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Abstract
tr'f srudied hlbitur selecrion br Rooserelt elk (CcrrLj.ldplM rdos.r.ltt) D a remperare rain fi'est ir the 1,,$er Que.ts Ri{ir ld!l,i!

ol the vestern Ol-rrnpic Peninsula, N ashington from JuDe 1986 June 1987. ELL annual hone ranges in'hded prcdonrnranLh ur-

loggecl forests protected rdthin Olrn4ic National Park ard logged, regeneratnrg lorests arljacent r, thc park. Rarlirnrlharl rlk

selected rallev {loors during all se.sons e\.eplrinter, shen elk frequentl ustd an adjoiirins plar,aL, riO n abor: thr' lloor\,lulrr.
In idnter. rodio collared elk seLected 6 I5 rea old clearcuts. rhich were arailable or rhe plateau. Elk sdrtcd natrrrc rlcrnluors
lnrfsrs ol rh. lallf! floof durnrs sprnrs. sumrrer. and outLrnu. md generallv tliel selected old age Sitla spruce l,rests rlurnrg au-
r , ,m, !  an , l  s in r . r .  l i rng  c lcarcu ts  (1  5veufsod l  !  even rged.  regeneru t ing  s r .nds  i16  150 ledso ld )  genera l l r  re re  a ro  d
d u t i n g a | l s r l a s o n s - l l a l u g t n | . n L I ) r a l | i ( l . s t h a I n ] t a i n l ) l ] l i ] n r . { l

stands. and olil rge c0nife

s tands 'S i l r i cu ]n r ra ]a ] te rna t i res lo l rp i .a le !en 'agedsu ldmal ragcnnrL .su [as l r rc rcn .agr i

nng. should also be considered for improring ard nailtaiiirg inrerspersid oi frragc anrl r ot.

Introduction

Logging has altered habitaLs ofRoose!elt elk Ccn&.\
elephus r,.roseteki throughout the Pacfic Northwest.
-qince the Lurrr of lhe ccnlLrrv. mosl lot-clcval ion
ol. l-age fofesls ( )  l i>0 years) within the range of
Rooselelt  elk in Olegon and [.ashington hare been
cllt lbr lrood producls and conler1ed to even-aged
stands harvested in 60-90 _"_ear clltting cvcles
(Judav 1977. Nleslr* er ol.  l98 l  ) .  For cxampic,
lon' elevation Dougl:rs'fi r' \It.setLdotsnga nte nz ies i iJ
fofesls grciltcr thdn 200 vcars olcl covcr about l0
percenl ol their original dislr ibution (Frankl in et
a1. l91.t l .  Frankl irr and Spics 19821,).

Flxlensirc convcrsion ofolcl-agc forcsts to cvcn-
agecl stands in shortLerm harvesl rol l rons ma\'
have sippificant long-term effects on elk popula-
tions. Thcsc cffccts includc rcduccd ar.ailabilitl of
preierred elk habitats and forage (I larr is er nl.
1982. \{ i tmer and deCalesta 19l l i l .  Schroer ei a!.
19BB): reducecl plant specie-s r ichness and diver-
sitl'. particularlv in pole sized stands (I'ranklin and
I 'cchancc 1968. Alaback I9B2): and increased
distrrrbarrce caused bv roads (S' i tmcr ancl
de(lalestr 1985. Schroel I987). ( ireater under-
stancling of clk habitat pleferences relati!e to

forest succcssional stagcs l'ould be uselul lbr long
range planning ol lorest har,rest ing in thc Pacif ic
North$,est.

Prel iou-q sLtrdies o[ habitat Lrse incl icated that
old age coniferous forests. deciduorrs forests. and
some young age-classes oflogged coni[er-ous foresls
{r'e impo ant habitats lbr Rooselelt elk (v.irmer
and dcCulcsta 1983, Jcnkins and Starkel- I984,
Schroer 19f17. Brunt eI al.  l9B9). Thosc snrdics.
however. did not include a broad arrav of sur:c.es-
sional ages of forcst r,hich pclmit an asscssment
of al l  stages of forest success;on. Thc purposc o{
this stucl,v, therefore. ras to deLerrnine habitat usc
patterns of RooselelL elk \ ! 'hose home ranges irr-
cluded Lrnlogged forests protectecl within Olvrnpit:
\ational Park (ONP) and a valiety of successional
foresLs result ing lrorn logging adjoining thc park.

