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Snag Recruitment in Subalpine Forests

Abstract
Inilrmation on sn ag loc ations rndclen\ities is usciul ior anaging m.Ln! species of wildlilc. Usin g a conrhi n ation of bek transect\.
lired pld\. and acrial photographs, $e recorded \nag \pecies. locaiions. and causal ugenls ol lrce morlality in subalpine fofests in
the lndd {alcrshed in \Ushrngion St.rre. Thc o\,cral1 snag den\ity (aLi standing dcad lrces) !las 5l per hectare. Subalpine fil
t l l ,n , '  ldJtx"r?d) aod lodSepole piDc (Pi ,xr ! . , , t ,1d) $rerethemosl  coln lnspccics ofsnags.  Weathef-re lated efecls cre lcd
norc snags than an! other disluftancc in the period bel$een stund rcplacing fires. lhe densit) of doninanl and codorDinal(
snags did not differ b) .r\pect or slopc carcgories. but the densily of inlemediatc and suppressed snrgs wrs highest on stccp soulh
iaciig slopes. Snxg den\itie\ $efe lov\csr in stand iniriati()n and open sGm cxclusion struc$rxl stages. N{(ne siud} is nccdcd |.)
detemiic il tirc histor) dar.r conbmed \!irh acrial photo interpretati(D ofter I potcnlial cthod of eslim.rling snag densities ir
subalpinc lbrcsts.

Introduction

Size, densil). and species of snags uc among the
numerous lactors intluencing local abundance of
many species of animals and birds. Snags serve
as sitcs lbr roosting. nesting, denning, and forag
ing. Snag species irnponant to wildlife have been
identit ied (Parks et al. 1997) and recomnenda
lions for snag density levcls have been proposed
tbr ti)rcsts in the intedor Pacitlc Northwest (Tho
mas e t  a l .  1979.Bu l l  and Ho l thausen l993,Batc
1995, Craig 1995, Evans and Martens 1995). To
pro!ide snags over time. several authors suggest
desigrating specitic grcen trees as snag replace-
ments (Bull ct al. l980.Cimon l9lJ3. Schommer
et al. 1993) or developing techniques to create
suitabl! decayed living trees (Parks et al. 1996).

Hu\ \  a  l re (  d ic .  in l lucn .c .  i t .  longer i t l  us  r r
snag ard its usefulncss to rvildlile (Bull et al. 1997).
Snrg longcr,ity is site and species-spccific (Keen
1929). and is increased by larger bole diameter
and shorler hei-qht (Raphael and Morrison 1987).
Wildlire is an important causc ofsnags. Although
historicalll corlmon in lower elevation tirrcsl lypes,
wildfires are intiequent in subalpine lbrests. The
lire return inlerval oflbrests in the Pacific North
$ est is 250+ years tbr subalpinc 1ir plant asso-
ciations, 100 to 600 ycars for Pacitic silver tir
(.Abies anmbilis) plant associations. and 500 to

l500 years for nrountain hemlock (fsugrr
nrcrtetrsiana) plant associalions (Agee l993).
When kil led by fire, thin-barked species such as
Engelmann spnrce (Picec engelnanii). lodge
polc pine, and subalpire 1lr dry quickly (Bull 1983 ).
making thcm resistant to insects and decay fungi
(Pirry et al. 1996, Hadfield and Magelssen 1997)
and increasing their longevity as snags. In most
lbrests, prthogens and insects break down far more
biomass thrn do fires (Hagle et al. 1995) and con-
sequently contributc more snags over the course
of stand development.

Studics on size. r 'econmended densities. and
wildlife use of snags in the Nofihwest hirve li)-
cused on low and mid elevation forests
(Mcc le l land  c t  a l .  l979 .Bu l l  l986 ,D ixon 1995.
Bevis 1996. Steeger and Machmer 1996. Bull ct
al. 1997, Saab and Dudley 1997). presumably
because this is where mosl lree harvest occurs.
H uerer .  . t tba lp ine  l i r re . l . . r rc  c \ l cn \ i !e .  (u \e r
ing over 1.,100,000 ha in the Cascade Mounlains
ol Washington State. Although Thomas ct al.
(1979) recommerded snag densitics fot nulnet
ous planl communities including subalpine fir. the
recommendations were based only on thc biol-
ogy and likely occurence of species of u,ood-
peckers in a specitic plant community, and they
did not consider causes of coniler mortality and
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the impo ancc of snags 1o orerall plant commu-
nit)' d)'namics. Our objective was to document snag
recruitment p()cesses by analyzing thc relative sizes.
densities. causal agents of mortality. and species of
snags in subalpinc firrests. This infomtation will
provide baseline data on snag availability in high
elevalion forests and may providc useful insight for
developing snag management sffategics.

