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A Comparison of Structural properties and Compositional Trends
in Conifer Forests of Yosemite and Glacier National parks, USA

Abslract

Structural  .properrre,  rcen. i r r . -srand b"sal  area.  and mean diametcr
, r r  yo(cmrre l \arrondl  ydrk,  (  r t r tornj r .  rnd Clacier  Nlr ional  p i r Montana, as well as amongi "'i?i,i::': jj"?,,x?i,'ii: i;"TT:li.'ii":?n::'* 5J,ITI iffiTforcst types wirh;n regions. Foresr typcs-within ciaci€f;:'fi:I'::;tf l"'':";:,:',::[:l lltriJ':i;tfli:t.,'.irir:ilfl::\ly j;'r:"1;;T,ul;:,ii:::;
l:p.J 

""T_:!1,":_,:1,1"r hv pionounced cornpositional dirreren... il;;"; i."iii"i r_e. .;"'.i,*.;.
(acL)  to res t  typ !  ha t  a  5 rmr la r  comDos i r ion  in  l x *h  r fa  (m,  a . , t  1 " . . -  " i , -  " t " " " - "In Yosemirc,  .acLr forest  iypc har a , ,  m p o , i ' i ^ n  r n  h . r l  r h c  s . n d l t  a 1 . .  t d . g <  s r 7 ,  ( t a \ \ e \ .

Th-es. geographic dLffercncei h foresr :rructure aod compositional ;;i;;;';;iffi;:',.";;r;;.1];:
ljre parrcrn_s in _each region. In yosemite, the::::^-pl,:::L: -,".,.,"j1 

resron. ln,yo'em,te, the strensth and consistcnty of sumnrcr (lrousnr strcssBvof a (urrrc€ rrre rEtrme rn a toresr rypes sampled, promotiog uniformity of structure and com
ry-'l:iiili jlliTl:: amons yoecm,re rorcsts. rn ctacier, sire microclimates mitisatc or exacerbate
::: ,_:, : : , .1^{, . l l1-"r. .  

rerutr ire in a broadLr spertrum of ai, , ,- ,u"*. i . i ,n]. i ,rn, ng foresr r1pes.ranerng lrom rrequen( 5urrd(e trre\ on dry,.D(n f ldrs. ( lrr .ugh rrosn i i res "n lnre,rnJiarc . .rr,ngs,
l"- l i l l : :y.1, 

r i ,e,,  n me(ic. shetrered .to[-. .  Thc dircrsiry 6r l i . i " ,Ur,." ' ."" i#.\  promor(s ner(ro.
sen.r\ or \rrucrure dod compl,\  pdrrern< ut c^mtl i .rrrunat dlnamics amone ClaLi ir  ioresrs

Introduction

Foresr srructure can be characterized in several *,ays, each with a different type of clata.
One approach is ro examine rhe morphology of the species of which the community
is composed (Knight and Loucks 1969). A secood in.r,olves aoalyzing grnss srrucrurai
features of the entire community, such as density, stancl basal area, aod mean diameter,
and comparing rhese feaores among sampiing units (Goff and Zedler 196g). A third
approach uses size age class data to iofer populat ion trends (Whipple and Dix 1979).
The writer has used the species-morphoJogy approach previously to examine the srruc_
tural dissimilari t ies of conifer forest of yosemire National park, Cali foroia. io the
central Sierra Nevada, and of Glacier National park, Montana, in rhe northern Rocky
Mountains (Parker 1982). He found that the variabiJity of morphological features
within Yosemite forests corresponds to an enviroomental gradieot dominated by eleva,
tion- In Glacier, on rhe other hand, ternpotai differences amoog stands related to dis_
tinct ive f ire regirnes obscute the direer expression ot envirnnmeoral inf luence on forest
morphology. In this paper, forest scructures in the rn.o areas are compared in terms of
density, basal areaj and mean diamerer ;rrrong qtand'.  ;rs well  as hy composit ional trends
across size classes.