Study Area

The sLudv uas rcnducrecl ahng l5 krn of the lor,;cr

Queets Rirer Val lel in and adjacenL to Lhe QLrccls
Corridor of Ol,vmpic National PalL. The corlidor
is a strip of national park land (l 3 km l'ide) that
extends along both sides of the Quccts Rivcr for
approximately 20 krn. liom the inlerior core of
ONP rvcst to thc Quinault Inclian llesen'ation.
The Queers cor.r idor l{as addcd ro ONI' in 1945
1 , ,  p rn lF i  I  r i l ' a r i an  ' , 'mmr r r r i t i . s  r r r , l  r , l j , ' i n i r r g  r r c .b
on the broad f loor of Queets River Val lcy.

'Present address: Resources \oih{esr. In... lll00 ll2th.{re
nue \E.  Ste 100.  Be erue.  t r ,L 98004.
']Present address: Xrangell St. Elias \ational I'arL ard I\e-
sene. P.O. Bor 29.  Clennaler .  - {K 99s8[ ]
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The principal landfonn in the study area is a
broad. glacial out*ash plain thal is prcdominanr
along the soulht'csteln edge ofthe Olvmpic lloun
tain Range (Tabor 1975). The Queets River ha-s cur
into this plain and created a l-2.5 Lm rddc r.allev
f l , , u r .  l he  ra l l . r  I l , , o r  i -  a l n r r t  t , 0  m  i n  . l - r . r r i on
$ilh at least 4 ler.cls of alluvial terraces (Fonda
1974). Valle,v walls cxtend approximatel_v 60 m
I rom r i r he  r . i de  o f  r h ,  r . r l l e r  11 , rn r  r r p  ro  rhe  hn r r r l
glacial outlash terrace (platcau). A majo tv of the
valley floor ancl vallcv t'alls arc r,".ithin Lhe ONP
Queets corridor, whercas the platcaus are within
S ashington l)epafimenl of Natura] Rcsources
(DNR1 and Olyrnpic National Forest (ONF) lunds.

Climatc is marit imc t i th mild. . \ !ct $inters and
cooi. dry summers. Annual rainial l  averdges ap-
ploximatelv 300 cm, wirh thc majori ty fal l ing be,
trrecn (Jctober and Mav. Snorvfall occurs infrc-
quenLl)- and accumulal ion rarely ercecds 30 cm.
Abundant rainfal l ,  moderalc temperaturcs. and
r:oastal fog har'e crcated a tempcrnte rain forcst
ecosystcm in the Qucets Vallel. ancl the three othcr
major vcr drainages on the lest sidc ofthe Olvm-
p i ,  \ ' l , r L r r r t . r i n -  r f  r a r r l l i n . r nd  D r r r r . . s  1 , r73 ) .  t r i r r -
ter temperalLlres liom I Januarv-lO Fcbruar,y,
L987 in lbrested and nonforested habitats of thc
piateau wcrc not significantlv dillerent than those
on the valler' floor.

Vegetation of the vallcy iloor reprcsents seral
- t i ge .  , , f  t h ,  l ' i '  c , r  , i r ,  h ,  n , i '  \ cgF l r t i un  ro r c
(Franklin and D,vrness 1973). rvhich are associated
l ith thc age o[ alluvial terrar:es. soil moisture. and
soil  prof iJc ( londa 1974). Acti le r ivcr channels
that recei\,e frccluent fluvial disturbance support
pionccr deciduous forests (( I0 ycars old) dorni-
nated bv red alder (y'/nru ru6ro) ancl rvillows (Sn-
lir spp.). Thc voungest alluvial lerraces above rhe
active channcls supporl mature decicluous lorests
() 10 vears olclJ dominatcd bv red alder. black
(lotlonn'ood lPopulus tichocorlxr) and bigleaf ma-
ple (At:er mocrop hlllam). Mid-seral conilerous/
decitluous forests occur ol micl-nged alluvial tcr-
raccs and are dominated hv spruce. black cotton-
wood lPopulus tremtLloides) and biglcaf maple (Acer
ntouophtl luml \Fonda 1974). Old-age coniferous
lorests ()150 vears o1d). dominarcd bv Sir la
.prure;rnd rr,  sterrr henrLrk tTsuga heteruphrl lat.
occur comrnonly on the oldesL alluvial terr.aces of
the vallev {loor. Approximatclv i30 perccnt of ma-
lurc forests was sclect ir .eh loggcd between l9l0
and 1945. The corr idor now consists o[ densc.
coni lcrous ibresLs (30-150,v' ears old.|  cornpriscd
predominaDtlv of Sitka spruce and .wester.n hem-

