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Using General Land Office Records to Assess Forest Succession
in Ponderosa Pine/Douglas-f ir Forests in Western Montana
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Gaining an understanding of lomg lerm lcgclal ion
history ancJ sLrccessional changcs linked to lnman

l . r r r , l  r r - e  p r . r c t i , ,  s  ha .  I ' e " "m"  o f  i r r ,  r . . r ' i ng  im

portancc (Habeck I990. Xlonnig and Bvler 1992.

Kaufmann ei a1. 1992). Tn westem North America.

lor examplc" lr,ildfir'e served as ln important Pro-
cess in shaping pre-1900 r,egetation patlern-q on

Rockv Xlountain landscapcs. Post-I900 alt trat ion

ol presett lernent f i re regimes. as tcl l  as log;fng.

donestic grazing, mining. and land c,ult ivat ion tr i : i

g . r eJ  - i gn i f i ,  r n t  ,  l r a r rp " -  i r r  l h ,  \ ce . l . l l i on  . l f u ,  -

turc and composition ofthis region. Somc ecologists
hare linked modcln c hanges in ftrrcsl struclure :rnd

composit ion lo potential for ser,ere f ircs. as $el l

as to reduccd forest health (Xlutch el a!.  1993).

In lrestern frlonlana. Euroamcrican setllement

intcnsif ied and expandcd in Lhe I870's. Prior to

I900 l iequcnt. low intensit-v f i rcs in the Douglas-

f ir  zonc, originating from l ightning or l iom native

Arnerican ignit ions (Arno 1980, Cruel l  1985. Bar'

rett  and Arno 1982). maintained pondelosa pine-

vestern larch cornrnunit ie-" as optn, park l ikc

forcsts (Habeck 1990). This specilic iirc-vegetation
relat ionship in Nestern l lontana was evidcnt to

earlr area l i tncsses (Arles 1900, T,eiberg 1899)r

cilca-1900 photographs takcrr ;n westem Nlontana

often rer 'eal grasslands and open pondcr-osa pine

u'oodlands occupring much ofthc brrer halfofthc

trrca's rnoultain slopes (Leiberg 1899. Cruel l
r  983 ) .

WiLh the onsct of a n:r l ional pol ic,v of l i le ex-

clusion in the earl l '  I900's, along with accelcratcd

logging ol old gro$th foresLs. $,estern N{ontana's
rnontane pinr:-lar-ch iorest-s havc crper-ienced a reia-

tivcl,v rapid successional change tot'ard I)oLrglas-
l ir  dominlncc {Arno et al.  1985. I labeck I985.
1990). Paci l ic North*esL ecologists ha\e been

seeking rnor-e detailecl. quantitative inlormation orr

forest changcs l inked to human actir i t-"-,  inclut l ing

reduccd f ire (Kaufinann ef ol.  1992. Mutch el nl.
J99i i) .  As resource managers consider hot to

makc historically important processes. such as fire.

a part oflandscapc management, thcv ncccl lo r'on-

sidcr various lbrest sl fufLLLre and composil i ()n op-

t ions. ' l 'cxr,arr ls these eflbrts. they ale helpcd bl
having historic basel ine data points lo pre-1900

\.eEietat ion struclure serr. ing as reletences: CT,O

sur-vev records provide such an opportunit l_ (Noss

r  9B5).

General Land Office Survey Records

Rclativel l-  detai lecl.  quanli lat i \e descript ions of

l , r . - p t l l cm ,  n l  i , r r - l  - l n r c l r r ,  r n , l  , . , r n l , n - i l i o r r  '  r r n

bc derired from intcrprelal ions ol Ccncral T,ancl

Oil ice (GLO) surlcv records dating bacL. in test-

em f r l on lane .  t o  t he  1870 -19 I0  e la . ' [ hc  CT ,O
notes. r'hich proviclc data on hearing lrees selected

to docLrrnenL section corner )ocations. pro"ide a

means to rcq)nslruct presettlcmenL forests (Stcarns

19,tr9. Bourdo l956. Shite 1976).

In practice. a section corner location rtas f icld-

rnarked bv :r l roodcn stake or rock morrrrnrent; the

posit ion of this corner \{as tvpical l l -  describcrl  b"

using ibur bearing lrees. one in cucfi  of Lhe lour

cluadrants surrolrnding the .orner. 1hc bcaring
trees \rcrc to be'bnl,v thc soundest and thri f t icst

ol the trees, and o[ the size ancl kind which ex-

periencc lraches l i l l  be thc mosl permantnl and

h s t i n g - t S l e s r r t  l q 3 5 t .  { l - n .  l h e  h , . r r i r r ; :  t r - ' -

selected vcrc lo be within 300 l inks ( l98 1t/60 m)
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oflhc corner being clcscribed. -Serl ion corners lo-
caleci in savannas or grasslands. often rlid not hale
foul lrees near cnough Lo sen'c iu cor.ner ritrrcsscs.
an{l thc note-q reflcttccl this in spcciiic languagr:.
l i th onlv I-3 trees recor-dcd. or none. Trcr spe,
cics, hee diarnclcr, hee distancc lrom the corncr.
ancl compa-"s bcaring are r-ecordcd in the notcs.
Thr hcight at rhidr diameter-s olbearing trees lerc
b bc taken tas nol speci l iecl in thc guidel ines.