- 
Three forest types are recognized in each region based on parteros of canopy

clominance among individual stands (Table 1, cf.  parker 19g2). in yosemke. pin,u
pondero:a,t Calo cednr decttrens (ponderosa pine incense-cedat) forests crccur on xenc,
loq'er elevation (1200-1900 m) sjtes.,.4biet co color Cdlocedr/. / t  tJecarrens (white f ir . ,
incense-cedar) forests occupy mesic, lorver elevation sites; and Abies tngnilica 

, 
Abie.t

concolot (rcd f ir  /rvhite f ir)  forests, s. irh local ly imporranr pinu.r jel l teyi (Jeffrey pine)

Northwest Science, Vol. 58. No. 2, 1984 131



TIBLE 1. Tree species composition bv lorest lvpe

IOSDl I ITE
PnruE pondetosa/Cahc€drus  a lecnr ' re rs  :

Pinus Donderoir l,:!ws.
C a l o c c d r u b , l r . u r r c n F , T . . r . ,  F l n r ' n

Pinus larnDerliana Dougl

Qur r rus  ke l logg l i  Ne$b.
Llles coixiolor (Gord. and Glend ) Lindl

- lD ies  conco lor /Ca locedrus  dceur r€n8 :

,lbie6 concolor
Ca lo(edrus  d€euI Iens
Pnms lalnberlmna
Pinus ponal€l.osa

Querc s kclloggti
Ahies masnilica A- Iurr.
cornus utttrllit Aual.

ADles raqnillca/,\bies (oncolol:

-\liics ntasnillcr
lrries concokn'
Pinus corturls ssp. murrrJan:r (Itnselm. ex Wats.) Critchlield

Pirus lelheJi Grev. {nd Ball-
f inni monlicoh Dousl.
Pinus lantbtrllan}

G I , A C I E R
Pi t rub  I rondr roFr  PFcudo l . t rca  mpnz leb i i

P inuE Dond€roBa
Pseudolsusa mcnzieili (rlirb-) Franco
Pinus .ontorir ssD. hiiiolln (Balf ) Critchiield

Ltrrix o(cid€ntalis .\uli.
Pice:r €nFehannii/8la ea complex (see Habeck and Weaver 1969, Daubenmire 19i4)

Pinu! cont(trla/Llrr|\ ocrirl€ntalli :
Plrus conntrtB ssp. I|tiiolla
Lar i \  oc r lden la l iE
Psendo isusa menz i tE j i
Plcea tnFelrnanidi/ghr(t
Botula pawrller.l trrsh.
Potulus lremuktidei llichx,

I'huja tliclla/1'susti ietcroph.r-'lla:
Thub Dlicata Donn
r 'susr  h r lc roPh l l la  (R:11 . )  Sars .
l , ! r i x  occ la lcn la l i s
P inus  mon l i (o la
P icer  enFt l |nann i i / s lau . r
PoI  hs  l r i cno(arP*  Tor t .  and Gra I
]rclrl. Datrlrilrftr

Sre . ies  a r f  l i s ie r l  in  o rdcr  ( ) l  imDor i .nce  b !  fo res i  i r ' ! c

and, Pinas contofia ssp. ,t/rtr,tj)a1u ( lodgepole pine) populations, are found at higher

ele\,ations ( 1900-2400 m) (cf. Rundel et al. 1977 ).In Glacier, uPland forest ryPes
are arranlled along a locally-controllecl moisture'fire frequency gradieot. s'ith Pit?lJ

ponrlerc ra,, Pr eadottuga menzietii (ponderosa pioe 'Douglas-fir ) forests on somewhat

xeric sites, Plrzzr contorta ssP. Iatilolid 'Latix occidetutdl;i (lodgepole pine/western larch)

loresrs on iotermediate settings, aod Thuia plicatalTsuga hetetophylla (wesrern red-

ce(la! westero hemlock ) forests on mesic sites (cf. Pfistet et t i. 1c)77, Kessell 1976)
(See Tablc 1 for taxonomic authorlt les.)