24 Schroel. Jcnkins. and Nloorhead

lock. Vcgetation of thc valle;- floor also includes
55 abandoned homcstcad clearings that range ;n
sizc liom 2 to I 6 ha and arc composed primarilv
of non-natir.e grasscs,

Vegelation o1 the acljoining glac;al plateau ;s
characteristic ofthe I'sugo heteropl4lLa fott'st zone
ol $estern ['ashinpJton (Franklin and Dyrness
1973). t ,nhan'ested old-age stands of westcm
hemlrck ( ) 150 vears old) cover approrimatclv
1l percent oftheir original distr iburion on the gla-
cial plateau. Thc remaining frrrcsts have bccn con-
verled h I 150 year-old, even-agcd lbresls bv
clear-cutt ing and planLing of nursery sccdl ings. or
bl t'ildfire. Onc to 15 rear-old clearcuts are domi-
natcd bv non-native grasses and forbs. as $'ett as
shrubs, inclrrcl ing hucLleberrics and Rudar spp..
and rcgenemting conifers. The majoriqr of t:lear-cuts
r,".ere piantcd with Douglas-lir lPseu.dotsuga rnen-
zierii) or testeln hcmlocL seedlings, titir somc :u.ea.s
conta;ning dense stands oi nalurall,v seeded wersF
ern hemlock. 'l'he 

per<rcnt cor.er olconiferous trecs
in stands 16-30 years old is 100 perccnt. and lhe
conilirrous covcr in stancls 3l-150 vear.s old is 92tr
pcrcent (C. T,. Schroer, \at. l'ark Serv., unpubl.
daul.

No hunting is al lowed vithin ONP. but lrunr-
ing for clk. deer, bcar, and other specres rs pcr-
mitled on other federal. state. and private lands
adjar:ent to the park. Annual legal elk h:rn'ests from
the weslern Olympic Peninsula averagcd 0.22 +
0.03 (SE) elk/km'z l iom l9B3 to I9B7 (Houston
eL al. 1990).

Methods

tre placed radio-collars on L-2 aclult limalc clk
in .1 of 5 hcrds inhabiting the sLudv area. Elk ncrc
immobilizcd $.ith mi\tur-cs of Car.lcntanil or N[99
(ctorphine) and Rompun (xylazine). Movements oI
adult iimales and calves r ithin a herd arc highly
interdepcndent on Lhc Olvmpir: Peninsula (Jenkins
and Starkey 1982. Schroer l987); rherc{ore, loca-
tional data from onlv I adult lcmale in each ofthe
4 hcrds was Lrsed in the analvsis.

Thc 4 herds monitored l,er-c referent'ed ac-
cording to lcEjonal featurcs in each arca: Kellv (K),
Streater (S), Tacoma (T). and Higley (H)). The hercl
s,zcs lrere aplroximatel!  l l0 (K); ,15 (S); 70 (1)
.rnri  :15 lHl. t  he eLl r.  -r.  - trrr l ieJ durinF J -ea-,rrs:
summer (27 Junc-14 September 19f.16); autumn
(15 Scptember-3 Dccember l986); . i ! ' inler (7 l le-
cernbcr 1986--[5 February 1987.i ;  spring (25
I 'ebruary-]9 X' lav l9B7): and calving (20 IIay-



20 June 1987). An adult female of the Strealer

held lvas not radio-collared until earlv summer;

thercfofe. i t  n'as not included in the summer data.

S'e relocated clk b-'- lirst obtaining a gcneral

location b,v rrsing radio-tclcmetry arrd thcn by ap-

proaching to confirm a visual sighting or aural lo-

cation. Locations $'erc not rccorded i f  elk Icre

disturbed prior to detcction. Tr 7 percent of the

rel()alions. r!e uscd remotc triangulation pr(x'e-

dures to locatc clk from distanccs of 150-1.000

m. Alerage location clrors derivcd liom field tt:sts

at lhose dislances \!ere l l0 meters. Al l  locations

,n.r".""erf l6d accnrding to 100 m coordinates . l1

the Unilersal Transversc Mercalor SYStcm. Datd

f rom r ,  r nn te  l r i Jn { : l l l J l i u r r  r ' " n  u . ' d  i n  u_ 'e ' s i n t

\'egetation selcction patlerns onlY ifthe error polY-

Eion \ras completelv !!ilhin a single vcgetation class.

