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Introduction

California rcd-bacLe d t oles (Clet I uionoml s t:ttlifor-
nirtzr) are endernic to lorests i l l  weslcrn Oregorr
and norLhtcst ( ial i lornia (Alexander and Verts
I992). Some invrist igators suggcsted rhat ( ial i for.-
nia rccl backcd voles o(.( u[ more frccluentl_v in ma-
ture clo-ccd-canopv fcrrests with little undcrstorv
de r . l , , pmer ' t .  . r r ' , 1  - "1 " " r  f , , r  l r . r L i r a r  t h . r t  i , c -  . i g -
nilicant arnounts o[ coarse rvoodv debris (Tevis
1956. Cashwilcr 1959. \ ' lascr i9[ l  l"  Doyle 1987.
Comez 1992). or grcater food resour-ces lnvpo-
geous frurgi.  f l rc and Maser 1982). Othcr inresti-
gators did not detecL a dif ierence in abundancc of
{lnlifrrrnia led,brckr:d voles bch{een voung and
nlclcr forests (Aubrev et o1.1991,. Corn and Bury
1991. Cilbclt  and Alhl ine 199l).  Ho.wever, voung
sLands eraminr:d in the lattcr stu. l ics \ \ ,ere natu-
lallv fegcnerated aftcr lire. and the atrthors sug-
gestcd that Calilbrnia rcd backed voles mav
responcl rJi f ferentlv to managcd second-grolth
- l . r I l -  l l r , r l  o | i ; : i r ' J t , , l  l r o m , 1 ,  r r e r r r r i r r ! - .

Thc controrersv over extcnsive harvcsting of
Pacillc Nonhwest lorcsts {e.g.. Thomas ct ol. l98B.
tsooth 1991) has led to extensivc investigal ions oi
wildlili associated *ith older forests (e.g.. Ruggiero
et o1. 1991). In this papcr. t 'e report our l indings
on thc abundancc and habitat associat ions o[
Calilbrnia rcdJracked voles in young and old
grorth lbresLs in the (iasr.arJc Range in ccntral Orc-
gon and discuss our l indings in relat ion to prel i-
ous studics ol this species in unmanaged (ndtural)
\  oung sLands.

266  \ o r t h l cs t  Sc iencc "  Vo l .  68 .  No .  4 .  1994
illr 199.1 lL thc \.nlr*erl Sci.nrifi( A.srrirlior All rshts r.{\eli

Methods

V e selccted 5 ,voung (30 to 60 1.ears old) and i>
old,grorvth ( ) 400 vcars) lbr.esr stands in rhc Blue
Rir.er and McKenzie Ranger districts, S illanrctte
National Forest. loc:rted in tlte central Oregon Cas-
cades. Stands werc dorninatcd hv Douglas-f ir
(Psued,otsugtr nrerxierii.) and wcstern hernlock
\Tsuga heteroplqlLa). SLands r,".ere behlcen 37i> and
900 rn elevation; slopes ranged lrom l0 to 600/0.
OJimatc in this region is characterizecl bv mild. rlct
winter-s and warrn. dry sumrners (!ranklin and Dvr-
ness 1973).

Foul of thc' 5 voung slimds resullcd iiom plant-
ing altrr clear-cutt ing; the f i l ' th stand was natural lv
r ,  pp r ' . f a t ,  d  r f t e r  r  u  i l r l f i r ' e  i r r  l a  lB  tT ,  ,  n . r n . r
1 987). Threc of the 4 stands thaL wcre planrtd fol,
brting hanest rtcre broadcast burned. 'l'he 

records
frrr thc iburth stand tere incomplerc. Si lviculrural
treatmcnts of Lhe 4 planled stands r,aricd from in-
tensive dcar-cuttings t'ith no rcsidual largc tr.ees
to those l i th some large trces retaincd (1.2 Lrr_'cs
) 79 crn diameter at br.east hcight (dbh)/ha). The
5 old-gro*th stands ncre not loggcd preriouslv ex-
r , . p t  l i r r  -m . r l J  . r r " a -  r ' h ,  r ' e  a  i . r '  i n J i r i , l ' r : r l  i r " " -
had been salvagecl: (590 ol thc brsal arca rras
r . r n , , r " d .  D . t l i l .  o l  - r r nJ  h i - r o r iFs  . 11e  g i r c r r  i n
RosenbcrpJ and Anthonv (1993).