l t  r -  r r - c - - . r r r  f " r  e ,  o l " g i - t -  l , '  f f r ,  l i ,  F  ,  i r . r -
t ion in c\tract inS infrrrmation from CLO survev
n , , l l - . .  i u r \ ,  \ , , r <  . u r , t r r ,  t F , l  l , r  ( i L r r  t , , l l , , s , . . l

l rrcscribed instruct ions in t laversing surve1 l ines
and clcscribirrg bearing trees; Sterlalt  (1935) Lrnd
Dodds (19,1,1) proridc dctai ls ol thc opcrational
rules and rcguladons in cflict circa -[900. Tn a par-
t iculal lot,al i tv. such as rrrvcrcd in thi-q rep(|d, con
sidcration musL bc givcn to the possible exisLencc

ol indir iclual sunevor bias in applving or interprer-
ing OLO guidt l ines, or thr prcsence of cr-rors in
( lT  { )  r , ' t e .  t n r '  . r  - p , .  i t i e  r ns r r -h i p  , , r  - e ,  r i , , r r .

A sunelor- might practice cliffctcnti:rl seler,rivitr,
in herr ing tree selecLion. part ly baserl on the f lex-
i L i l i t r  l " . i l t  i n t u  t l r  g r r ' , 1 ,  l i r r e -  t ; , r  l * J r i n :  t r - -
select ion. and part ial lv on pcrsonal bias. Ihite
(1976). torking in lestern fr lontana (Lubrcchr
School l orest. flnivclsir"- of N{onlana). derertuJ oc-
ca-qional sunevor hias agaiDst small-didmcrer lrees
as $el l  :rs vcrv large diamrlcf trees in OI-0 notes
covcring his slud;- arca; the ert lusion of r.erv srnall
cn , l  r . r r  I . r r 'Be  t f eF -  r -  \ i t ne . -  t rFc -  \ 1  m-  t , '  f i l
the grr iclcl inc cri teria for bcaring h.ee pcr.manent r
u r  l o r r ; - r  i t r  .  I n  r  p r ' l i r n i r r . r r r  - i . r g "  " f  r l r ,  1 ,n  - "n r
studv, copics olthe original CT,O notes $erc laken
into the l ield (Lrppcr l)attee Canvon, Fi€{ure I )anrl
matt.hed r l i th the lrees on the modern landscape.
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Based on thc presence and abscnce of lir'ing trccs

ancl thc rernains of ca icr exi-st ing trtcs near

ferisited srction cofners, it lras assessed that bias
in sLlrvevor witncss tree selection was trncomrnon.

Bv revisiting the oliginal scction < orners. and

re-rnrasuring existing trccs at each slrn'e,v corner.
i t  is possible to cst imale the diredion of loresl suc

cessional change. Such an cffcrrt rras undertaken
in a rni l i t :rn lood arrd t imber lcserral i{)n. the

lbrmcr Fort I I issoula' l imbcr Resene ( l 'XITR). es-
tabl ished in lB79 and locatcd in PaLtee ( lanvon

(t.SDA Forest Scn' icr.  I-olo National Forest) near

Xlissoula, \ lontana (Lat. 46' 46' N. Long. 1 l4o

50 '  W, Figure 1): thc area is nol '  cal lcd the Pat-

tee Canvon Rccr-eation ,A.rea (I'CRA). Photo copics

ofthc original CLO notcs, dated I90l or carl ier,
are availablc l'crr Patlee (lanvon and the FNI'IR in

thc Missoula Count,v Sur, 'eyor's Off icc, l \ I issoula.

Slontana.

History of Fort Missoula Timber Beserve

In 1879. a 6,18 ha (1600 acre) "wood rescrra-

t;on" !,ras set aside by Firecrrtive Ordcr in the up

per rcaches ofPattee Canvon (Figure 1)to l i l l  lhe
lLrelwood and crrnstrLrct ion needs ofForL N{issoula,

a militar;- facilitv located 8 krn (5 milcs) uest of

Pattee Canvon ( l lSDA ! 'orcst Service I99l).  Thc

star-shaped boundur oi FLTR (l igure 1) appears

to ha, 'e been laid oLrl  to encompuss : l  speci l ic con-

centrat ion of large. (?5-150 cmi 110-60" in di-

ameler) pondcrosa pines and $'eslern larchcs

oc,curr ing in uppcr Pattee Canvon.

Selection ol Fort Missoula Timber
Reserve

Fort l ' l issoula Tirnbel l tescrvc was selected lo

sttrdv historic fbrcst changes lbl the frr l lowing rea'

-qons: (a) thc variely of lbrest and bunchgrass com-
munil ies i t  supporls is r-eprescntative of the lot 'cr

montane zone foresFgrassland types commonLv
[i-,und clsewhere in t'estcrn Montana: (b] the

FllTR's irregular boundarr. and i ts nume'rous rn

tersections rr i th torvnship and sccl ion l ines. pro-

r.idcs an unusually high loncentration of GLO
survev corncrs l"sample points' ' ) .  and thus an

abLrndanr:e oI bc.rring tree data from relatilel,v

honrogcneous landscapc units; and (c)the rclat ivel l
l ight logging rJistLrrbance in thost porLions of Plrt-

tcc Canvon and !'NITR r,;here modern dala needecl

lo be laken. Whcn FNITR's sur"rcvccl corners tt'erc

rer.isilccl in 1992. onl-v thosc that appeared lo ha'ie

been the lcast alte|ed bv posFsdtlenrenl distllr-

banccs ((rther lhan f irc control) *ere includccl in

the nnalvsis.