Vegetation selcctic-rn plltterrrs 1t'cre determined

by locating ctch elk once or tlrice dailY on ran-

dom davs and at random tilncs betltecn daltn and

dusk 3-5 davs per week. To help ensure that loca-

tions from the sarne day \\'cre indcPendent, suc_

cessi!e local ions lrere sepdfated bv a minimum ol

three houls. A rninimum of thrcc h()urs was a sul l i -

cienl period for the clk Lo change activi ty or vcgc-

trtion class ill greater lhan 50 perccnt ol

consccutive locations uithin a day.

lndiridual patterns o1 !egetation selt'ollon 1{cr-e

eriamined by comparing proport ional usc of vege-

tation classcs to proportional availabilities o{ vcge-

tdt ion classes $ithin anntral home rangcs ol

indiviclual elk. Annual homc ranges rvere

delineated using 100 percent c()ntoul intervals ol

the harmonic mean Lrtilizat;on distribution (Dixon

and Chaprnan l9{30) using the cornputel Progr; lm
I\L:PAAI- (Sturvc and Bloharviak 1985) Vegeta-

tion classes ircre mappcd t'ithin home r-anges on

1:2,1,000 scale basc maps using scrial photo-

graphs. DNR and ONF timbcl rranagcrnent maps.

ortilrphotoglaphs. and licld rerilication. Availabil-

ities of r,egetation classts $'elc measurcd using a

digital planirreter.

We testcd nul l  hvpothescs that elk used vcge-

tation classcs in prop{rrtion to a',ailability using Chi-

square tests and family conficlence intervals based

on Bonferroni Z-slat ist ics (Neu el al.  1974). A

legetalion class t'as considercd selecled $'hcn

proportional use cxceeded availabilitr (famil,vlevel

P < 0.05). and was considered aroided l ihen usc

was less than availability. Statistical tests could not

be conductcd *'hen thete l'as no docurnented use

of an available habitat typc or topographic area'

although those t,vpes ol areas \!cre considered

avoided. Vclietation habitnt use could not be

stdtisticallv determincd lbr calving season due lo

the small  sample size and largc nrrmbcr (12) ol

habitat tvpcs (Koehlcr and T,arntz l9B0)

Results
Radio-r'ollarccl clk selccted tirc valle,v floor during

al l  seasons cxcept 1{inler (Table I}.  During I in-

ter, elk genelally used vallcv floor and plalcan

reg ions  i n  p rup , , r t i on  l u  . r r a i hb r l i t . '

During summer al l  radio-col lared elk seLected

maturc deciduous forests () 10 years old. Tablt

1). Addit ional ly. ool lared elk tended to sclect

coniferous/deciduous fbrcsts and olcl homcstead

fields. although those trends t'erc significant ibr

only one of thrce collared elk All collared elk

avoided l3I- 150 year-old conifcr stands on the val-

lcv f loor. and also I -5 and 16-150 ,vear-old coni-

fer stancls on the plateau. Old-age ( ) I 50 ,vears
old) Sitka sprLrce forcsts on the vallev lloor t'cre

us(l in proportion to availabilitr-. but old-age Nesr

ern hemlock forests on the plateau *er-e avoided

during summer.

Each of the radio-collared elk conLinucd to se

lect mature deciduous lorests ()]0 years olcl)

throughout autumn (Tablc l). ddditionall,v, 3 o1
,1, elk selected coniler'/deciduous and old-trge

sprucc forests on the valley-' floor. All scral stages

available to clk on the platcau werc generallY

avoidcd during autunn.

During rtinter. all radio-collared clL selectecl

6-15 I'car-old conifer stands on thc plateau (Table

l).  Tncreased use of 6-15 vcar-old stands cor-

rcspondcd nith dccreasecl use of malure dccidu-

ous lbrests (> l0 ]ears olcl) and coniler/deciduous

forests on the lallev 1loor. Two of four clk con-

l inued to select old-agc spruce loresls on the val-

ley floor during t'inter. Elk tended to aroid l-5

and l6-150 vear-old conifelous slands on lhe val-

ley plateau, and they Elencrally Lrsed old agc $est

ern hcmlock forests in proporlion to availabilitl.