['e estab]ished 10 X 10 lir,e-rrapping grids (3.2
ha) in each of thc l0 srands. Each grid consistccl
o1 100 Sherman l ir .c-traps (7.6 X 7.6 X 25.1 cml
spaced at 20-m intcrr.als. Traps lere baited l i i th
u l l l -  J r , l  f . l l r r u t  l , r r t t n r  end  - ,  t  l o r  B  , , , r r - ee r r t i f



nights on 2 gl ids (I  old and 1_-vourrg) simultane-
orrsl l  for 5 lrapping scssions each lear dul ing Apri l
t . ,  June. I988 91. ( iaptuled ( ial i iornia rccl-backcd
r,oles lere toe< l i l rpecl lc- 'r  individual recognit ion
und rclcascd.

Sic Lrscrl  ncslr- ' r l  circular- l) lots modil iecl l iom
' t ' i . -  a  o l .  r l o B B r  l .  - r r n r p l ,  r , ; '  l r r l i u r r  . r l
l l 0 -  120 -n r  i n t ,  n . r l -  ' .  r r t ,  r ,  , l  J l  l r r t '  : r r l i , , ' , - :  r
LoLal oi jJ29 plots was sampled (approrimatclv 33
pfr sland). -Sa",plcs tu,: . , :  col l t- 'ctecl dLrr ing JrLlv-
September l9B8 lrom a 13-h:r gricl  that int lrrdcrl
lhe trapping grids; this l:rrgel grid lras usccl in
snrdics ol northcln f lving squirrcls (Rosenberg and
Anthon1 1992). ln order to reducc thc numbcr
of vegctat ion r ariablcs or- igina1lv nrcasured (Rosen-

berg l99l).  ue selected Lhose that \ !e bel ieved to
be mo,.t  importrnt biological l ,v to Cali fornia red-
bacled voles. \umbers ol largc (>50 on di-
am{rt( r) trees. snags (> 1.5 m tall). and iallen trees
(course loodv clcbris) l 'crc lccordcrl  in 0.12-hLr
(20-rn-racl ius) plols cenleled at 40 m lnteNals.
Srnaller trees 15-,19 cnr dbh) antJ coaNc !'roody de-
bl is (25-,:19 .rn diameLer) r! 'ere measlrred in
0.05-ha (12.6 m-racl ius) plots. S'c lccordcd the
-rpecies and diarneLer nt breast height (dbh) oi Jivc
lrccs anrJ snags: l i th coarse wood.r_ debris. r ' !e
rccordcd thc diamctcr (rrcan of the 2 errds). olr

barl renraining. .rnd the percent ofthe sluface that
$,rs charred. Volumr of coar-sc r lcxrdv debris (nr)

\\'as corrpuled for lallen Lrees 2 25 cm in diarneter
r R o - e r r h e r g  l q q l r .  U ,  , u m p . r t , , 1  t l r ,  p f , ' t , , r t i , , ' l
of lhe .oafse uoodr-debris volurne lhat n'as corl
siclcrccl in a lalc dccav slale ( o hafk rernaining)
and tht '  proport ion of thc numbcl of oLrscr-\ 'al ions
of coarse woodr debris th:rt  \ras not charled.

Pcrr,cnL corer of LlndersLor\ '  plants. €i lound
coler ol helbs. l ine woc,dv debris (<25 on di
amdcr). an{l  Inr)ss $as esl imaled \ isual lr  in l l  I-m'
quldrats rdthin the circulur 'plots. Thcsc wcrc
placed 4 and 7 nl from the lrtlp strtion along each
crldinal cl ircct ion. S e cal.Lrlated Lhe mean ofthe
values l ;onl thc B quaclrats and uscd thcsc dit la
in our analvscs. Tn thc same quadrals. ofganic soi l
depth 310 r:m (including l i t ter) r\ ,as mcrsulcd to
thr nrarcsl I  cmr grcalcr dr:pths lerc recorded
as ) 10 crn. fhe median value ol soil clepth from
thr'8 s.rrnples ras Lrsed in the anahses.