Methods

Proccdures used to exlrac{ phylosociologic infor-

mation l iom GT,0 strrvev notcs are $el l

docurncnlcd (Cottam 19.19. Botrrdo 1956. Hahck
1961. Noss 1985, and Calatowitsch l990). The

Cencral T,and Ollice bcgan contracting survcvors
to subdiviclc publ ic lands in wcslcrn Nlontana in

11367, lbllowing ficld techniques standarclized in

the GLO's 1855 Manual o[ Instrr.rct ions (I ]oclcls

1944). CLO surlcving parl ies creatccl scts of f ield

notes for thc tornships subdividcd. Section cor-

n ,  r  l u r ' . r t i , r n -  r ' e r ,  J ,  s ,  r i l ' ed  u - i r r g  l u . r r i n r  t r ' - . .

At the end ofcacfi suneyed milc. and after a torn-

ship was subdividcd. descript ions rtcrc provided

that rncrrt ion dominant lr-ee species prc-.cnt. qLral-

itv of timber. ancl assessment ol agricLrlttlral poten-

t i . r l .  SL , rn r t i n re -  t he  nu l ,  -  i r r ,  L rded  i r r f o rmr t i , , n , " '
general topographl. soi l  qual i tv and t imher.

As section l ines $ere being run. the suNevols

mddc noLe oI the l inc cnlcring or leaving l i rrcst

cover: thc laller. in turn. Inight be lurtlreI describccl
as "heavi lv t imbcrcd." "heaw opcn l ;mber" or
"scattef ing t imber." Based on my 1992 re-

e\emination, thc lerm "he:r1, ' '  as uscd ln the sur'-

ve,v notcs. is lrelieved to bccn used to charrctclizc

lhe presence of scaltefed " large-sizcd" trees, not

neccssarilv'tlensely stocked" for-ests. Asccnts and
descents of slopc's. inlersections of gul<'hes. ridf(es.

roads. or fence l incs rvere recorded. as $'ere di-

amctcN and species of trtts lound directlv on the
l i ne .

Bearing trccs in quadrants surfo(rnding the

corncrs \!erc chosen l lnd described in thc CT,O
notes. T,vpically. foLrr bearinpl trees (thr: ncaresl one

i r r  e r ,  h , l , r ad re r r t t r . e r .  J , - ,  r i h " , l  . r t  - ee t i " n , , r r n ,  r .
(mile marks), whiLe two trccs were recordcd at
quarler section (hal l  mile) corncrs. An excerpt

takcn from the Septembcr I  B. 1901 surcv notes
fol Lhe Third Xlilc along FMTII's boundarl on Pat

tee Can,von's north aspect is as fol loss:

Chains
l ( ' . o o  i c  ' . ' n J - r  , , 2 2 , 1 2 . ; , - .

16 ins.  l r  th,  grourd,  for  2 l /2 Nl i l  ru.
mrrkrr l  2 1 i2 M. on I l .
T.  R.  orr  \ .  and
t ' -  L.  on S.  f tcesr i ronr rhn:h

d pi r r ' .21nrs.  in d iarr . .  t tars \ .  10" l i . .  i l8  l l ' .
, l is t . i  nrar led Fr.  M. T.  R.-  2 l r2 t r ' I . .  B.  T.

t .sr:  of ( lLO Recolds lo A-s-sess lorcst Change 7l



. \  ln .  l2 nF.  . l i rm..  b.aN S. ( r i l .  U. .  t . l t  l l r .
d i ! r . -  nrnrked l .  l2  \ ._ R.  t9 t r ' . .  S.  l2:  2 I  r2 N,t . .
B .  t .

, {  ln .  15 ins.  d ian_.  bets -s_.15i  \ \ . .  l t ,1 l ls .
, l i s r . .  D a r k , ! l  T .  1 2  \ . .  n  l i l  \ t . .  S .  l 2 :  2  1 1 2  M . _
u.  T.

A r rmara .k .  i l  i n . .  i , i , l i am. .  h , ia rs  \ .  t3o  $ . .67
lks .  c l i : r . .  rnark td  t r r .  ! t .  t . .  R . .2  l r2  \1 . .  B .  1 . .

Thr-"',10.00" represcnts a hali-mile crrrner. Thc
"pinc" refcrred 1o is ponrJcrosa pinc. the .. f i r" is
l)ouglas-f ir .  and the "tarnar:rck'" is.wesLer.n tarch.
Thc initials "lks" rcfcrs to links. onc link cqua.ls
7 .92' ' .  On Fl\ lTI l 's 1 901 boundtr, r  rc-sunev.
corners. mile mark-. ancl hal l-milc marks u-rual lv
$ ,  n  , l e . ,  r i he , l  r r s i r r g  t , , r r r  he j r i ng  r re - - .  { l . o -
rrhercl.er the l'\{TR bourrdan, intefsccted town,
ship ancl serLion l incs. the points wcre also
clescribeci using frrur bearing trees. i f  arai lable
l i t h i r  t hc  300  l i nk  l i n i t .