Study Area

The study site is located in subalpine forests of
the Entiat Ranger Distdct. Wenatchee National
Forest. on the eastem slope of thc Wuhington
Cascade Range (Figure 1). Subalpine forests
encompass 32.923 ha of the Ranger Distdcl.
Glacial troughs are the dominant landti)rm ofthe
sludy area (USFS 1991). Trough walls are the
upper side slopes ol glaciallv eroded U-shaped
vallels and are underlain by bcdlock, often with
bedrock outcrops. Trough bottons arc mantled

by glacial t i l l .  avalanche debris, and colluviun.
Till has a sandy loan or loamy sand texture, oc-
casionally with volcanic ash and pumice. De-
posits oftill. ash, rndpumice arc thickeron northen'r
and eastern aspects, and thinner on southcrn and
westem trspects. Slope rangcs fiom 60 to 90 per-
cent on uppcr trough walls and l0 to 35 percent
on trough bottonrs. Avalanche palhs are oont,
mon on glacirl trough walls. cspecially at higher
eJevations (Holdorf and Donahue 19901.

Elevations in the study area range from 1280
to 2150 m above sea level. and mean annual pre
cipitation in the sludy area is estimatcd to range
fiorn l00to 230 cm (T. R. Lillybridge pcrs. comm.).
Subalpine lbrests in the upper Ential watershed
arc classilledinto five majorplant series: whitcbark
pine (P. albiccutlis). subalpinc larch (1-arr,t ll.rilli),
subalpine fir, mountain hemlock, and Pacific sil
ver f ir (Lil lybridge ct al. 1995). The western-
most forests ill the study area are in the Gltrcier
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Figure L Locatlon ol \tud,- ea in the Ertial walcrshed. \tnarchee \alional Fofe\t.
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Peak Wilderness Arca. Renaining fbrests have a
low road dersity and a history of l i tt le t imber
hrrvestin,e. Mosl forests within the study area
have not burned for at icasl 100 ,vears.

Methods

Aerial photographs taken in 1992 at a scalc of
l:16.000 were used k) dclineate polygons. clas-
sit ied by predominrnt aspect and slope catego-
rics. Eighteen polygons were randomly selected
tiom a total of93. The area representcdby these
polygons is 5.686 ha. Stand types \\"ithin poly-
gons \vere subjecti!ely classil led by cro*n den-
sity and whether c|owns had single or nlult iple
layers. Aerial photographs were also used to as-
sign stand types to one of sevcn stmctural stages:
stand initiation, open stem exclusion, closed stem
exclusion. understory reinit iation. young multi
stata. old fi)rcst nlulti-strata, and old fbrest singlc-
stratum (Oliver 19U1. O'Hara et al. 1996). Poly-
gon and stand type boundaries were dra\\'n on
l:2:1.000 scale black and white USDA Forest
Scrvice resoulce orthophotl) quadrangles.

Both belt transccts and cilcular fixed area plots
were used to collect data. Five 9.1 m u'icle belt
lransects were esttblishcd in each polygon and
$,ere orieDted to closs aJl stand t,"-pcs within each
polygon. beginning and ending at polygon bound-
aries. Belt tratrsects were of variable lengths and
compass bcariltgs. The lbllorving clata were re
corded in each transecl: conifer species and crown
class of dead trees; starl ing and ending distances
ofstand types encountcrcd along the transectl and
whcnever possible. agent(s) responsible for mor-
tality. Crown classes were assigned according 1o
rhc following criteria (Olivcr and Larson 1990):
dominant tree cro\\,ns that extended above the
general Ievel ofcrorvn canopy and u'ere not physi-
cally restricted from above. and only slightly
cro\\,ded by other trees on the sides: codominant
trees crowns that were part ofthe general level of
crcwn stratum, not phvsically rcsticted fiom above.
and mole or less crowdcd by other trees tiom the
sides: intermediate trees were shortcr but their
crowns extendcd into the general level of donti-
nant and codeminurt trccs. werc ftee tiom physical
restdctions tr-om abovc and quite crowded on the
sides; suppressed tree crowns were eDtilely be-
low thc general level of dominant and codoml
naDt trees and werc physically restricted tiom
immcdiately above. All agents potentially con
tdbuting to meftrlit), rvcre recorded 1br each dead

tree. and a determinrtion \\"as nladc of the pri
mary rgent rcsponsible. For example, the pri-
nary agent fbr .r tree with cvidence ofboth mod
crate to aggressive root disease and bark bcctlc
galleies was determincd to be root disease. One
fixcd 0.02 ha plot was established where a belt
transect crossed closest to the center ofcach stand
type. Diameter at breast hcight (dbh) and crown
position were recorded for every live and dead
ffee in each plot.

