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Abstract
Ages of invasive tecs i  three ubalpine meado*s sere dclcfmined { i th an increnent horcr .  Cl imare change, foresr t i re h isrory,
and grazins p.essurcs have ali influenced the histories ol mcado{ invasion. Invasive lintb.\ pi1e \Pinus ferilir) save wa} to
Dougla$tu (Psezdor5esa nezziesi i )  and lodgepole pi ie (Ptrzr  cozrorra)  dur ing tbe per iod of  major  c l imate.aused inrasio!
a.ound i895-1915. lnvasions into the neddors in 1920-1910 sere a resul t  of  dr ier  c l inat ic  condir ions,  the possib le inf luence
of grar ing,  a.d a torest  f i re.  Heavr grazing prevents present-dar invasion in at  lcasr one meadow.

Introduction

The determination of periods of cl imate change,
and knowledge about the geographic extent of
such changes, provide the basis for an increased
understanding of the potential impact of future
cl imatic f l  uctuations. Unfortunately, many areas
in the American west suffer from a paucity of
widespread, long-term cl imatic data which could
document such changes. Surrogate data become
signif icant in such locations.

In the mountains of the western United
States, subalpine forest environmenis are difficult
si tes for tree establ ishment (Agee and Smith
1984). When trees do become establ ished in loca-
t ions such as above present treel ine or in
subalpine meadorvs, the establ ishment is often
attr ibuted to some form of cJimate change which
has made condit ions more amenable for trce sur-
vival (Frankl in et al.  1971, Schimpf el al.  1980,
Kearney 1982, Ostler e, al 1982, Winter l9B4).
0 the r  f ac to r s .  pa r t i eu la r l y  l 6nd -u "e  p ra ' - t i r r s .
must also be examined as possible causative fac-
tors in successful tree establ ishment at formerly
inhospitable sites (Dunwiddie 1977, Vale l98lb).

A recent sludy from the Lemhi Mountains of
east-central Idaho (Figure 1) revealed a major
historic trcel ine advance, ini t iated in the 1920s
(Winter l9B4). This advance was correlated with
a broad cl imatic warming and drt ing that oc-
curred across i !estern North America during the
same period, and which has also been identi f ied
by examination of the ages of invasive trees in
subalpine meadows (e.g., Frankl in et al.  1971,
Nisle l98l,  Agee and Smith l9B4). Other studies
in western mountain meadows have also iden-
t i f ied sucressful tree establ ishment in the same

period, but did not direct ly attr ibute these tree
invasions to cl imate change (Koterba and Habeck
1971 ,  Va le  l 9B l  a ) .

The present study was concerned with l)  iden,
t i f y i ng  t he  pe r i od (s )  o f  sue r "es . f u l  t r ep  i n ra \ i on
into mountain meadows in the central Lemhi
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Figure 1.  Locat ion of  the studl  area in east  centra l  Idaho.
A and B are the locat ions of  Winref 's  (1984) up,
per t recl inc studl  s i tes in the Lenhi  l ' lountains.
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Nlountains of Idaho,2) comparing the period(s)

of meadorv invasion to tht '  period of treel ine ad-

vance in the same rangc, identi f ied bl Winter
(1984), and 3) attempting to identi ly causal fac-

t o r s  sh i ch  r l l , , r ' , ' d  t h , '  meado ! .  i n !as iuns  l o

occur.

The Study Area

Geology and Geornorpho ogy

The Lemhi Mountains rise abruptly from the
northern edge of the Snake River Plain, and ex-

tend approximatel_v 160 km in a northvesterly
direct ion. The range crest has a mean alt i tude

of 3,050 m (Knoll  l9?7). The mountains are com-
posed of highly deformed Paleozoic scdimentarv
rocks and quarlzi tes, with a few granit ic and
diori t ic intrusives exposed.