Statistical Analyses

We r'ompared the nurnber ol voles captured he
tween sturd agc-classcs l i th a spl i t-plot anal_,-sis

ofrariance (Sok:r l  anrl  Rohll  I981:39.1) r, i th stand
nested r,rithin stand agc-class rnd vcar ($hcrc ap-
propl iatc) as the error term. l iJe used t ire number
o{ individuals captrrrcr l  as i l  measure of relat ive
ablrndance. l 'his nrethod tas usccl rathcr lhan cs-
l imating actual abundance i iom rnark recapturc
data becausc numbcru of ci lplurcs and re( aptrrrcs
rere lo* in voung slands. The numher of in
diridual loles captur-ed t'as log lransformcrl.

Relrt ionships of vole abundancc to habitat
characterisLics wefe e!aluated $ith le€lression and
principal corrponents analyses (PCA). Because ol
the correlnted nature of the habitat laliablcs. wc
dcr-ived u ner sel of uncorrelated var' iables l iom
the habitat values l iom each,.tand using PCA. Wc
cxdmincd thc lclal ionship of habitat (Lrsing the f ir-rt
prin.il)al cc,mponent score-.) ud California red-
backccl role abundance (total of the 4 ve:rrs. log
transformcd) l i th l incar rcgrcssion analvsis. [ .e
compared the proportion of ihe volume of coarsc
$()oclv-dcbfis t i thout bark and the ploport ion ol
coarse $,oody-debris that $as not charred bet$een
strnd agc-classcs llith Studcnl's /-lest afler arc sine
square-root Lranslbrmation. ' Ihe mean and stan-
darrJ cr-ror pr-csenterl  were those l)f i () f  to transfor-
rnations,

Results

\{ e captured 209 individual Califcrrnia rcd-backcd
rolcs clLrr ing the 4 veafs of Lhe sludv. Thefe Nere
signilicantl_v morc voics capturcd in olcl-gro*th (n
: 168. t t0.4o6) lhan in vounpi (n :  4I.  19.60/o)
stands (, lr '  s = 7.a. P : 0.02). There wele ncr
loles captulcd in 3 of 5 young stands in cach lcar
(Figule l) .  and \,oles \rere neler trapped in I
r o r r r r g  - l . r r r J  r \  l .  l ' i g r r r ,  2 r .  \ [ , ' s t  , r r p t . r r ' -  i r r
voung slands (3:J of 11. 80oi) ottLrlred in 1 grid

1Y-1. Figure 2). I 'here las no consistcnt t lcnd ir l
abunclancr drr l ing the 4 years ol the -qludv; in a
givcn vcur" thc numbcr of lolcs incrcaserl in sonrc
st:uds. but decreased in others (! ' igure 1). lherc-
fore. vear uas nol a sLetist ical lv signif icant varia-
ble in explaining patterns of vole abundance
( / r , - = 1 . 7 . P = 0 . 1 8 ) .

Hrbitrt chalactcristics diffcrcd bchr,ccn stand
tvpes: young and old- grorrth -etands were sepuated
primari ly alrng the f i fst principal component (Fig-

urc 3). 
' l 'hc 

unmanagcrl voung staxJ (Y- 1 ).  nhich
had originated iiom tildlire. t'as more sirnilar to
thc old-grovth studs thdn thc nanagcd sccond-
gro\\ 'Lh stands (Figure i3). The f irst principal
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$' i th the f irsl  p ncipaltrmponent scorcs (r:  0. i1,1,
P  :  0 .00 :1 .  n  :  10 r  l i gu rc  4 ) .

Although thcrc r,ere lar-gc volunrcs ol co:rrsr:
woodv debris in vourrg ancl old-grotth -sLLrnrJs
{l losenbcrg and l \nthonr 19921. a higher propor.
tion sccmed furthr:r dcca,recl (lacked b.rrxl rn voung
(0.71 + 0.0,1) than in old-gronLh srand-s (0. i37 +
0 .03 r  t  :  6 .1 .  d f  =  B .  l '  :  0 .000 i3 ) .  I l o t eve r .
a highcr plopolt iorr of lhe observal ions ol coarse
*rxxlv debr. is in ol l-gforf lh slands (0.95 + 0.02)
r i i r l  not hare eviclcnce ofchar cornplred to coarsc
rroodl-dcbris in voung stands (0.36 + 0.07i I  =
-7 .7 .  d l  =  r J .  P :  0 .0001) .