Dul ing spring. elk use of 6-l  5 year-old lbrcsts

diminished vhi le use of maturc deciduoLrs {bresls

() 10 -r ' 'ears old). coni ler/dcciduous forests. and

old homcstead {iclcls incrcased on the 'ialleY floor

(Table 1). Elk used old-age spruce forests on the

!allcv Iloor in proportion to a"ailabilitv during

spring. and avoided l-5 and l6-150 lcar-old
coni{crs on thc Plateau.

Although sdection patterns could not be evalu-

ated statisticallv cluring the shorL calving season.

use of conifer/deciduous foresls on thc .vallev floor

Habitat Sclection in a Temperate Rain Forcst 25Etk
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and l6-30 vcar-old coni lcr stands on the plateau
appeared to incrrasc dLrring c:r lving ( l  able 1). Lse
ol old homestead fieJcls ancl olcl-age spruce fcrrcsts
rr-'rnaincd high cluring cdling. r,".hereas use of ma-
ture deciduous frrrests () l0 ,vcars okl) clccrcrscd.
L sc of l '5 veu old. I6-L->0 year-old. and olcl-age
conifer stands on the piateau lenrained Llr dur-
ing cal l ing.

Discussion
Vallcv bottoms and riparian areas :rlong the QLreets
Rirer *ere kev habitats sclcttccl by elk vear
arouDd. Nlature deciduous foresls and crrnifcrous/
deciduous stands appeared to be importanl forag-
i ng . r r " . r -  ' , f  " l k  d r r r i r r g  a l l  . " a - " r r -  e \ ,  d l , t  $ i n t c r .
Tn gcncral, tlcciduous lbrests contain abundant for-
age frrl elk in conrparison to conilerous ibrests of
similar ages (Frankl in ancl Petienac l968). [ ' la-
lurc dcciduous folests in our studv area contained
)9i> percent ground covcr (C. 1,.  Schroer. Nat.
I 'ark Serv. unpubi. data) of imp{)rtant clk forages
in the repfon (Lesl ie I9B2). Research o[ othcr clk
popuhtions in westem S'ashington and Oregon
and Vancouver lsland. B.C. also documented elk
- - l e ,  t i , , r r  , ' f  ' l - ,  i , l ' r , , r r  l , r ,  - t s  . r n t l  r i p l f i Jn  l l r c r i -
(Brunt er al.  I989. Coopel l9{}{t .  Schrocr 1987.
Jcnkins and Starkcv 1984. Witmer and deCalesta
t  9 l t 3 ) .

Evcn-aged conifelous stands less than 150
rc s old rccri \ .cd l i t t le use by elk. except dul ing
nintcr. r'hcn 6- 1 5 vcar.old clearcuts were selected
b1" al l  elk. Stands that u,elc 6-15 ycus old con
tained the most abundanl folage (780i ground
rrrvcr) ofanr cven-agcd coni{crous stands less th:rn
150 vears old ((1. L. Schroer. Nat. Park Scr-r.  un-
publ. data), r 'hich mighL ha, 'e contl ibutecl to thcir '
sclect ion. Conifelous stands approxirnatelv 10-25
vcars oltl in southeast Alaska also had the greetesl
abunrJancc of foragc cor.er of all -seral stages (Ala-
back l9{32). The habitat bencfi ts of6-15 _vcar-old
coniferous stands. ho$e!er. are shor' t- l ivecl.  Onlv
10-15 percent of a 60-90 ycar cutt ing cycle would
include that age class. Succcssion ofvoung conifer-
ous stands to pole-sizecl ancl mittLrrc stands rcduccs
forage r luanti t ,v. and typical l ;-  thosc slands pcr-sist
lor approrimatelv 75 vears (Bij0/o) of r 90-vear cut-
t ing cvdr- ' .