The Lemhis are incised bt a systcm of
glacial lv-scoured val leys which are oricnted

rou ghlv perpendicular ( i .e.,  south$est-no.theast)
to the crcst of the range. Glacial rcccssion and
deposit ion during the late Pleistoccne atd Ho-

locene have produced complex patterns of mo-

raine and kett le topo$aphy in man,y val le,vs
(Knoll  1977; Butler l984a,b,c; Butler et ol 1983,

l9B4). Tree'r ing studies i l lustratc that the last

stage of the Neoglacial terminated later than in

the southern Rockics, in the 1905'1910 period
(Knr-r l l  1977, Butler l9B3).

Soi ls

Soils in the val leys are general ly thin and ston).
Many Holocene glacial/boulder deposits have soi l
prof i les with poorly developed 0/AiC horizons.
B'horizon developmcnt is restr icted to soi ls fbrm-
ing on Pinedalc-aged (and older) glacial moraines,
or in subalpine meadorvs (Butlcr 1984c).

Climate

No cl imatic data exist for the val leys of the
eastern Lemhi Mountains. I t  is est imated, how-
eve r .  l ha  I  l hp  pa : l o rn  f r on t  o f  t he  rang .  r " . " i r " .
about 40-45 cm of precipitat ion annually. Pre-
cipitat ion at higher elevations mav total as much
as ?5 cm, much of that in the form of snow (Cal '

lup 1962). Modern-dav mcan annual temperature
along the front of the mountains is est imated at

4 -6oC .  P . r i od .  o l  ab " r " -a r c rage  p rec ip i t a t i on  i n

lhe state of ldaho as a whole were recorded in
lB92-1897, 1905-1915, 1940'1950, and 1968-1972.
Pcr iods  o f  low ra in fa l l  uere  l886 '1890,
1899-1905, I920-1940, and 1950'1965 (Nislt:
r98l ) .

Vegetat on

Donglas-f ir  (PseutlotsrLga mea:iesi i)  and pon-

derosa pine (Pinus po4dero.td) occupy thLr lo cr
two-thirds of most val leys. These species give way
to subalpine f ir  ( lbies lasiocarpo), l lngehnann

spruce (Picea engeLmannii) ,  l imber pinc (Pinas

fe.tilis), and whitebark pine (Pinus albicaulis\ at
highr-r r ' ferat ion.. Ln{lg"p'r l ,  t ' inr (Pinu, '  runtut

ta) is a orajor successional species at low to mid'

t j l e  e l eva t i uns .  U lp r r  t r ee l i ne  e le ra l i un  r rng "s
from about 2,800 to 3,100 m (Winter l9B,X).

Specific Study Sites

In severai of thc glaciated val leys of thc cast-
central Lemhi Mountains, sulralpirte Ilreadows are
located along the central axes of the val levs, in
posit ions imnrediatel l  uplal lc. ' -  of arcuate mid-

and late-Pinedale readvance moraincs. The
meadolvs are comprised of varying thicknesses
of f ine-grained sedimenls l lhich $ere impounded
by the damming action of the moraincs. Tbese
scdiments in some cases record complex en'
vironmental f luctuations which accompanicd
dcglaciat ion and post-giacial recoverr (Butler

1984b, l9B5; Butler et aa 1984). Thc thickness
of rhe dammed sediments is a function of the pro-

f iciencl with which the arcuate meadows acted

as dams.

Meadow Selection

Three subalpinc meadows in the central porl ion
of thc Lemhi Mountains, First,  Harry's, and Deer

Creek, were chosen for this study. The three

meadoivs are located roughly half-way betveen
the two sites examined in Winler 's (1984)treel ine

srudy (Figure l) ,  offering a basis of cornparison
of periods of mcadow invasion vs. treel inc ad-
vance. They hale been spared loggirtg ol larger
trees; othcr meadorvs in the south-central porl ion

of the range near Winter 's southern study site
werc heavi ly logged. Each mcadorv possesses

similar elevations, orientat ions, and terrain
characterist ics (Table l) ,  and each is rvi thin or
adjacent to r.al lels for which records of late Neo-

Conifer Invasion of Subalpine Meadows 167



glacial cl imatic f luctuations are avai lable (Butler

1983, l9B,1a). Crazing records, necessary for
evaluating grazing effects as a possible causal
agent of meadorv invasion, wcrc avai lable for the
val leys in which the meadows are located.