At the cnd ol ' the srrrvcved 'Third N{i lc". at
U0.00 chains, the survey partv chief pror. ided the
Iol lo\1ing -"umrnarv. uith the l ist inpl of trces in or.-
dcr of dorninancc. the most dom;ndnt l istccl 1ir.-qL:

Lar , l .  b ro le , ,  \ .  sL ,B .o l  n rornra in .
S0 i l -  s r .d \  . .  2n , l  re r ( i .
Tnnh, . f .  pm. -  l l r  ond ranruruc l .
\ l ,n ,n r r i  rus  an i j  hear i l r  rnnh. r r l  tand  a I r l  L ,uorgr  oense
!n , l t s fg ror th  i10 .00  (  hns . '

Bearing trr- 'c data rcseml)lcs plot-Jcss. point-
ccnteled distance mcasurcmenl data (( loLtam and
(iurLis 1956). CLO Lrcc data, lherr surnmarizcd
for a series of corncrs occrrrrinpJ on similar (rcla-
t ivcl l  homogeneous) landscapes, al lol  calculat ion
ol imporlance values for cach lrcc specics defined
its the surn of relative clcnsitv. relatir.e liequencv
and rclatir.e basal arca. lhe distance measures aLso
i lo$ estimates to be rnadc o[ Lrcc densit ics (num-
bef per heclole) and b:rsal ureas (square mcters
ptl hectartJ lbr all trce slecics rerrrr.clccl in lhc sur-
1'er notcs. Sincc a rnajori tr  of the 1901 sur.vcv
I ' o i ' r l s  \ c r F  $ i t n " - . , , 1  r , r  t u u I  l , e r r i n g  t r e . - .  r h e
arera!_ac poirrt-to-tr.ee distances are clirectlv relata-
blc to trec mean area (MA), the ,,alue necded 1o
calculatc tree dcnsit ies. ln:rcldit ion, i1 r,as assurnccl
in using thc 19Ol CLO notes rhat sapl ing-sized
hees. under l0 cm/. l" in di:rnrr: tcr aL groundlinr,
i|'ere not -reledcd as bciuing trccs; no cvidenr:e r,r,as
iound in 1992 thal tr .ees ovcr. l0 cm/: l ' .  i i  al ir .e.
had been rejec tr:d a-s bearing trecs. 

'l'he 
l 90l notcs

lrrovide data 1or 30 cofnef poinLs and 82 bcaring

During 1992, the !I ITR corrers uerc
revisited; onc of the original corner-s could not be
fclocated (thus n = 29 for 1992). ' lhe 

pr.csencc
and sun' ivorship ofthe l90l bearing rrrcs at each
corncr point were nolcd. Thc diamelcrs of sLrrviv,
ing bearing tLees n'ere mcasured dt 0.: : '  m ( l  fr)
ahovc groundJine, or ' 'stump height. ' ,  Random
in ,  r ' emen t  cn r i r rF -  o l  . r r r r i r i r rA  be r l i nF  t r ee .  : r r
breast height (morlcrn standad IIBII. 1.4 rn abore
thc groLrncl) ancl at (.) .3 m (1 ir) confirrn that di-
ameLers Iecoft lcd in thc l9{) l  notes do represcnt
bearing lret diamelcrs near their base,..  White,s
studv (1976) closclv supporrs this finding. A largcr
samplc ol iJ2.1 presettlement bearing trees cover-
ing rnuch ol Pattce ( ianyon indicates thit t  corner-
lo-bearing tree . l is lunces and compass bcarings
lr'ere prcciselv instr.urnent-measured: bcadn€l trcc
diamcters rver-e regrrlarly recortled. but not exclu,
sivcly, i l l  cvcn numbers sLrch as: J0' ' ,  20"" 30, ' .
or in rnult iples of a half-foot: 6", 12". ]  B', .  24".
suggcsting suneyors simply cstimaLed bearing tree
cl iamelcrs.

Thc 1992 clata wcre takcn al each corner
rcvisited. cmploying the point-centered quitdranl
method (Cottam and Curt is 1956). ' lhe 

arca
a lo r rn , l  eac l r  ,  ume l  l ' , i n t  r r . r .  r l i r i J -d  i n to , l , r J r - i c r -
using cardinal cornpass bearings. rcpJicating the
same sct ol cluadrants used in 1901. The nearest
trcc in each quaclrant over l0 cm (4',)  rras
rer.orded bv species. diamerer (30 cm (l it) above
grouncllineJ and distancc (corner+o-trec). ln ad-
dit ion, the ncarest rrcc sapl ing (diamter 2.5-10
cm 11 4"). and ncarest trec seedling (undcr 2.5
( m / r ") diameLer), bur olcr I m (3 ft) high in each
quadrant lerc tallied.