Strong seasonality of precipitation oo the wesrern flank of the Sietra Nevada coo-

trasts rvith the weak seasonality of precipitation west of the Continenral Divide in

Glacier (Fig. 1). (lreater thao one-half of the aooual PreciPitation in Yosemite falls

r72 Parker
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from January through March, when upper level westerly flow induces frequent lmssage

of cyclonic storms. Summers are characterized by chronic drought, becar:se of the P€f-

sistent aochoring of the North Pacific subttopical high pressure cell off rhe coast of

California. Conversely, the yeat-rouncl Penetratioo of cyclonic systems inland ftom the

North Pacific provides Glacier with a more uniform preciPitation tegime The July/

Augusr precipitation minimum reflects occasional dry years when the subtropical aoti-

cyclone is either atypically stroog or dispiaced polev'ard.

Chronic summer droughr in Yosemite favors a surface fire regime throughout mon-

rane and lower subalpine forests; rhe tecurrence interval of these sulface fires in pre-

semlemeot times apparently leogthened svith incteasing elevatioo ln sPire of interruP-

tion by fire suppression, the prevalence of surface fires appears to have promoted

structural similarity among Yosemite forests tyPes. In Glacier, occasional summer

dtor.rght can be reinforced or mitigated by site microclimates' allorving a gleater variety

of characteristic disturbance regimes among forest types. On clrier, open sites (whether

induced by aspect, saody substrates, or grazing history) surface fires are common On

some\\'hat more mesic slopes and flars, staod-destroying crown fires are mole common'

On sheltered mesic sioPes (often exhibit ing a local-scale lake-inf l :ence) f ires are un-

common eveots. This diversity of f i re regimes manifests i tself  in structural dissimilarir ies

among Cilacier lorest types.

Melhods

In Yosemite. 30 stands * 'ere sampled rvithin the 1220 to 2440 m elevation range,

l,heteas in Glacier 18 stands between 910 and 1170 m elevation were sampled ln both

tcgions. attempts \!ere made to collect samples from a variety of slope aspects and

gtadieots. Criteria employed to select stands included gross enviroomencal and com-

positional homogeneitv as assessed by field inspection, uniformity of the canopy, dorn-

in"n." by conifers, and exclusion of riparian sites. Samples in each stand co[sisted of

ts,enty circular quadrats (5.64 m radius) located within a 60 x 75 m grid system bv

a stratified systematic unatigned sampling technique (Berry and Baker 1968) Viithin

each 1 / 100 ha quadrat, the species aod basal alea at breast height ( 1 4 m ) were recorded

for all trees with stems 10.2 cm ot greate! in basal diameter. These data were summalized

to yield structural properties, including tree clensity, totai basal area, and mean tree

di lrneter for each staod.

Resulls

Deuity-Bavl Atea Didnetet Relatittxshipt. The forests of Yosen]ite (Y) are Less dense

thao those of Glacier (G), yet they general ly sttpport a greatet standing biomass aod

xre composed of individuals of larger girth (Table 2) In lnth regioos, as exPected'

mean diameler an.1 tree deosity exhibit  a strong oegative corlelat ion (r.--0848'

p (0 .01 ;  11 , - -Q741 ,  p (0 .01 ) .  Th i s  i s  because  s ' i t h i n  c l osed  f o tes t s '  as  i nd i v i dua l

rrees sros', they progressively utilize or assimilate a Sreater Proportion of the available

nutt ieot, l ight, antl  water tesol lrces. Hence) biomass becomes concentrated in a ier,

large iodividuals (cf.  V/at ing and Frankl in 1979). ln addit ion' the correlat ion bet$'eeo

-ean diamete, ancl stand basal area is posit ive among both Yosemite and GLacier stands,

although the correlat ion coeff icient for Glacier is { 'eak (r.-0639, p'1 0.01; r,  :

0 . 1 1 1 ,  p  <  0 . 2 ) .
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The relationship among density, basal area, aod diameter withio each forest tyoe
clarifies comparisons berweeri regions based on collective data; averaqed uulu.s of ch.s.
properties are presented for rhe six foresc rypes (Table 2 ). A comparison of averaged
values for each forest type in Yosemire (usiog the Mann-.fffhitney U-test) indicated

TABLn 2. Siructural Droperties of Yosemite and ctacier toresrs.