Locat on, Soils, and Vegetaton

First Meadol (FM) and Harrv's Meadorv (HM)

are located in the Mountain Bo,v Valley. Butler
et aL. (1983,1984) mapped and dcscribcd them.
Deer Creek Meadow (DCM) is locatcd in Deer
Creek Valley, about 2 l i2 km to the northwest.
Soi ls in the meadows (sampled bv backhoe-and
hand.trenching) are relat ivelv similar (Tablc l) ,
in spite of the varying thicknesses of the f inc-
g ru incd  i n rpounded  l a r rn  I  n ra le r i aL .

Vegetation surrounding the meadows is
largelt mature Douglas'fir forest. Several isolated
l imber pine are scattered along the crest of the
moraine nhich darns FM, and some dead l imber
pine snags are in close proxirnity to the l iving
specimens. The meadorvs themselves are con-
spicuous on aerial-photos and the ground,
because of the gcneral abscnce of mature, large
trees. Vcgetation in the rneadolrs is primari ly
sheep fescue (Iesta ca outno\ or Idaho fescue (F.

idai.oeasis), vith very Iittle bluebunch rvheatgrass
(Agropyr o n sptc atu m). Bluegrass (Poa secznaa.l
is a secondarv species (U.S. Forest Service 1964).
Sagebrush ( lr temrsia spp.) is found in al l  three
meadows (Figure 2). Various members of the
aster family (Compositae) are found in al l  three
meadorvs.

Graz ng History

Crazing records on f i lc in thc U.S. Forcst Scr-
vice off ice in Leadore, Idaho, indicate that al l
three rneadows were grazed b,v catt lc and horses
during an unspecif ied "early part" of thc 20th
century. Winter (1984) statcd that grazing began
in l9l9 on an al lotme t irnnrediately to the north
of, and morc acccssible than, the present study
area. I t  is reasonable to assume, then, that graz-
ing did not begin in thc mcadows before about
1920. In Winlcr 's study area, the nunrber of praz-
ing animals peaked in 1930, decreased sharph
(a 33 percent reduction) unti l  1935, and increased
again unti l  1951, when a 60 percent reduction
was imposed because of severe ovcrgrazing. Sincc
the nrid-1960s, the present studv area has had
approrimatcly 200 catde grazing for periods of
l-2 months for three consecutive summers fof
lorved by a summcr of rcst from grazing. The
field season of l9B4 inmediatelv fol loved the
period ofgrazing in Deer Creek Valley. DCM was
laden with corv manure, and the soi i  was heavi l l
disturbed bv catt le hoof prints.

F re Hlstory

Fire records for the three meadows are
unavailable, as no f ire data are avai lable for the
Lemhi Mountains prior to the mid-1960s (Winter

l9B4). One trce in DCM, however, was f ire
scarred; a tree'ring core uas extracted at thc scar,
and the year of occurrence was dated at 1938.
This f ire fol lowed the severe drought of 1934-36,
revealed b.'- tree'ring analysis of Douglas fir grow-
ing on dry mountain slopes adjaceDt to the East
Fork of the Salmon Rivcr (B. R. Butler 1978).
Charcoal rvas recovered from thc surface soi ls in
both FM and HM, and was radiocarbon-dated as
"modcrn" (beta 3657 and beta 3655, respec-
tively). Nonetheless, no evidencc exists on the sur-
f ace  o f  t hcsc  mcado r r s  t ha t  *ou ld  i nd i ca te  e r l en -
sive f ire occurrence.