Thc 1992 data werc used to caleulate impor
tance valucs (I.V.) for trees. saplings and sccdlings
ibr cach species. as rvell as dcnsity and basal area
pcr hectare lbr each tree species (Cottam and Cur-
t is 1956.). Within a 0.04 ha (0.1 acrc) circul:u
rnacroploL arourrd each cor-ncr. est;m{ted canopv
coverage percenlage-q (Daubennrirc 1959) tere as-
signcd to each tree. shrub, and herbat:eous spe-
cies prcsenl. Thcse lattcr data lr.ere emplor,ed in
habitat L;-ping (Pfistet et al.  1c)77) cach suNeyed
corner location.

To undcrstand hoi! prcsett lemcnt lorest vege-
tat ion in I 'MTR ha-" chan€iecl over the past 90+
vears, the sLrI\ev cor-ncls werc part i t ioned inb t i{o
c'anvon subunits (Figure l) .  each enconrpassrng a
sel ol -qurvcv @rncrs occrrpving homogeneous
canvon aspecls. l 'he FMTR corners occur oD
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' l {ULEl  
Posr  se l l , .nx . r r  11901,1992) lo resrchn, ,g f *ohs , )L r tha ipecGinFor t  \ I i ssor la  ln rbcr  Re- ren 'e .  i {es len ,  No,nana(F ig -

ure  l l .  la l r l  o r r  CLO suner  recor r ls .

1. l . r0 l  South {spect  Forest  ComposiLi , )n:

Tree l l ) ints \umber Brsul
Species 0rr:ur. Trees Arca

F Den D0nr  l . \ ' .
0/o 0i ,iil

I )ens i l !  Brsa l  Area i

\o . r l iu  rn ' iHr

PIPO
P-sxtI

t 2 * * u.;
0 .0

100
0

1 0 0 100 300
t) t).0

;i:t 4 .2
0 .0

t 2 :J,1

B.  1992 South  As tx t t  Io ren  ( i r tnpos i l io .

t 00 100  100

il8
L z

95
5 I

i . 3
0 .1

282
t 8

r25.2
1 .2

8 . 2

1 7 .  ?
o . 2

300

PtPo 11
PS]TF] 2

3:l
3

Torals 1a) 5 6  7 . 6 100  t00  I 00  300 1 3 2 . I 11.9

+ : In,r,ortan.' Values il\i.) : sumnutiorr ol relative {requr:no (: f olJ), relatire densjrr (: D, n qi) ard relatire dominln(.

(: l)ornrlt,) ulLles. Dd,"ir\ : Lr.es pef hectfie. Dlsdl Arca : squaE Ineters per hr!tar'- t'll'0 = Pniu pozddora- PS\11'] :

l's e Ld. tsu gd nlc n.i. s ii.

'i '' = ln 1901. n'o *rney-rl cornds ni grasslands lackrl n.arbr bearing trees. Ar olh(r codns lo.ated in slrlnnds. o,,h l -3

$ iLnss  t r .es  i re re  reco  c , l  r rLhcr  tha .  lhe  t lp ic l l  lour .  In  l9g2 {o t r r  hees  were  recor lcd  a t  ta rh  o rDer  poLn l

IABL|  2 .  . -qnnmln  o l  1992 s , )u rh  asped l ree  fepu luc t i , ' ,  da la*  lahen ! to  g in r l  l90 l  GLO suNer  corners  in  l ' o r t  [ l i ssou la

Timbtr Rcsrr. uestern Uontona.

A. South Aspr l t  l ree -rap[ngs:

t l ) i , , ts
Strr i .s  0<r ur .

F I .V.
\o .  i  H :1

PIPO
P S U E

:J5
2 I

5 t -
, t3 ll;

1 2 0
BO

66.: t
:r0.0

Totals 2L

I l .  Sor t l i  Aspe. t  T ree  Seed l ings :

:)(i t(x)

5tJ
4i

200

103
9 t -

I 0 6 . 1

;3.a)
i: l.a)

100

P 1 P 0
P,SNlL

I t )
9

;0
.-)0

28
2u

19 5al 100 100 200 f  i . 2

i : ln|ortan(: ValLres tl.\:.) = sumnrrLi,,,, ol relatire frequencr (: I'0/o)and felatile deDsirr (: Di,n o/o) r! u.s. Iiensit! = Durn

Lcr ol saphrgs or seedh,gs 1r'r hrlLarc.

weli-defincd soLrthern aspects, northern aspects.
. r n , l  . , ' . r c l  mo i - t  r l i nc - ;  l l r ,  h l l F r  l r o  - i l c  cJ l . -

gories ircrc groupecl for anal,vsis.

Results
( iorners occLrp,ving southern aspcds f i t  coni-

fcr/grassland habitat tvpcs. including: ponderosa
pine/bluebunclr rvhratgrass h.1. (Pinus ponderosa/
Apyopyon slti<:atun h.t.), pondcrosa pine/Idaho les-

cuc h.t. (P poDdetosa/Festuca itLthoensh h.t).
f)orrglas-lir/snorlberr\ h.l. ( Pteudntsrlga mcnziesii /
S,tmphoitrrtT.tos a[bus h.t.), and Douglas-fi r/rough
fescue h.t. l.P. menziesiilFestut:n stabrelLa h.t.).
Stand data for south dsped sur\ 'et corners alt
prcscnlcd in Tables 1 and 2.