The Kruskal-Wallis nonpanmetfic testwas used
to test two hypotheses: 1) Thcre is no difference
in snag density among six slope and aspect cat-
eg , ,nc . .  rnL l  l r  Ther<  i .  t to  d i l ' l e re r r .e  in  :n .Lg
density among structural stagcs. Statistical tests
were perfirnned using Statistical Analysis Sys-
tems softu,are (SAS 1997).

Results and Discussion

A total of 6629 snags was recorded along 1,12
km of9.I m widc belt transects, representing |30
ha. The overall snag density was 51 pcr ha. An
additionrl 329 snags were reco|ded in 77 tixed
areaplots. Snags were combined into two groups
based on similarit ies in dianeter: doorinant and
codoninant snags, and intemcdiate and suppressed
snags. Mean dbh 1br doninant and codoninant
snags was 32.5 cm (se=17.6). Mean dbh firr in-
termediate and suppressed snags was 14.l clr-t
(se=10.E). The majority of the snags (83%) oc-
euprcd  dumin ln l  o r  co i r  r1n in1n1 c r r  ru  n  po . i l i ons
reliitive to thc surrouDding trees.

We re.jected the hypothesis thrt therc is no dif-
ference in snag densitl amon-q six slope and as
pect cirtegories. The nun.Iber ofintermediate and
supprcsscd snags per ha (Table l) was signifi-
cantly ligher (p < 0.05) 1i)r stccp (> 50%) south
facing slopes. which had a preponderance olrela-
tively pure. dense lodgepole pine stands. than fbr
othcr slope and aspect categories. Thc number

l \ l t l  I  L  S r . t . f . r h e i r . r ( b \ r . D ( . r  ' n J . l . a c i r  ' \ \ . . r o { "

c l tss calcgol les

trt SloDe
10 30i

DC IS
30 50% 50+%

DC IS DC IS

norfi 36 5 36 7 11
\oulh .17 -l 18 9 51

1
t l .

DC=do inallt + codomin1tnt. IS = intermedi.rte +suppr.sscd
's igni f ic |nt l ]  d i lcrcnl  l rorn other 1S \ 'a l  es ( f<0.05)
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of dominant and codominant snags per lta (nrble
l) did not differ significantly by aspect and slope
categories (p = 0.7.14).

Wc also rejected the hypothesis that there is
no diflerence in snag density among slructurrl
stagcs. Less than I ha in the study rea was clas-
sified as old forest silgle stlatum. Theretbre. data
tiom oldforest single-stratum and old lbrest multi-
sfata were combined. Snag density was signifi-
cantly different among the six stmctural stages
for both the dominant and codominant snag cat
cgory (p < 0.01) and the intermediate and sup-
pressed snag category (p < 0.01). A majority of
the total snags ([il37a) rvere found in:1 structural
stages: closed slcnr exclnsion. understory
reinit iation. young multi-strata, and old forest
(Figure 2).

Although subalpine fir ancl lodgepole pine rep-
resented the najority of snags (Table 2). it is un-
k rr, 'u n rr hcthcr ot nt,t th(.:e l$ u \pecies rrs morr'
Iikely to form snags than othcr species because
the total numbers of live stems oI the dift'erent
species was not recorded. The larger subalpine

. dominant-codominant

. intermediate-suppfessed

fir ancl lodgepole pine snags are suitable for sonre
cavity nestcrs: a te\\" species such as dou'ny
(Pinides pubestensl and three toed (P trl./.lct_y1lr!)
woodpeckers seem to prefcr srnaller trees (Bull
et al. 1997). Both of these trec species are also
impoftant to firraging woodpeckers (Parks et al.
199',7).

Weather-rclated effects crcated mofe snags than
any other identit led category (Table 2). In subal-
p inc  lb re ' t . .  ' , r c r ther  rn : ,y  b<  the  rn r r . t  c , rns i r ten t
agcnt that creates snags between stand-replace-
ment wildfires. Most of the snags killed by rveathcr
had the live crowns removed by slou,, wind. or
1ce. Bull and Partridge (1986) report that remor-
ing the l ivc crowns of trees with explosives or bv
cuttlng produced snags that stood a relatively long
time and received the greatest nest usc by u'ood
peckers. Top breakage allows relatively slow dccay
lion the point of breakage downrvard and low-
ers the chance ol windthrow. ln contrast to trees
killed by wcather, trees killed by rq)t pathogens
probably stand the shortest amount of time be
cause the decayccl roots are likely to fail.

p 3 5
a

E . o
8. 25

S z o
v)

l5

I

ofym
Structural stage

Figurc L Smg den\iN l]er hectarc lor lro cro$,n clals calcgories by structural stagc: si = stand inirjatjon. ose = open srcnr
c\cluli|)lr, cse = closed stcnl crclusion. uf = understorl rciniti.rtion. \'m = ioung nultisrmta. of = 01d ibrcsr. Veftical
bars rcprc\cnt standrrd effors of thc merns.
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TABLE L I)islurbance lgenr\.rfieciing corrilcr\ in t$o cfo$n clas,i caregoricsr nunbers of\nrgs per 100 hcctlres

Specie\ \Ve.rthel
D C  1 5

R , . r  B , . r ( ,  D \  I r
\  | L  I  J :  . r -  r  '  . r .  r .