Nature of lnvasion

Approximately f ive large stumps are located in
HNI, associated with the construction of a log
cabin there. This is the onlv evidence of tree
removal lrom anv of the three neaoo$s, ano ls
not considered to havc biased the HM age sam-
pl ing described below. Small  inr.asive coni lers,
noticeablv smaller than in the surrounding

Figure  2 .  Invas ive  con i fe rs  in  F i rs t  Meadow.  The ar tow

po in ls  b  a  por t ion  o l the  nora ine  wh ich  dammed

thc  scd in rc r t r  conrpr is ing  the  meadow.  Sagebrush

" n J  g ' . , . . " .  J . I  1 J r -  r I  u , J " r .  r \  L . s "  d  i ^ n

in  the  fo reground.
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mature forests, dot the surface of each of the
three meadows (Figure 2). FM is undergoing the
most widespread invasion, and DCNI the least.
I t  is these small  invasive trees that are the sub.
ject of the present study.

Methodology

Tree r ings were sampled to determine tho period
or periods of the onsct of tree invasion into the
three meadows. A standard increment borer was
used to core the invasive trees. Trees were oe-
f ined as those specimens with a dbh of at least
5 cm, and a height of at least 150 cm.

The main purposc of this studv was to deter-
mine the pcriod of invasion onset. Young seed-
l ings nere, therefore, not sampled. Only one seed-
l ing was found in DCM, and less than ten irere
found in HM. More seedlings are present in FM.

Every tree in HM and DCM (32 and 23,
respectively) was cored. The greater number of
trees in FN{, and t ime constraints, dictated a
more restr icted sampling scherne. A sample of
66 trees was cored in FM. Al l  trces were cored
in the NE, SE, and SW quadrants of the meadow,
where numbers of invasive trees $ere l imited. ln
the NW quadrant, many invasive trees were pres-
ent, and a 5 m-wide belt transect was used lbr
sampling. The transect extended from the mature
forest margin into the geographic center of the
meadow. Al l  trees within the transecl were cored.

Everv tree rras cored B-10 cm above ground

f] r;.r ,ra..a"*

f,] r.-yt u..ao*

level.  A growth factor of 3 yr was added to the
total age of each core, fol lowing the procedure
of Vale ( l98lb). Cores were storcd in plast ic
st laws to protcct thenl during transport.  Before
counting r ings, the cores were dricd, mounted,
and sanded. Ring counting was done under a
l0-60x zoom microscope. Each core was counted
twice for accuracv of irgc dctermination. 

' Ihe 
age

of establ ishment for each trec $as then catego-
rized by pentad (Figure 3). Species, dbh, est i-
mated height, and distance from the forest/
meadow boundary were recorded for each tree
sampled.

Results

Average tree age rarics considerably among the
three meadows (Table 2, Figure 3). Neverthclcss,
the ages of the invasive trees from al l  three
mcadows are considerably younger than malure
trees in the surrounding coniferous forest. 0n the
ridge of a nearby well-drained glacial mcrraine
in Mountain Boy Vallev,2? of35 sarnpled mature
trees cored at breast height excecded 130 _vears
in age, with 16 of the 35 being more than 200
years old (Butler l9B3). On the crest of the
moraine which dams FM, a stump (cut during
jeep trai l  construction) revealcd 305 annual r ings.

Few trees existed in either FM or I{M prior
to 1880, and none did in DCM (Figure 3). Inva-
sion into FM began in earnest in thc mid-1890s,
and continued at relat ivcly equal levels unti l  ap-

o
I
I

d

: '
: ) t

DATE OF E STABIIS HM E NT
(BY PENTAD)

Figure  3 .  Nunrber  o f  t r . .5  cs rab l i shed in  each meadow,  b r  pentad .
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proximately 1950, except for a dist inct peak in
the early 1940s. Two separate periods of max,
imum invas ion  occu r red  i n  HM,  t 905 ,1919 ,  and
1925-1945. Invasion has almost ceased in HM,
with only the few undated seedlings post-dating
1945. In DCM, al l  but one tree invaded after
1925, and 55 perccnt of those invaded after the
forest f i re of 1938. Invasion ceased after 1959,
with only one undated seedling having become
establ ished there in lhe last 25 years.