Surrev corners on northern aspeds ale classi-
lied as Douglas-fir/rrinetralk h.t. (.1'seudotsugo nen-
ziesiilPhysot:aqtus maft,acerr.r h.t.). l ith most litting

l - c  o l  r ; LU  l l , . , , r , l -  t o  { - - e - -  f o l e - t  Ch . rng ,  73



TIBLE 3 tbst  senlernent l l90l  1992) i , r .srchrurge*onrorrheuaspects,) l r l reForr l ' l issouhTimberR.s. fv, . .NesterD\t lnrrnu
( l i g u r e  l ) .

d.  l r r0 i  \o r lb  d \ tn t r  Fores t  ( i ,n , l x ,s i r ion :

Tree lltsalPo in is  Number De!  Dorn  I - \ .
,'/t o/o 04r

D. rs iL )  Bas l l  An ,d i
\ , , .1H!  m ' rHu

f'

f ' tF l l
PS\I I'
t . \oc

5 .2
0 .7
l tl

t ; t
62
67

24. i
10 .8
t 1 . B

5 . 1
l). t-

1 . 3

25

t 2
30
zil

1 252
2:l
25

Total: :10

l l .  l 9c )2  No h  As fe . l  Fo f .s l  ( i ,mpos i t ion :

PII'0
t ' - {N' l t l
L A 0 C

t - .2

2 u
2 . 1

r 0 0

2 l
50
29

100

l 2
60
28

100

t 9
45

300

52
t ;5
93

,r;.3

202.5
9,1.iJ

; .  I

6.5
t 5.,1
t  l . 9

(,
t 1 :la)

t ;

Totals 100 3i l ; .3 33 .8

" = I n r t l o r . t r n c e \ ! I u ( ' s ( | . \ r . ) = s l | . l n l a l i d r o f r e l a r i r r l r e q u e l r r ( = | . % ) . r e l a t i r c . ] l ' n s i t r ( = D e n o l , ! n d r e ] a t i ! ( ] l l o n r i n a n . e

i=Ddr0 /o)  Dfns i t l  =  n lnb f fo f t reesp( i r l (c la fe .  Basa l  A  f .a  =  ra lues  r :x1 , r r :ssed i r  sq  ua  r .  ne ters  pe  r  h r  l ra re .  I , I I ,0 :  p ru

rond.r,rd. t',s[]|i : Psetulotwga nicr:ierii. I.AOC = Larit qtidentatis.

T \BLE 1  -s r rmmrn o f  1992 no f rh  a - .pe( r  r fd  ddra*  samphl  a r  G l ,0  sur ! . r  corne fs  n r  ForLr  U issou la  T i fb ,  r  ReseNe.  { , j s l , .m
Vor rhn ! .

A. \or th Asga I  Tree Sapl i rss:

300t Otl100

I . \  . I)cnsitl

\o . /Ha

t'

PIPO
P.Str'IE
LA(X ]

12 2 l
23

2.)

20
50
30

1 J

9B
;9

: t0. I
?,1. f1
,t,1.9

B. \ , , r rh {specr '1rr .  
SeedLnrgi :

2(l

t 1

5 6

1

il

100

2o
;0
l 0

100

l 1 ;

n2
5

200

33
r;2
t 5

119 .8

153 .6

PIPO
PST]IE
| {0c

20t) I  B ? . 2

+ :  Impor ta r r r . \ ' ahres{1 . \ . )  :  surnnra t io  o f r r : la r i re  f requcr . r  ( :  F , , t )  an l l  r . t r r i re  dens i r r  ( :  Den, , ,0 )  \ ! lu , j s .  Dens i r l  =  r l r r
b ( .  o l  s lp l jngs  or  s (a r l l ings  per  h .c r r re .

10020 56 100

nithin the Plr_rrocarp u; nvrLt:ateus phase. The lat-
ter phasc includes cool, moisL sites capable of sup-
porling r,ieslern lat ch. N{rfth aspect sur \,er cornefs
date arc surnmarizcd in Tablcs 3 and 4.

South Aspects

Pondcrosa pint:  tas ud (.()nt inues to be thc ma
jor overstol ' r '  dominanl on soulhern i lspects. I
1901 ('l'able l. I'a A). the south aspecr GLO cor-
ner notes rccordecl pondcrosa pines crclusivelv as

bearing tr-ccs. 
'l'he 

lorcl density oI trees suirablc
as ltearin€i trees on south aspects led. at limcs, to
thc slrr-\'e\,ors r-ccording onlv tt'o or thrcc bearing
tlees at corncls where four trees woLrld have been
selecLed. Tn l ict.  two bunchpl.ass-dominared <rrr-
ner sites lackcd. in 190i ,  beari lg trccs rviLhin thc
recommcnded l l00 l ink distancr. so rn)ne wcrc
reurrded at thcsc corners. The calr:ulatcd 1901
south aspcd tr.ee dcnsitv is i j2.8 trees per.ha
(113.i3/acre). suggosting an opcn-canopied pine
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sarannd plc\ai led: frasal arca aleraged fJ.2 Int/ha
(36 lL' ] /acre). lhe 1901 ponclelosn pinc br:aring
trees alcr-agcrJ .25 rn'(2.8 ft ' )  in basal area, ancl
an aleragc of 57 crn (22.8') in sttrmp diameter.