I 'OSD-UtTI j :

P ln  s  to ldero i r /Ca loc€drus
( n = 8 )

lb ics  (onco lo r /Ca locer l r t rs
( n = ! )

-{blcs masniiicr/Abi{s concolor
( n  =  1 3 )

( ; r ,  \ c I l j I t :

P i r tus  con l tn t r /L r r l x
( n = s )

ThuJa, /T6 l l ca
( n = 6 )

P i ru r  loDderos{ , /Pseudotsuqr
L n = 4 )

114 !  290

; t 3  a  l l l l

425 t  7 '

? 6 6  i  1 7 1

656,1  !  91 l l

i 8 E 3  a  1 i l S 1

l i 0 8 : : t  1 1 1 2

3 ? 6 6 1 6 i r ]

.132 i  J  I  i iS i

: i  2.0 a 4.?

13 1r  : : r  I2. : l

*95t; conlidence limits based on Srudents t dislribuiion are shown.
"Am.'g Glacier Iorest ilpes, the mean ll r ihis type is signiiicanUy diiterent (li < 0_0;_ .1tabr_\\-hitne'

Ir rcsl) nonr ttre olher lxo iorest lypes, There are no signiticani atifierences ani.,ns berns oi stru.
lu r r l  D .oDer i ies  in  Yosern i te  lo res ts ,

that no significant differences in tree density, basal area, or mean diameter existed
among rypes. Heoce, gross srru(ural features of Yosemite forests in rhe monrane
zooe are similar, even among diverse forest types. In Glacier forests, statistically sig,
nificant differences in average values among foresr types were apparent (Table 2).
First, the density ol the Piwtt ponderota/Pseudot.t./rga type on somewhat xeric sites
was significaotly lower than forest types oo more mesic sites. The open glown character
of these stands appears ro have beeo maiotained by a presettlement surface fire regime
(Lunan and Habeck 1971). Second, basal area was significantly greater in mesrc Thaia.
Tnga lorests than in the other forest types. On the sheltered, north*,est facing slopes
of the l-ake McDonalci drainage, local climate aocl topographic features mitigate the
rlrought condicioos associated rvirh periods of lo* precipitation; fires are thus iofre-
quenr, and allorv a large accumulatioo of biomass (Kesseil 1976, Anderson 1968).
Third, mean diameter was significantly lower in Pinu cortart,l,l Larix forests than
in the other two forest types. These forests, oo dry 

'mesic 
sites, appear ro r€present

typical conditions at lower elevarions throughout much of the northwesrern sector of
Glacier. On rhese sires, stand-destroying cros'n fires occur episodically, resulting in
smaller tree size q'heo compared to the orher t*'o Glacier forest types.

Correlations among rtee density, basal area! and mean diamerer rvithin foresr rypes
underscore the parteros describecl above (Table l). Small sample sizes for each forest
type diminish rhe l ikelihood of strt istically significant correlations betq,eeo strucrural
properries *'irlrin forest types. In vier." of this observation, only rhe general pattern of

Compositional Treods in Conifer Forests I35



T A B L E 3 ' c o l l e l a l i o n v a l u e s a m o n g s t l u c l u r a l D r o p e i e s a n d l a ] u e s o i t h e i n d e x o f c o m p o s i l i o n a l
chuge bY torest tYPe.

Cor rF l r i ion  ,  lu "s

DENS/DIAII BAIDIA-II DENS,/I]A

IOSE] lTTE

Pinus  ponderoEa/Ca loc€drus
( n = s )

\h ics toncol0r ' /  Cr lo(edrus
( n = 9 )

-\bles maBnili(a/,\bies co cotor
( n  =  1 J )

( ]  LICI D I i

Th la/Tsuga
( n = 6 )

Pnus contor t r /Lrr ix
( n = s )

Pinus Do dr rosa/Pscui to lsrBa
( n = 1 )

,0.8,18 **

- 0 . t i 8 9 * *

-  0 . 8 ? 0 . *

- 0 . 6 8 6 * '

-  0 . ? 4 1 *  *

-  0 . 8 0 5

- 0 . 6 1 9

- 0 . ? 5 3

0 . 6 3 9  '  *

0 . 4 7 7

0 . ? 4 5 .