Discussion

l \ l though recent studies incl icatcd thar Cali lornia
red-backcd voles lerc as abunrlanl in unrnanaged
voun;1 stancls as in olcl-grorth -stands (Aubrev et
zl.  1991, ( lorn anrl  tsur-r,  199]. GilherL anrl Al l
l ine l99l j ,  this resLrit  r , ;as nol forrnd in managcd
voung stands in ouf studv. \ \  e lorrnd signi l icantlv
highel numbcrs olvoles in old-grolrh comprrtd
to milnl lged r 'oung stands. rvi th a paucitv ofvoles
in the latter tvpe. Wc did. holcvcr. l ind similar
Calilirrrria red-backed volc abundanccs in the I
l i re-regcncrated voung stand (Y-1 ) as in thc old-
gror{th stan{ls. Although thcre:rre c,urrcntlv manv
siLes u'hcre ( lal i i rrrnia rerl-backcd r oles rcach high
abundancc (e.g.. i rr  old growth and unmanaged

[n:rtural] voung starrds), thev nill likeh rrecome tess
abundanl as the forestcd landscapc conLllucs to
change l iom old growLh lo manafled voun€t lo.esls
l l r r o , r c l ,  i r l Fn - ; \ -  t rmhe r  n r | r ,  s t i r r g  . r ,  r i r i r i ,  - .

' l  
l  o of thc 3 habitaL v:rr iables (densitv ol Jar.gc

tfees ilnd snags) thill charar{er-izcd lhe iirsL PC ler.e
those irsual lv associatcd rdth old-grolth Douglas-
f ir  lbrests (c.g.,  l iankl in ucl -\pies 1991). Thcse
two variables also ch:rr-aclerized oLlcr stands in
(iorrr and Bury's (1991) studr; holever. thet ibund
no di l i i renrr: in vole abundance bctreen voung
and oklcr ibrests. Thus. (lalifornia red-backed volcr
abundancc rnav not bc relatecl clirertlv to clcnsitv
, , i  l . ' r e "  t r ' - ' -  . r n , l  l a l e '  - n . rp - .  F , , r , . r  f l , ' , r , , , r r , l i -
t ions -eeem Lo bc more predict ivc of high Cali for-
nia rccl 'bakecl vole abLrndance. which is rrot
surprising cr-,nsidcrinpl their natural historv: thev
r ,e - l  i , r  r l , l . r € . r , , 1 r , , 1  b r l r os -  , , r  u r , d - r  , 1 ,  b r . -
(Stcphens 1906:12.1). oiten lbrage in thc organicr
lavel of soi l  ( \ ' laser I98I).  arrd usc coarse noodv
, l ,  l ' r ' i -  I n r  , , , r e r .  a -  t r . r r '  |  ,  n r . i , l , , r - .  . r r r , l  r -  r r
source of sporocarps of rnvcorrhizal fungi (Havcs
and Closs 19{17. lal lrnon antl  \ ' l i l ls 199,1).

l l su . i .  1 .  F lu . tL , r t i , ) , i  o l  ruh lc r  , ;  ind i r id r r  resrer r  rc r t -
bucked roL  s  r  aprured  n  1{ l  1  'ouDg { }  )  an , t  tn  tBr
5  , ,  I  s ro \ r lh  t i l ( ; l  s ra , , , l s  du fnrs  s r , r ing  l9 I lB . t . tq  t .
\ l ' i l l a r , . tL .  \ r t ionr l  l ( , r f ( .0 fegon.  \ , ) t  sho i !n  i s
th .  |  loung na , r l  l \  - r l  ln  \ fhnh $(  i r t r ,  , x ,L  QI )
l ru .  IN  ro l r .s .

cornponcnt explaincd 4,10[ of Lhe r ar. iat ion ol thc
measLrr-cd habital variables arnong stands; thc scc
ond added 2i 7n. and each aclcl i t ional PC added
< I0t/0. 