Definite dif ferences in spccies age occur in
each of the three meadovs. In ai l  three, l i rnber
pine averages at least 2l years older than the next
o l r Jes t  spec ie . .  A re r rge  age  o f  o the r  . pec ie .
within each individual meadow varies l i t t le; only
a one year dif ference betrveen average age of the
other two species in FM, and f ive vears or less
in DCM (Table 2). Differences in average heights
and dbh of sampled tree-" among the three
meadows were not stat ist ical iy signif icant. The
greater averago distance from the mature forest
margin in FM may at f i rst glance seem an anom-
a l r .  l r u l  i s  aecoun ted  f o r  s imp l r  hv  i t -  g rea te r  s i ze
compared to HM and DCN{ (Table 1).

Lit t le correlat ion exisls between tree age and
height, tree age and dbh, or tree age and distance
f rom fo re . t  ma rg in .  S imp le  l i nc : r r  r eg r . . . i ons .
rvith tree age as the independent (predictor)
variable and tree height (by species within each
meadow), tree dbh (by species within each
meadow), or distancc from forest margin ([ry
species within each meadow) as the dependent
ra r i ab le ,  " e re  ca l cu la ted .  N ' ,  R?  va lu "s  i n  e r ce " "
of 0.25 resulted for the tree age/height, tree
age/dbh, and tree age/distance from forest
margin calculat ions; except for a 0.55 R'?for
I imber pine clbh as a function of age in FM, and
a 0.66 R'?for subalpinc f ir  distance fron forest
margin as a lunction of age in HM. This latter
result may be a function of extension into the
meadow through sucker-shoot reproduction.

Discussion

Periods of invasion vary among the three
meadows, suggcsting that 1) no one causal agent
is responsible for invasion, or 2) the same causal
agent operated at dif ferent t imes in each
meadow. Suggestions as to the causal agents in
each meadow are outl incd belorv.

In DCM, init ial  invasion corrclates temporal ly

with the dry period of 1920-1940, and with the
pcriod of introduction of grazing. 0ther studies
in the region have shown that warmcr and drier
condit ions during these decades produced longer
snow-free periods in subalpine meadovs, drying
thp  meadow so i l s  anJ  t he re fo re  a l l ou ing  t r ee  i n -
vasion (Frankl in et al 1971, and Agee and Smith
1984, in the Pacific northwest; 0 stler et al. 1982,
in the Uinta Mountains of Utah; and Schimpf el
ol.  1980, in the northern Wasatch Mountains of
Utah). This same period also saw an upper tree-
l ine advance at least part ial ly attr ibulable to
milder cl imatic condit ions (Winter l9B4), so i t
is reasonable to assign cl imate as one of the most
l ikely causal agents for thc onset of the tree
invasion.

Cessation of grazing has been cited as con.
ducive to tree invasion in some studies (Vale
198la, l98lb), whereas other work suggests that
moderate levels of grazing result in abundant tree
invasion, by reducing competit ion with meadow
vegetation (Dunwiddie l9?7). The introduction
of grazing around 1920, at an init ial ly moderate
level, probably assisted the establ ishment of
seedlings in DCM. As grazing pressures in-
creased, however, seedling establ ishment de-
cl ined except during the immediatc post-f ire
period. Although reduced grazing was recom-
mended in 1950 and imposed in 1951, DCM con-
t inues to experience severe grazing disturbance
in most summers. This grazing probably pre-
cludes continuing invasion of the meadow, in that
seedlings are trampled and destroyed before they
can become well established and sufficiently large
to survive. Cessation of grazing would probably
rpsu l t  i n  a  rene r ,ed  i n i t i a t i on  o f . ced l i ng  i n ras ion .

1he  t *o  p r r i . ' d s  o f  p ronoun , ' cd  i nvas ion  i n
HM, 1905-1919 and 1925-1945, are probably cl i-
mate related, with a possible grazing inf luence
in the second period. The f irst period correlates
with the termination of cold, latc Neoglacial
cl imatic condit ions in the Lemhi Mountains
( K n o l l  1 9 7 ? .  B u t l . r  l q B 3 ) .  S n o $  f p t p n t i n n  i n t o
thc summer season nas therefore reduced, al low-
ing fbr the init iat ion of meadow invasion. The
second peak of invasion probablv represents a
continuation of the invasion proccss, favored bv
the drought condit ions prevalent in that t ime
period. The onset of grazing in the 1920s mav
have contr ibuted furlher to the second phase of
invasion.