0.624*

0 . 3 3 1

0. ' t  29

0 . 1 E  1

0.0112

- 0 . 2 1 1

-  0 . 1 3 6

- 0. .1: l?

-  0 . 1 2 3

0 . 2 4  6

- 0 . 1 s 9

0 . 0 1 8

0 . 6  3 0

0.7 ,1 l i

0 .6  i l4

0 . ? n 6

0 .  i 6 4

Q . a 5 0

0 . 3 0 0

* p < 0.0; .

srructural corteiatioos in each forest type is emphasized here lo Yosemite forests, whete

oo sisnificant differences were found in inter-type structural comparisons of avelaged

s{and; properties, oo sttong differences in patterns of correlation among these stand

properties;re apPareot. Io Glacier forests, however, correlatioo of strucural Properties

."i,hir, {or.., types displays distinctive patterrc. Th*ja/Tng'4 forests show a cortelation

pattern similar to that of Yosemite forests (ie., a stro[g Positive cofrelatiofl beweeo

i"rnl ur"u und mean diameter couPled lr'ith a weak negative correlation betweeo density

and basal area). All of the Yosemite forest types aod Glacier's Thnia/T:*ga forest type

seem to display the iofluence of competitive thinning on forest strr'rcture, with standing

crop lriog maximized in forests with relatively few, but large ttees Glaclter's Pinut

l)o;,lero!a/Pteu.lorruga ar'd Pinat ca%tortailarix forest types exhibit correlation patteros

unlike Yosemite forests. Both show a lather strong positive corfelatioo between density

aod basal area, indicating lhar io these forest rypes, high density (presumably related to

initial stocking levels) accompanies large stafld basal area values (cf Goff aod Zedler

1 9 6 8 ) .
Cotnpatitional chatge uitbin fore!t tiPet ln order to assess the compositional

chaoge within forest types, I developed an index, patteroed after the Dynarnic Adaptation

Values of Peet and Loucks (1977), but altered to provide a single value for each forest

type (See Table l). To determine comPositional change index values, trees io €ach

st;od $'e!e stratified into 10 cm diameter class iotervals by species For all species in

each stancl with a relative density exceediog five perceot, the species' telative deosity

in the smallest tree diamelet class (RDs: 10-20 cm) and species relative deosity for

all latger diameter classes (RDr.i > 20 cm) \\ 'ele comPuted Stand index values are

based on the ratio of RDs to RDr.. RDs/RDr, vaiues of about 10 identify species that

are comparably tepresentecl io both small and larlie diameter classes; values lange to-

.uurd r"io for cleclining sPecies and rorvard positive infinity for invadiog species Thus'

1 1 6 Parker



variation of RDS/RDL values from 1.0 in either direction reflects species compositional
shifts across diameter classes in the smnd. Nexr, values of RD",/RDr, exceeding 1.0,
fepresenring species apparently increasing in importance, were converced to reciprocals.
Consequently, the ratio value will approach zero for any species showing marked dif-
ferences in representation betweeo small and large size classes, irrespective of the
species trend. Index values for enrire stands were then calculated by multiplying the
RDsr'RDr, value (or its reciprocal) for each species by that species' relative density
(thus weighing each species contributioo to the iodex by its commonness in rhe stand),
and summing the iesulranr values for all species. The final index values for a stand,
therefore, range from 1.0 in stands of constanr composition across size classes to a
hypothetical exrreme of 0.0 in scands where there are no shared species irr small and
large size classes. Compositional change index values reported for each forest type are
arithmetic means of iodex values flom each stand in the forest type.