' l 'he 
f irst prir t  ipal componenr rcprcsexLs

a gr:rdient ol int,rcasing r lcnsit l  ol  large trccs and
large snags. :rnd increasing organic soi l  depth: t i re
sccorrd PC \ras m()st relalc'd to increasing shrub
corer iTablc 1). Caii lbrniu rcd,backerl volc abun-
dancc ( log tr-ansforrned) las cor-relatccl posit ir ,elv
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The plcscncc of a cleelr organic soi l  laver mav
add signi i i t 'anLl l  to ibrest l1oor concl i t ions ior
Cali fornia lcd baclecl r oles. Our'  l inrJings suggest
that this is an irnportanl cornponenL irr pror. iding
suitrble hal l i tar. Similuh. or.ganic soi l  depth rras
corlclatecl posit irdl l i th Cali lbrnia led-backcd
volc abundance in t lrr :  Orcgon Coast Ranges (Go-
mez 19921. l 'ast l i re historics of stands mav be
rclaled to currenl organic soi l  depLhs- l)rcscribccl
broadcast-buming tan rcrlucr organic -roi l  clepth
l , r , . ' r r - r r r n i r r u , , r " r r n i ,  I n . r t t c r .  ! , ' l r l . , , , r g  n r t l r i c n t - .
and increasing erosion iNlcNabb and Cromack
1990. \ ' lc\abb anrl Suanson 1990). Irr our studv.
dcp th  o i  t he  o rgan i t ' so i l  l avc l  i n  t he  l oL rng  s tands
that t'cre brordcast burnerl arcrugccl 2.,1 cm. l hile
depLh in thc olcl-growth st:rnrl-q avr:ragccl i .9 crn
{calculated fronr r alut s in l tosrnbelg and Antlronv
1992). Cali lblnia recl-backcrl  \olcs \{ere caplured
infrerluerrt lv in thc-.e voung slarrcls. Ihc 1 voung
-stand (Y- l  )  in lhich re consislcntl \ .  found r.o1es
hrd origirraLr:rJ from :r bl '  intcnsitv l i ldl i re
(lccn,.rna 19117); lh{ alcrage olganic soi l  rJepth
in this stancl rrrs 7.8 crn. Thc olcl-growth stand
(OC-2) that had lox nurnbcrs ofvoles also harl lol
organic soi l  rJcpth 1,1.9 crn). probablv duc to ero-
sion i iom the sleep slope (6010) oi the stand. Shal-
1orr organic soi l  clepth rnar hclp erpl:r in *hv
(lal i ibrnia rcd-brckcd roles ale n(rt  ( ,orrxror xr re

o G - 1  0 c - 2  0 c - 3  0 c - 4  0 G - 5

{ 'enl dciu-cutt inf(s fol louing prcscribccl burning
(Tcvis 1956. Cashti ler 1959. 1970; Hoorcn and
B lack  19761 .

Although coarse loody-clebris has bccn sug
gcstccl to cont bute sigrrifi<rantlv to Californin red-
blcked vole abundanr:e (Tevis i956. fr laser t9t l t .
Do1-le 1987. ( lornez 1992). our l indings suggest
thal other attribules of thc ftrrcsl-flool rnay be more
signi l icant bic-, logit  al l1-. A11 of thc ,voung stands in
our studv had large , 'olurnes of loodv dehris
(Rosenberg and Anthonl 1992). vet recl-backccl
!oles wcrc gcncri i lv absent. I tesearch orr spcci i i r :
Lrse ol coarsc rr'ood_v debris bv Califomia red-
backcd,;olcs dcmonstrated that largc lof l- . :rre usr:r l
sr:lcctivtlv ovrr srnaller logs (lla,vcs and Cross
19f17). anrl  lhat an increased deci lv strte ol.oarse
roodv<lcbris r, ;as selectecl ovcr less deca,-ed
r,;oodl clcbris ( ' lal lmon arrd Nli l is 1994). Thesc
condil i  rs seern to havc been rneL in thc voung
slanris r,".e eramined. although the inflrrencc oft:har
on quali tr  of rrrarsc r, ;oodv deblis irrr Cali iornia
rccl-backed voles is unknoln. Forest- l loor condi-
tions. includinpl coarse rrooclv clcbris ('l'allrnon ancl
I ' l i l ls 199.1) as well  as depth of organic soi l .  arc
l ikelv to bc cri t ical componenLs of Lhc frrrcst for
proriding high quali ty habiLat lor Cali f trrnia rcd-
hackcd loles.