Thc majoritv of radio-collaled elk selecLed olcl-
age spnrce for-esLs on lhe r.allc,v floor during au
tumn and winter. and general ly aroided olci-agt:
l,".cstcrn hcmlock {orests on the plateau except dur-
ing n' inter ' .  Reasons 1br the disclepan<rr among
sdcction ofthcse old-age habilrt tvpes are not clear

frorn our dala. but uncloubtcdl,v the_v stem liom
diflerenr,es in landscape pattcrns and fora€ie
productivit,v in the 1$o phvsiographic zonrs. Prox-
imitv of old-agc Sitka spruce lbrests to preferred
deciduous ibrests in the,'allev floor nrav har.c cn-
hanccd usc of those coniler stands in boltornlands.
Additionallv. although we did not attempl to meas-
ure differenccs in ftrrage abundance among old-
age fofest associat ions in the Queets Vallev, cover
of prelerred lorages ol elk differcd apprcciably
among cJimax lbrest associations in the nearbv IIoh
Vallev (Srnitb and I lcndcrson 1985). Other habi-
tat benefit-q allributed to olcl-age forcsts include:
snon' interception and a-ssociatecl energetic bcncfits
during winter (Jones 197,1. HaresLad el al.  J982,
Parkcr et al 1984. Zahn 1985); greater nLrtritional
clual i tv crfbrotsc {H appe et al.1990). and abun-
danl forage (Alaback 1982). Addit ionat researctr
clcar\' is needed to determine influences of sitc
qualit_,_. forage prrxludion, dnd for'lrst stnlctural
characterisl ics on elk habitat attr ibutcs dnd selec-
t ion among old-age forest associat ions.

Management lmplications
(lon,'ersion of old-age conifcrorrs forcsts in manl
aleas of the Pacilic Northwest has created cxten-
sile even-agcd stands less than 90 vears old that
a re  e ro i Jed  l ' !  ' l k .  T imh . r  mJn r€ r .  mcn t  p ro je . -
t ions indicate that by the vear 2030, more than
65 percent of the total area oI commercial forest
lands in western Washington and Oregon will be
betrveen thc agcs of 30 and 90 years old (Harris
I9B4), and olcl-age r:onifcrous forcsts l ' i l l  cover
iess than l0 percent o{ their origirral arca (Frank-
l i n  e t  c l .  l 98 l ,  H t r r i s  198 ,1 ) .

The increasing preralenr.e oI l6-90 ycar-old
cvcn-a€ied stands poses a signif icant problem for
managcment oi some elk langes in the Pacific:
North$'esl. Extcnsivc cven-aged conilerous lbrests
general lv do not qrnlain lhe intcrspcrsion oi for-
agc and colel aleas recommenaled bv elk man-
agels (S' i tmer et 01. l9B5). Wc recommend that
comprehensive management plans bc der.eloped
on a watershed or sub-watelshcd basis, includinpl
state. pl i late. and federal lands, kr cnsure long
tcrm ar.ailabfih ofprelerred ell habirats r,irhin the
managed forcst.

Forcst management in vallev lloor ancl ripar-
ian areas should be crnductcd in a manner that
p ru l c . l -  r nd  e r ' hance -  p r . f " r r ' . d  ! i  e '  l i r l i un
habitats. cspecially mature deciduous lorests which
arc kc,v habitats for elk during most seasons. Old-
age conifcr-ous bottomland lbrests should also bc
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protected on cdtical autumn and n'inter rrnges.
Whcrc old-agc forcsls cannot bc retained or re-
established, uneven-aged management r,".ith lcngh,v
cutting rotations of over 150 vears ma_v be required
to recreaLe a favorable intcrspersion of co!er an.l
lora€te.

NI:rn,v additional silvicultural practices such as
non-commcr-cial and commcrcial thinning, shcltcr-
i{ood culs and small patch-cuts (i.e., I 5 acres)
have also been proposed as means of improving
habitat interspcrsion and foragc procludion in
second-groi{h. even-aged lbrests (Bunnell and
Eastman 1976. l lal l  et ol.  1985. Witmer et dl.
l q8 l l .  P r ' ' cn rnmerc ia l  t h i n r r i ng .  hn r re re r .  i -  t yp i -
callv not effective in improving for:rgc availability
for elk. ber:ause resulLing sla-"h depLhs oiten inhibit
undclstorv production and clk movcmcnts (Carri-
son and Smith 1974. Bunnell and Eastman 1976).
Additionally, precommercial thinninpl oi vounpler
stancls t_"_pically opcns ovcNtorr canop;cs and in-
creases l;rage cover fbr onl,v relativel,v short
periods {i.e.. 5-10 ,ve:us) depencling on thc numbcr
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