrr-[.Jhitney test t': c,:'rrrpare t]re two saa'1p1€s with

each sther, rather than t,: ttre errti re data Eet may slr,:w mare

statisiti,:al1y signi f icarrt di f fererr,:ee.

FaI se.-r i no Fl a,:enrent

Anntller attribute ey;arrrirred is the rl inrati,: f hararteristiaE nf the a

set ,:'f years EltEra,ing ':hara|: teristi':aly early pl.arerr'rent nf a fals* rir'g

aln|lg the radial az;is versus a s€t ,:,f years wfrer ttre falEe rLrrq is

typi,:a] Iy rlear tlre end of the latew,:,r,d, Figure 1(:) sltnwE the patt*rn ,:,f

di f f erenres itr rriearr rrr*rrthty FDSI fr,r tttese t r.Jt, Eet5 (:sign j. f j.,:anr*

t*sting lra= n,rt b*r.n apllied.'. This patternirrg suggests tfr.at early false-

ring Platsrnerlt is assntiated sprJ.ng and early surftrr'ter drc'ugtrtr carrdlti:,n--

uilrich presurirably inhibit rapid earlyw,:,rC devel,trpftiftet. In ritrtrast, year-:

with late false'-ring plar€rnent are sttara,:teri:ed by ab,:,ve n,-rr rrra 1

I$r,isture ':arrditrlrs 11'lt ':'nIy irr tlre sprirrg bLrt int,t tlre sunrrrrer.

Figur€ 11 eh.ws tfre gatrte det.1 s,i.t di sr r i nri. rrat i. c,n applied tr, rttnrrtltly

pre,:ipitati':'rr data (standardi:ed t,: restru,:ture thB vari.ari,:e) f,:,r E,:,r,ri €..

Tlri s aqa.in slr'rws early pl ar*merrt assc'.:iated wittr lr,w nr':,istLlre valueg
(:sub!r,lr aI ,"/inter F r e': i p i t at i ,rr'r :) , afld late plaierrrent with hiqfrer t!r,er.r

n or rrra I wirrt,*r-sprirrq preEipitati,:'rr.

SUI.,IHAFIY
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This e:,:er,:ise fras painted ,trut a number ,:f clrara,:teristi,:E of ttte

':'r':urrerlce r,f intra-arrrrual rings arrd tlreir .!:,rresp,:,ndence witfr ,:1iniati,:

conditions, Ferrent sinilarity fiesures betwe*rr sets ,:f r r-,r s,s fr,:,rri

RhyBlite tlanyc,n ghr,ws that ttre pattern nf prr.sen,:c. ,:,r abeenie ,:,f false

rirlqE i: sllaied betweerr €eparate staitds, afld is rr,rt greatly 1,!1wer t lttsr.l

tlre sir,rilarity shared bet,teen paired ,:.,res f r.:,ni Eir')gIe tr€es (:rr.rear]

valur*s ar* 6! alld BA per,:ent respertivelyl.

Ther* is a|i r'bservable aqe-related trend slrc,wing a derli.ne, irr tlrs.

abundarr,:e ,:f falg* ring ,:g':111-t en':es witfr incresirrg ags. tfre*te=t d*':I irrrt
j.n tlre F;l-ry,rl ite [:atryr,tr sarriple ']':iLrrs betwe*n appr*r:irriat*1y 35 arrd 65

years f r,:,rri the i rr rr er rrl,:st rinq.

Frel. iririnary te^sts af as--E':iatinrl between sets ,:f hiql-r- artd l,:,w-

inde:,; irears and ':1ir'iati,: data indi,:ates tltat years c[rararteristi,:s] Iy

Ia,:Lirrq false r j.rtes lrave subn,:rrrral. =pring and early surrrrar*r ri,:,j.=tur*

':nflditi'3r'ls. f4ean FDSI vaLueg w*re f r'und t,:' be signi f i':antly bel,r,ri ft,:rt rl|rql

f':,r Mar':h, Apri. I, and I'lay in ttre Eet ,:,f years nic,st ,rf ter') Ia,:1,:irrg f alse

riilqs, Fal5e ring presiinae iE ffnr+ I j. ljely itr years with ab,3ve n,:-rrrrisl

eaxrlT seas.:'r] n'a'i.5ture r'rndit*ns. Tlre=e findiugs rrtey appear t* be in

r:r:,tr f 1i,:t ,;ith th* irrf,:!rniat j. nrl presented by Fritts (1976,, f*r p,-,nCer,:,,sa

pi n* i tr tfr* tl.rtal i ne1 M'-:1unt ai rre. Fr i tts pre=errted evi. dence that the f al se

rinq= f ':,r-rrie,3 during t[re ,:,:nrrr'i,:,ri Juure dr':'u-qlrt r"Jl]en terirperaturres r,+e.r e

rising atrd rri,:'i =tLtre atr''':'urrt = wer* Ic,w. Tlre pres*nt str-rdy, f*,-us=ine ,:,f a

di f f erent set ,trf dat"1 at -r di. f f erent ).evel , sr-rgEtesls ttrat year-t,:,-y€.lr

variabilit;, itt f a1s*-ri.ng freqLlen':y fras di f ierent ,:l inratir deterrrLirrarrt:;1

f al s.: ri.trg presen':a is fav':red by ab ':,ve-u ':r lrr.r I rrr,:'isture c,:nditi,:,r't5,

ratf-rer than sLtb-n,:'rrrial . These tu,: ar!. n':'t as r,:'rrtradi,:nry as it tri.1v

aPpear at first glatr':e Fritts uag 1,:,nlting at ,:'itrdit':'rrs wittiin -r giveir



year ttlat ,:':'rresp':,Hded to the f ':,r niat,:,r'l ':f a false rirrg and f':,Luld JLrne

aridity t':' be tlre apparent cause. Tlre i rr f ,:,r rrrat i,=n presented he.r* addg

llre observati nn that the years irr wlrirlr this is rrr':,st likely t,: ,:,,:,:Ltr are

ones in wtricfi lriglrer tha|r nnrrrral springtirtle rr'rc'i stLrre ,:L-,nditi,lns lla.,,€.

resulted irr subst,ential early ua,:,d deveI,:Drnerlt. Tlre results trere d,:,

€Lrgqest ttrat ttre presLtrnpti.,r'l .,f an assnEiat j.on *f fal=e ring presence

with dr,:ugtht conditi,:,r'ls ill the spring arld early suffrrrrer is ,:verIy

si rrrp I i st i ': and i na':rurate.

Tlie final attribL(te *:,;aririnedr tlre pla,:errrrrt ,:, i false rings ,.Jitir .1r1

attttual ring, suqgests thst early placerrient is ass':,':iated witlr si-rbrr,:rrrial

early seas,:'n rnnisture ': f'r't d i t i ,:,n s. Years wit[r ,:hara.:ttrriEtiE] 1y I.:|t€

pIa':errierrt tend t,:, lrave ab,:ve n'trrrigl spring arrd earl.y sLttrner rrir,istur+.
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Iabii 1, Rhy,ri:lt l:iry0l iai;! [ing 0bs*rvair,:ri:,
{]uoed v;iues rarge jr0r i (faise rlng absinti t0 i (drstin;: false ring).
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