Y - l  Y - 2  Y - 3  Y - 4  Y - 5
F i g u I e 2 ' \ L l l r l l . r r l l | r d j r i ( l u r l { e n e n ] r r r ] - I l l c | . r r ] r r l c '

s r , . i , , s  1988 199 The SE f ,  t ) r . i  n rs  L l i . .  v . ! f  r  n f i r r id r  i r r  numh. ro l  in r l i r i r lua l  ro les  rap tur .d .
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2 t ) r i , ! i t ) n  ( , ) , f l ) ( , n , , r L s .  l l i , .  l i r s L  P C  t t ) r c  r r s !

g ta i l i [ t l  01  i r r rcas i r rg  dcr : iL \  o l  h rg ,  Ln ! \  rn ( l  l , rg .
.  g , .  u r rd  indca. ing  dr1 , rh  , ) l  t l x . , ) rs rn i ,  ! , i l  uv r .
The.e io l t  l ' ( l  s rs  r r ' l r t ra l  non l !  n r i l r  1 , )  in ,  r 'as

n r g  s h r u l ,  c u o .  \ ' l  i D d  i X ; 2  ! r ' t h ,  \ , ) u n g  a , i d

o l r l  g ro r th  ' tu r l : .  resper t i r . l r .  lh l t  had r , .a , ,  nun!
b f f , i1  \o l .s  . r f ru fe l  mosr  d i f fe feDr  f rom rhe  o ther
s r ! , i ( l s  $ i r l r in  r l r . i r  bp f . r i !e  s tanr l  age c lass .
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PC.1 SCORES

Fisure L l telrt ionsh\r ofrhe r,nal r, ,n,t)( ir  o1 in, l i \ i , l ! r l  rohs
captured  t log  t rans i , rm.d t  dLr r i rg  th :  I  r ra rs

iL9 l l i l  1991)nr  e . .h  s raod r i th  thc  s r la  s  f ronr  t l r r

f iN l  p r in f ip r l  componen l  l I 'C  l ) .  Y  I  d , r l  (X ;2  a r .

the  roung and o ld  g ror th  s landr .  n is tx \1 i \ ( l l r .  t l i ! l
h r r l  mr :on  nunrber  o f ro les  c rprure i l  &a t  d i i i i r c , , t
1n)n ,  th (  o rh . r  s t rnds  N i rh in  rhe l r  respe. l i re  s l rnd
agcr'las..

' lA l l l - l ' l  
l .  R , l , r i , r , sh i l ) ( f r . ! rsoreo f re l , r loncoe l f i c ien ls . f lo fh rb i ta t \a r ia l ,Ls rnh th . l in t2pnnr rpa  i rm

I ! )n '  n rs .

I\nrcqral

Fne roodr  de l , r i :  coro

Sna l l  dc r  i r lLou .  t r r r *

( lo r rs l  so l r l r  r I  l , r i "

0 . l 3  0 .7

0 .57  0 .08

0 .59  0 .07

0..r0 0.0r)0i l

0 .11  0 .16

0 .50  0 .  r l

0.06 0. l lar

0 .5 t  0 .1 : l

o .12  0 .211

0 .31  0 .29
0.001 0.99

0.t]3

0 . 1 |

t).1?

0 . 3

0.119

0.|:r;

0.9a)

0.;J
-0.rr;

0. i12

0 . 1 i

0 .3

0.02

0 . 1 7

0 . ;

0.0006

0.0,1

0.0001

t ) . 0  |

0.0,1

0.00,1

0 .21

'S igrr i ln  r r r  r  luc .
r ( loei f i f ient  o i  \ r r i r l i , , .  o l  r l lar , r ' t r ' '  " ,  , , ' , ,s

2i l )  Rosenberg.  - ( r inr l lc .  anr l  Anthonv

lr .  shr  l , l lh l .



( l :r l i lornia red-buckccl voles rnav contr ibute sig-
nif icanth to dispersal ofnvrrrnhizal fungi () '1aser
ci al.  - l97tt.  l l rc and \ laser 1982. Haves et dl.
I t , 8 r r r . : r r r , l  r "  i n ,  l , r , l " , l  i r r t l r e  d i - r  , , i r r r r n r . r r i r r

and rnarnmalian c:rrrrilores (revit:lcd in Alcxander
and \ iel ts 1992). Becausr: of thcsc relat ionships.
their abscncc in i i rrests rnal af lcct ccological
prft iesses. Relr in;ng oI nranaging 1ir tomponenls
ol old-grolth ibrests. sLrch as dccp organic--"oi l
depths. re-. idual largc trces und snags. :rncl c,oarsc
*ooclv-dc'bri , .  ( fr lcComb et al.  199i i1 rrrar nrar,-r
nanrgctl  voung srands mr)r( '  suitablc ibr ( ldi lor-

nia red-backed volcs.
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