Compositional change index values for Yosemite and Glacier forest types (Table
3) suggest rhar all Yosemite forest types plus Glaciet's ThtjaiTtuga forest type (with
index values exceeding 0.600 for each type) exhibir less compositiooal alreration than
eithet the Pinus ponderosaiPseaclotsuga or Pinus coarort a/ l,.1tix forest types in Glacier.

Discussion

Although Yosemite forests show compositional and morphological changes with eleva-
tion and topographic conditions (Parker 1!82), average values of tree density, basal
area, and mean diameler for each forest type are similar. Additionally, correlatioo patterns
among these same srrucunl properties are comparable among forest types, suggesring
thar slructural development is similar for all forests sampled. The structural similarity
among Yosemite forest types may be, in part, a colsequence of the swerity of summer
drought in the monlane zone in Yosemite, which induces prooounced soil moisture
deficit (Arkley 1981) aod thereby inrensifies comperit ive stress amoulj uees.

The role of fire history in forest strucure in rhe Sierras must also be considered.
Maoy *'orkers have found that the strucrure of Sierrao conifer forests (parriculaly the
"mixed" cooifer forests, which are homologous to Abies cancolor / Caloced,rxs totests
here) has been changed ftom preseclement conditions (Boonicksen and Srone 1981 )
by a declioe in fire frequency associated with a decline in burning by native Indiaos
(ca. 1875) and an aggressive fire suppression policy imposed by land management
agencies (ca. 1900) (Kilgore aod Taylor 1979). The iodex of compositional clrange
';ahrc for Abies concolor..'Caloced.ttr forests (0.6]4) is los'er thao for the other two
forest types, reflectiog dre influence of fire frequency alteration oo the composition
oi these mesic lower eievation forests. The vircual exciusioo of surface fires has
promoted an increase in stem densiry and an associated compositiooal shifr towarcl
increased dominance by the tolerant Abiet concolot (Fig. 21 (Vaokar and Major 1!78).
Nevertheless, rhe fire frequency reduction has existed for about 110 years, and manl
rrees that invaded these stands in the late nioeceenth ceotury are domioants or co
dominants of the forest canopy today. Thus, the cootrast beween srnall an<l larger di,
ameter ciasses reflected in the composirional change index, q'hich was likely more pro
nounced several decades ago, has been reclucecl. The influence of fire frequency alteration
on the composition of the other nvo Yosemite forest types has not been as pronounced,
judging from their higher compositional change iodex values. In xeric, lou,er elevation

Composiriooal Trends io Conifer Forests 117
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f jsure ' .  CrmDosire . izr  c la 's  o.agrams for  foresr tvpe.  in Yosemi(c tA '  Pinu!  P'adetuta/Ca, la '-  
. e d , ; , ,  t B 1  A t ' i e ,  c  " t ' " 1 ^ t / C a l o . e d t u  a n d  t C '  A b i c \ . n a q n 1 l 1 - d / A h E  t ^ 4 t a t ' /

io..i.J oi.'a.ta"s.a from most ({irsr) to least (lastl shade rolerant: VF '4}ler

ii,ii"i; tC ciL","dtas ,tecu,rens; p.r-,tt;,' nagnit'ica; Bo-Q ercas . leLla-ssii;

LP-Pinl: contorta ssp. mtndjdna; IP-Pin*s ielfret;; SP Pinu: lambertiand; PP-

Pinat Po,lderosa.

forests, although the importance of the tolerant CaLocedru decutrenr has ioctEased

wirh fire suppression (Fig.2), drought stress aPPeals to have allowed the intolerant

Pintt.t ponclerosa to remajn arr inPortalt element in all diarneter classes ln the Abiet

nagnifictt Abies concalor Iorest type at highet elevations, Presertlemeflt fires were

opfu,"ntly less commoo events (KilSore 1971) Hence, the advent of fire suppression

has not greatly influenced patterns of species importance amonS the coJominants of

r h i .  I n r e l r  r l p e  {  F i g .  2 ) .
Glacier forest types exhibit greater dissimilarities ir both strucural ProPelties and

compositional tlends than Yosemite forest types. Structufal complexity is evideot in

rhe significant differences io averaged values of density, basal area, and mean diameter

among forest types, as well as in differences in correlation pattern within types