The period of ini t ial  invasion in HM coincides

Conifer Invasion of Subalpine Meadows l7l



with the cessation of l imber pine establishrnent
in all three meadows, suggesting climate change
as the primary invasion instigator. Post-1905
trees in the meadows represent species such as
Douglas-fir and lodgepole pine (Table 2), species
which are more tolerant ofwarmer and drier con-
ditions. The limber pine is a tree frequently
found near upper treeline (Winter 1984), and is
associated with cold clirnatic conditions. Given
the change from late Neoglacial to post-Neo-
glacial conditions about 1905 in the Lemhis, it
is not surprising that l imber pine was no longer
able to successfully invade and compete in the
warmer  and increas ing ly  d r ie r  meadow
environments.

Meadow invasion has essentially ceased in
HM, with no tree present (except for the few un-
sampled seedlings mentioned above) younger
than forty years in age (Figure 3). Reasons for
this are unclear, in that no grazing has been
observed in this meadow in five sumrner field
seasons, nor is the soil of the meadow churned
and disrupted as in the heavily-grazed DCM. Fire
has not been a factor, nor has human disruption,
although a small, sporadically-uti l ized miner's
cabin is located on the fringe of the meadow. No
evidence of cutting or stump removal of small
trees is present. The total absence of grazing
(associated with an absence of seedlings) may
lend support to the theory that moderate (but not
heary) grazing levels assist in tree establishment.

Invasion in FM predates the invasion in HM
by approximately ten years. In the absence of
grazing or fire corroboration, climate remains the
most likely causal agent for invasion. FM is more
exposed and sunnv than HM, and 50 m lower in
elevation. These factors may have allowed warrn-
ing and drying. and subspquenl meadorn inrasion.
to begin sooner in FM than in HM.

Once begun, the invasion in FM has remained
steady, except for a surge in the 1940-I944 pen'
tad. Although no fire scars were Iocated on trees
in FM, the presence of modern charcoal suggests
that this surge could be a result of post-fire suc-
cession. The large number of invasive lodgepole
p ine  a lso  sugg"" ts  f i re  quccess ion  ln ras ion  " ince
the 1940-1944 peak has continued; the decline
in number of invasive trees in FM on Figure 3
is an artificial misrepresentation, resulting from
the abser rce  o f  sampl ing  o f  lhe  manv invas i re
nees *hich were smaller than the established
minimum dbh of 5 cm and height of 150 cm.
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Concluding Remarks

Previous studies of invasion of trees into

subalpine meadows have cited several possible

causal agents. In this study, the inf luences of

these same causal agents have interacted in a

complex fashion. Some periods of invasion onset

or cessation are attr ibutable to cl imate changes,

whereas others are a result of forest f i re succes-

sion, or are related to changing grazing pressures

interacting with cl imate change. Each meadow

examined had its own unique history, depending

on which potential causal agents had interacted

in that meadord. Common to al l  three meadows

was the cessation of l imber pine establ ishment

around the turn of the 20th century, as milder

climatic conditions began to favor the establish-

ment of such species as Douglas-f ir ,  Iodgepole

pine, and (to a lesser extent) Engelmann spruce

and subalpine f ir .  The cl imatic causal agent was

appa ren l l y  no l  l im i l ed  l o  t he  t $o  va l l eys  con ta in -

ing the three study meadows. Climate change was
geographically widespread enough to affect

meadow establ ishrnent in the central port ion of
t he  Lemh i  Moun la ins ,  uh i l e  a t  t he  samc  l ime

allowing upper treel ine expansion to the north

and south, over a geographic distance of at least

75 km. Orher studies have also shown the geo-
g raph i ca l l y  w idesp read  d i s t r i bu t i on  o f

temporally-coincident climate change in the

Lemhi Mountains (Knoll  1977, Butler 1984a,

t984b). Reason exists to believe that future

climate changes in the area will also be

widespread.
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