At thc soLrth asped points r.cl isi ted (Table I,

I 'art  B1. the mngnitudc of forest change lras tcrr
er ident. l 'ondcrosa pine -st i l l  Inaintained iLs over

,.ton tlorninance. but thcrc has been a lbur'-ftrlcl
inc,rease in trec dcnsi lv reaching 132.4 trc'es per

ha i53.6/arrre). In 1992 thcrc tas a greater dcn-
sitv oi pincs. bul those recordcd avcraged -qmaller
diamelers than thosc present in 1901,l i th basal
areas l lcraging 0.11 m' (1.5 ft '2). and diameters

areraging,l2 cm (16.8').  In I992. thrcc I)ouglas-

lirs rrere talliccl at south aspect corners. indicat-

ing post- I 900 enhy of firs on *,arm. dr "* f\'lTR
sites. perhaps capable ol slrpporting forests cl:r-r-

si f ied r i thin the l)ougJas-f ir  cl imax serics (Pl ister

et al.  1911).

Si\teen (47y0) of thc original i34 south aspect

bearing trccs !!efe al i le in 1992, but these i lere

not ahars recorded as thc nearest tree(s) to the

corDers duing the 1992 re-measurcmenl. Be:rr-

ing trcc rnortal i tv appearcd m()st l ."_ due to natural
causes (standing snags. $, ind-thrortn logs. broken
: t , r n t ' - r .  h r l  r  i  r r  , , 1  t l r .  o r i g i r l r l  b . . r r i n ;  t r - . . .

posit ionccl on private propcrlr outside the l  \ ' lTR
boundarv. appcirr to hare heen lost to logging. not

t i thstanding the i l legal i tv oI cul l ing and lemoval

of section corncr bcaring trees. Thc basal area-"
ofthe l6 sLrnir ing ponderosa pinc's increa-recl lour '
fo1d. from an avcrage oi 0. t I rn' (1.2 ft'). anrl li7.l5

cnr (15") in stump diarncter in 1901, to 0..14 m'
(4.8 1i ' ) .  and 75 crn (30' ')  in slunp diameter in
1992.

A summan' o1 I992 slrLldure ancl composil ion
ol the sapl irrg and seedling la-vcrs on south slope

cor-ners is given in Table 2. (bmparablc trte
reproduction daLa are not availablc frrr 1901. \lod-
ern impottnncc ralues (I .V.) lbl  trcc sapl ings show

that Douglas-l ir  leproduction is currentlv tcl l
r ep re . ,  n t ' r l .  [ ' , ' n , l . r , ' - r  p i ne  - r r p l i ny . - , , r i g i n . r t i r r g

olcr the past i l  4 dccadcs. st i l l  outnumbcrcd
Douglas-f ir  sapl irrgs in 1992. l ' ield obscrlat ions
indicatc pine and f)ouglas-f ir  reProduction hrs

been invading thc opren gaps betnccn the old-
grorth ponderosa pincs ( l- igLrre 2). The 1992 data
show Douglas-l ir  seedlings cclual l ing establ ished
ponderosa pinr- '  seecl l ings in dcnsitv. Sa, 'anna-
bunchgr-ass cornponents art bccoming reduced in

l , ' l r l  a r c , r  \ r i l l , o r l  t h ,  f r - , 1 r re r r t  f l r e  i n t ,  r r ,  r r t i , , r r .

on southcrn aspe(1s. Succession lo$ilrds Lhe poten_

tial r : l imatic cl irnd\ slage dominatcd or codomi-
nated bv Douglas-l i l  andk)r ponderosa pinc has

progrcssed oler the past n;neLt vears (Pl istcr e,

al.  1977).

Figurc 2. D,Lr\ rl I'seu.ht qa menzietii t(rtroduction into !n

oltlgrorrh Puirer lorrlea,sa ommunin errlier n,ain-

Lairnl * a saroinr br l,trr i,,t.nsit) fue-r. Photo lakfn

near rasLr:nr Loundan ofFort \'llssorla 1nrlxr lle

ser re  {F isurc  l ) .  Photo  l , v  J . I t .  H lbeck .  19q0.

North Aspects

The ser.Lion colnc$ occup\, ing northem aspc(ts

and moist ravine sitcs in FLTR have t'estem larch

alrng lith pondclosa pine and f)ouglas-fir as rna-
jor forest componcnls (Table ll); both rvcstcrn larch

and ponderosa pirre are f ire-depenclcnt i lnd were

larored bl the frcclucnt. lor intensitv burns oc-

curr ing befbre 1900 ( l labeck. 1990.). Although
r ' ' - t . r r r  l a reh  \ r :  l , r ,  - '  n l .  l l r .  mo - t  comrnun  r ' i t -

ness tree recorded rt noflh aspect corners in l90l
\|as still pondcrosa pine which displayccl the

highest importanc e , 'alue. the highcst density and

greatest basal area ,ralues ( lablc 3. ParL A).