In the sheltered Thaja'Twga forests of Glacier, fires are aPPareotly ulrcommon

evenrs. These staods have been free from fire for long Periods (ar least 150 years:

Kessell 1976); disturbance of the forest canopy during this time has been limited to

sporadic iodividual treefalls. The relatively undisturbed canopy configuration Promotes
progressive thinning of the trees. Both Th id plicdttl ̂ nd Tr ga hetercphyll& rt^ia:.3rn

ie lf -replicating popr:lations on these siles (Fig. 3). Hence, l i le the Yosemice forests

studied, the 
-fhaja/Twga forest type in Glacier displays both a high value of the compo-

sitional change index and a strlrctural cottelatioo pattern indicative of maximum standing

crop in matute forests with reiatively few, but large individuals'

Fires are more frequent in dry'mesic Pinas contorta/Ldrix forests thao 6 Thaja/

Tnga fotesrs (croq'o fire return inlen'al is perhaps 50-100 years, Kessell 1976. cf Atno

19110). Moteover, burns often occur as stand-kil l iofl crowo fires. The frequencl and

inteosity of crown fires in Glacier appeals to have been increased by rvidespread mor-

tality of Pintr.t col?lart.1 c:luseC, by periodic mountaio pine beede epidemics (Amman

and Baker 1972). Follorving cro*n fires, oFen sites are soorr recolonizeC' hv Pinat

colrtotld and ltrix occiderttali.r, Produciog aD even-aged fotest slructute .{/ith time,

more toleranr species, such as Pretdctttttgtt nenziesii and Picea engelnann ii/ glaaca
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Figure 3. C-omposite size-cJass diagram, for fo'esr rypes In Clacier: ' A1 7 btaa/T
b',4det.' a/P ?udottuga, (C1 Pintt Ian!oltd/LAtria. Soecies are arrar

rrgd, (B) Pin/t!
Panderara,l Pretudottrga, (C) Pin/.t con!oltd/Latrix. Species rre arraoeed from mosr
lfirst) to least. (lasr) shade tale:nnt HL-Trald biterophllla; F.C-Th"ja pticdta;
ES-Picea engebnannii/ Ela ca: DF-Plekdar.usi nentte,ii: \Wp-ptnu noiticata:ES-Picea engelmannii/ 6la*c<: PF-Pseudar,ugi nentteii;i \y/p-ptnu) no;ic.ndl
LP-Ptnk ,  'n turra ssp.  lat i l r ' l ia :  WL-Ldtrx oci idet . t " t i , . ,  pp -p inu.  punde,o,a.

invade the understory, thereby promoting composirional differences between canopy
and understory (Fig. 1). in the absence of fire, eveotual conversion to Prcud,ottaga
nrcnzietii and Picea-complex dominance couid be anticipated. Domitance by pinus
cotrtottd ̂ ^C, Larix occidentalit ovet lafge areas in Glacier, however, suggesrs thar rhe
fire recurrence interval is rypically shorter than the life span of either of these colonizer
species (i.e., a cenruty or less). Hence, recurrent ciown fires in this region appear to
truncate ecosysrem recovery during the gradual ffansition from intolerant to tolerant
species dominance. The patchy distribution of crown fires produces a paterned mosaic
of differenr-aged forest stands (Wrighr 1974) that are characterized, in general, by
low compositional stabil iry (the composirional change iodex value is 0.550). The
cofielation pattern withio the Pixut contorta/La x forests type differs from those of
Yosemite or Glaci,er's ThajalTtuga lotest type. The positive correlarion between
density and basal area sullges$ rhar io this ecosystem, initial deosity of established
trees may play a greate! role in dicating biomass accumulatioo rhan processes of com,
petirive rhif loing. Goff aod Zedler (1961.t) found a similar correlarion partern in
boreal transition forests of the upper Midn'est, rvhich are periodically disturbed by
caoopy fites and spruce buds'orm outbreaks (Hett and Loucks 1976). The composi-
tional changes within and structural traits of Pinas contoia/Lalr forests are character-
istic of periodic crown fire regimes.