DC TS I]C I:  I [  IS DC I)

tsark Other Suppresscd Tot.rl

l ie  le.  r -  .c .  . r  r . l j t ln . ,u |  .n.  ! .
DC IS DC IS DC IS DC 15

1_-.gclnlnn

Subalplne
tlr

Lodgepole
pinc

Dougl i \  l i r

\ \h i icbrrL
pinc

Subalpi ] lc

Pr!ilic
s iher l i r

lvlountain

Othef

Ull}tnosn

t 0 l 7 l  i 0  3 t t  t l

-178 65

251 25

t 2  5

2  1 1 6

I l . l5

)9

2 8 ,

I  238

I 1

3 329

3 l

l : l

I

1 5

5.{

- . 1

3 67.1

l 5 , l  6:8 167 1259 2.11

,t23 169 l l90 357

I  : 6  l :  r 2 t  1 9

87

12  18  5 t  r - l l 3

r8

l l  I  19: .11 6l I  I6a)

-+t l0 98 r-5

t l 7 lEb iL)

16 l

1 9  1 5

I U

l 0  l , l

l 5

8 1 6  1 . 1 8

1

t

r9  511

- l

i 1

)2

. l l  l -rc)

2 l

, l l  12

.t.t l

I  I  1579 536

t9

I  rr ,  l r2

I

.1.1 1,19 9 l  t o l ,12l , l 8 9 1

IXI  = dorninant  + codominanr.  lS = inrcrncdiare + sut t re\sed

Bark bcctles kii led at least 67:l trccs per 100
ha, cspecially tirvoring the t*rr pine species and
Engelnrann spruce (Table 2). Trees killed by bark
beetles ale successilcly colonized bv a vaicty of
insects and fungi, and provide unique habitat (Parks
and Shaw 1996). Notable among thc colonize$
arc lungi that decay sapwood, rnd wood boring
insects.

Subalpine fir. lodgcpole pine, and whitebark
pine had the highcst numbers of trees Lhat died
tr-om suppression or undetermined causcs (Tuble
2). Subalpine tir ki l led by insecls or root parho-
gens dcteriorates rapidl)' after i1 dies and the signs
and symptons ofcausal a-qents are soon lost. Much
of the loclgcpole pine moltality l istcd is probablv
attributable to suppression. because overall..1.17c
of the lodgepole pinc snags $ ere in the stenl cx-
cluslon stagc. Rodents chew the cankers on
whitebark pinc produced bv white pinc blister rust
(Cronarrittn rihicola) (Mielke 1935, Hoff 1992),
c l l c i t i reh  femn\  ing  e \  idcn( . , , l  in lec l ion  in .on tc
cases, so it is rcilsonable to assume thal thc inci-
dence of mortality l ion white pinc blister rust is
cven higher than indicatcd in Table l

Snag creation is a combinarion of individual
and episodic events. The size. intetrsity. typc. and
fiequency of disturbances affect lbrcst develop
rnent and composition (Whitc 1979, Gray and
Franklin 1997) and also al'fcct snag densiry. Dis-
turbances such as fire or bark beetle outbreaks
create pulses ()f snags at specific Jandscape loca-
t ion . .  Tn  th i .  r ruJ) .  ue  |ccorJed leur . r .n r ! .  in
lhc  . land  rn i r i i r r i r rn  rnd  oper r  . l c r r r  e r i lu r io l  . t r r re -
tural stages than nightbe expected. Possiblc rea-
sons include reburns, r 'hich u'ould significantlv
reduce .n lB  dcn . i t ie \  in  the  . land  I  n  i l i r l i i ,n  . l i t i c .
conifcr encroachmeDt on alpine meadows, and
unusual weathcr such as high winds or heavy wet
snows that may have reduccd the numberofsnags.

This srudy iclcntified strlctural stages fiom aerial
phoklgraphs and lrom crown class informalion
collected in ground survcys. A Iogical follorv-up
study is to detenninc whether sffuctural stages.
crownclasscs, andvegetationtypcs identifiedfrom
aerial photogmphs can be combined with fire his
tory data to provide areasonablc estimate ofsnag
clensities in subalpinc forests of the Northwest.
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