The 1992 da r from north aspect and lavinc

c'orners (Table il, Part B) shorv clistinct shilis in

l ,se of GLO Rccords to Assess lbrcst Change 7:)



Fort Missoula Timber Reserve
Pattee Canyon - Lolo National Forest

Basal Area Data - North Asoect

1901

PtPO-72y"

Total Basal Area:

7.1m2/ha

forcst stmcLurc and contposit ion towards f)ouglas-
l i ' .  F i y r r r "  . t  ,  r np l r . r - i z - .  r l r ,  - i gn i t i r  r n r  i r l  r e ; r r
in basal ue:r l)er hcctare. and lhe muclt grcater
importancc of DoLrglas-f ir .on the rroclcrn Fl\ lTlt
Jarrr lscape. A11 thrce conifer spccies hare increased
in densi lv and basal arca. changing the ph_,-sical
sl lucture ol lbrest crorcr i i .om open to closed
,  . 1n , ' p r :  1u , r r , l ,  r " - a  I ' i r ,  h r -  - l r i  e ' l -  p ru l , o r t i o r r -
alr ly, to thifd place ranking t i thin rhc modern
! 'XITR fore-st.  About 500l l  ofthc original 48 north
rspect bcarin€( Lrees survi led to 1992. but Lhcst:
sLrnivors. Lhough largcr in 1992 rhan in 1901.
lrere s{.attrred :rmoltf lsl  thousands oI smaller
Douglas f irs cstabJished during thc post 1900 cra.

A sunrrnarr '  o1 1992 conifcr r.eprodLrcl ion data
taken lrorn FN11'R's northern aspects is prol ided'n  

T r rb l ,  l .  \ l t h "  r p l r  r l l  t h rne  : p , r  i , -  r enu i r r  1 , r , . - -

76 Habcck

enl in the lo$'cr lbresl straturn. l)ouglas-f ir-
dominatcs the secdling ancl sapling lay-ers, as might
be erpectcd ol the potential cl i rnar specics in the
prolonged abscnce of f i rc. Ponrlrrosa pine and
'western larch. although longJivcd, bencfi t  br, si te
disnrlbances (mineral sccd bed exposure) irr  their
establ ishrnenL. l i ightv-tvo pcrcent of al l  tree secd-
Jings rccorded during the 1992 sanrpl ing rerc
l)ouglas-f ir .  As rnaturc. old-grorl th pondrrosa pine
and testern larch ar-e lost through nrtural att  t ion.
*i th l imited replacemenl. thc -.hifr  lotar.os ovcr-
storv ( lominance bv Douglas-f ir  is prcdictablc
(A rno  1980 .  Habe tk  1990 ) .

Discussion
Thc sucr:essfirl use of CLO survev notes irr thc Fort
Nl issoula 'l'imber 

Resene in assessirrg direction antl

1992

LAOC-35%

PSME-46%

Total Basal Area:

LAOC-19%

33.8m2lha

Pek,,trs, s ol rotal l)asrl erer p.r h(r rnf. lre girer lnr PIP0 : I'ttu: ponden:a. psl'tE = /,rp/,rrixg.r ,rc,z6ii. rrd
| . \ \ ) ( .  =  Lu i \  n r . id .n tu l^ .



mrgnitudc of post-settlement lorcsl change is p.u1lv

duc Lo Lhe uDcommon cl)noenlr: l t ior l  ol  sLrrverecl
cornels in ul4)ef Pattee Canvon. The inclusion and
descr\rt ion of lrearing trees lhcrcver the FNITR

boundarv intersectccJ tounship and scdion l ines

expandcd the quanti tnt ivc database used to calcu-

htc circa-I900 lolcsl slrr lcture :rnd composit ion
Furlhermorc. the CLO sun'cl notc data for uppcr

Pattcc Canron oiginrtc f fr)n relat ivelv uniforrn
south aspcd an{l norlh aspect landscape units. al
lowing the grouping and averaging of the 1901

data. I i lse$here in mounla;nol ls parts of thc Pa-

cif ic \orthwcst. Lhere mav bc cl i f f icrr l tv in as-
- '  m l , l i r r g  a  -u l l i e i en t  n . r r n l , . "  o l  l r e . r r i ny  l r ,  r -  t , ,

r . t , r e -e r r t  1 r , ,m , " . : ,  r r - " u -  L rn ,1 .  r p " .  : . r l , n ^ f l i nc

-similal rcgctaLion ol closcl,-v rrlaLecl habitat tvpcs"

as erisl in l'attcc Canvon. Hortevcr. r'her-e sirni-

lar analvses of (lLO notcs are undertaken, in arcas
lacking thc sl)at ial conccntrat ion of sLul 'eYcd

trrrners lbund in Pattr-'e Canvon, it lrould l)e neces

sar-!' to gr-oul) beadng tlec dilta laken liorn similar

aspecLs and elevations $'ithin contiEillous townships
that shalc biophvsical similari t ics.

l ' rcclucnl presett lernent l i lcs in PaLLee ( lanvon

arrd elsewhere in $,cstern N' lontana arc knoln to

halc generated rnd pcrpeLualed pinc-larch
-"avanna anrl gr-assland tvpcs. lcrrrning n firc-
nrcrl iated mo-saic. Rcduction oi l i re aftcr ]900 has

led to thc transforrnal ion of thc parkland mosaic
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