Pitn.r ponderon lP sezdotluga foresrs in Glacier rl,ete characterized by a presetde,
ment surface fire regime similar in frequency to that of lower elevation yosemite forests.
However, because fite suppression in Glacier has been implementecL [lorc recenrrv
rhan in Yosmite (ca. 1910) and was oot generally effective in the region unti l the
19J0s (Arno 1980), these previously open-gro\\ 'n Pinat ponderota woodlaods sti l l
exhibit pronouoced compositional alrerarion, as evidenced by the iow index value for
this forest rype (0.300). BLtth Pteulolwga nenzietii ar,d Picea-complex have become
established under the Plrrzrr paltderaia overstory (Fig. 1), appareotly in reslxrnse to fire
suppression (Ltrnan and Habeck 1971, Habeck and Murch 1973). Pittut pontlerov/

0-20 20-30 30 40 40+
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Ptead.orlugd forests exhibit a strLlctuml correlation pattern similar to th^t of Piwlr

co,torta/Larix forests of Glacier, in that density correlates Positively with stand basal

dlea.

lt both Pinas conrarta/Ldrix al'd Pinu pond'etosa/Prcxdotsuga fotest tyPes! com-

posiriooal trends within the fofest and associated structural properties reflect responses

io ".ory.,atn disruption. On the one hand, periodic crowo fires trr Pitl't con'orta/lartx

forests intermpt successiooal lecovery and Promote a strrlcrure that is greatly influenced

by the clensity of estabtished trees in the post-buro folest On the other hand' recent

suppr"rrion uf u s.trfu." fire regime in Pin*s ponderota woodlands has triggered a

,.Lur" of Pteutlottuga nenzietii atLd Picea-complex populations, producing a pulse of

invasive trees which accounts for both the compositiooal shifts arrd the increased im-

portaoce of ree density on standing crop in this forest rype 
- 
A sim-ilar response might

i,e anricipated foliowing exclusion of livestock graziog (Vale 1981), although Lunao

"nd Habeck ( 1971), stuclyiog P. ponderota woodlands in Glacier, oever mention Srazilg

as a cootributinll {actor in the developmeot of maintelance of these Plant communities

Thedifferencesincomposiriooaltrends*'ithinandstl l]ctulalchalactetisticsbetween
forest types in Glacier ana Yosemire, then, reflect diffetences in climate' natural fire

regimei and the influence of fire suppression The variety of structules among forest

tyies in Glacier aPpears to be related ro the differences in oatural Iire regimes allowed

by rh" modificution of regional climate by site factors For example, on toPoedaPhically

diy sites (south-facing aspects; thin sandy substrates), receot suPPlession of surface

{ires has triggered intasion of mote tolerant species (PreldotYtgtl nenzierii ar,d Picea'

complex). b"n dry--"ria sites coveling most slops in the montaoe zorie of Glacier'

.pnru,lia.ro*n fires periodically reinitiate vegetatioo tecovery mechanisms' resuldng

in a forest ,yp. porr.rring iotolerant species (Pin r con'orta ssp' latifol;a rLnd Latix occ'i'

tl.entalil in the overstory, lvith varying lePleseltations of invasive tolerant specles'

Mesic, shelterecl siopes rarely buro, so that Thuja/Tsaga forests in Glacier maintain I

forest structure strongly influenced by gradual thioniog, a stluclure more similar to

Yosemite fotests than to rhe other Glacier forest typs ln Yosemite, more intense sum-

mer droughts, by exacerbatiog moisule stress, induce thiooing on most sites Hence'

fnr".t ,,,.,.tor", are similar throughout the montane zone of Yosemite, although subtle

differences in compositional pafteros amoog forest types suggest that the influence of

suppression of surface fires has oot been uniform
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