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Interactions of Northwest Forest Canopies and Arboreal Mammals

Abstract
The i nteract ion \ rmong Nofihwest foresr crnopics an d thc nannnals that i nhabit them ha\'e beeD poorl) sludied. Nly purpose was
to ide nii\' interactrcns arnoDg rborerl mi]r.nlal\ and canopies drar have implicrtions for mrnagers seehng to conser!e biodi!cISity
in the Pacific North\!est. I construcrcd a conrprehensive. bur parsinlonious list of canopy rllributes |hal could bc biologically
imfonant. I conpiled a list of mrmnah rhat routinel! enter the crnop) and frnked them relative 1() arborcllily. I idcndlicd shich
rttributes lllight be imporrarl to crch spccic\ and how lhe aftribuies nlight contribute to naintaining arborcal rodcnt com lunilics.
Fore\t canopies have 26 crtegories of urrriburcs of 5 maior !)'.pesi conrext, seral stage. conlmunity tlpe, canopy dimensions. and
rcc species character. At least l2 species of mamm.rls (excluding batsl use forest canofies, but onl) 7 shoukl be considered truly
rrborcal. All but one of the arbofeal rodents afe limired zoogcographrcally. or in local distribution, because of needs for specific
hrbilat clcncnts. Onlt one species. the red tree lole. is tolrll] arborcalr lhlLs. lhe conrposition and structLrre of $e afboferl fodent
cominunit,v is conditioned by both c nopy and noncunl'py lcaturcs oflheforest. Of the canopy .rttribules. dilef\ity oftree species
nnd abundance of nontfee organislns. ircludins lichcns. rnosse!. and rot inducing fungi, seem especiall) inpofiant to arboreai
rodenrs. Dilersit,v of tfee species prolidcs a varicl! of rbod (lbliage. seed, fruit. nuts, rnd trufiles rnd mushrooms ol fungi
\r'mbioiic xith the trees). Rot'irducirg (tlnd pdhogcnic) fungi pfo|ide cr\ities fof le.rf-licben'moss nesls and platlbrms ibr
l ichcn mos\ t l l is  nests.  L ichens lso serve as lbod.

lntroduction

Forest canopies are less accessible to the biolo-
gist than is the ti)rest t'loor and. thus, have been
studied less thal lowel structures. Ncvcrtheless.
canopies are rich in l i fc (Denison 1973, Pike et
al. I 977. Schowalter 1989) and, around the world,
commonly used by a vaiety of mammals olher
than human beings. including marsupials, bats.
rodcnts. carnivores. and prirnates (Nowak | 991 ).
Old-growth canopies in the Pacific Northwest are
cspecially tall (50-90 m) and complex. with nul-
ti layered vegetation and diverse structLlres
(Franklin and Spies 1991). This complexity of
canopy structure and composition suggests that
an in depth understanding ofcanopy function will
be necessary to enslrre that effbrts to conserve
biodiversity in the Pacific No(hwesl wil l be suc
cessful. Of course. caDopies are not independent
of the lbrest ecosystem: thcir usc' and function
depend on their biogcographic and synecologic
contcxt.

My goal in this paper is to identity interac-
t ion '  rmong urh , r re r l  mr rnmr l : \  and ianop ic '  in
the Pacific No hwest that have implications fbr
theconservation ofbiodiversity. First, Icorshrcted
a conprehensive. but parsimonious l ist ol bio-
logically importaDt canop) attributcs. Nexl. I com
piled a l ist of mammals (excluding bats: see

Wunder and Carey this issue) that routinely en-
ter the canopy and ranked them according to the
degree to which they use canopies (i.e., arboreal ity),
following the method of Carey (1991). Then. I
identilled which attributes might be imponant to
each species and how the attdbutes might con-
t r ibu te  to  r r r in ta in ing  arborea l  rodent  comrnr rn i
l ie . .  F ina l l ) .  T  d i .cus .  imp l icu t i , ,n \  l i ' r  rnJnr le -
ment and tbr research.

Canopy Attributes of Biological
lmportance

AII attdbutes of canopies could have biological
inportance. Because the attributcs arc numcrous
and varied, I constructed a hiefarchical classifi
cation of canopy attributes (Trble 1 ). The hierar-
chy begins with spatial and temporal scales, in
cluding geographic, geomorphic, and landscapc
locrtion and stage offorest development and age
of tree. Where a canopy is tbuld determines the
mix ofspecies that can occur in. or use, the canopy
(see nrble 2 for mammals). The stage in the de
vclopment of a community also detemines the
array of species that can potentially inhabit the
elnopy. t he proce.. of fore.t dcr elopment i '  one
of accumulation and redistributiol of biomass
(Bormann and Likcns 1979, Oliver and Larson
1990) among living trees, standing dead trees,
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TABI-Fl  L Arr ibule\  of  lbrest  canopies ofpotcnt ia l  brc logicr l  imporrance in thc Paci f ic  \ofhxest .

L  a o n r e \ !

I I I .

A.  ts iogeographicRegion
1.  Species A!aihblc:  p luDts.  n imals.  and thci r  conmones\  and far i t l
: .  Genefal  Cl inrat ic  Rcgime: e l lects on sfecies a.d proces\es

B. Geomoryhic Localion
L Species Abundancc Puttern\: lbre\t. habjtat. and colnnunit\, tvpes
2. Cli atic Di\luftance Regimes: phenologt. linirirg irctofs. perurharions
I  Spccia l  Habi tat  Elenrent \ :  c l i lTs,  ca\cs.  ur lus.  \ \et lands.  f ivers.  etc.

C. I -and\crpc Context
1. Cloripositiolr: connnunit\ tvpe! arxl cco()nes
2. Hclcrogcneit\': senl \tages. interiors. and cdges
L Crai . :patch l i re.  d i \ers i ty .  coni ig l r i t ) .  and i rcquencr-
.1.  Connecdvi( )  and l \o lat ion

Ser.rl Stage or SIa.d Conditi0n
A. Srrnd In i t iat ion:  1or.  Lrpen canopies
B. Srem Flxchrsion: dense c.rnopie\. somerimcs thin: slnall dead rrees: lack ol dirersitl
Cl. Lrndcrslor) Reinitiltion: slighrll opcn canopr deepening cfo{ns. f$r \nrgs
I). Undcrllorf De\elopment: ofen canop). lnedium sn.rgs. botanjcal di\crsill iDcreasing
E. Old Gro$1h: high canof! texturc, nlultilar-ered vegetarion. high canopt voiume. high species di!crsit). higb size

di!cr\ill. larSe \n gs. hrse gaps. nrlnv essocrates
Commrlnil\ T,"-pc
Species Compoiilitln of Crnopl Trees
L Di\ersily of Sccd Source: rbundance. miniDrLrm consi\tenc] of Foduction. p,tl,ltubiliry. fbod \rlue. svnchronicirv of

lecd crop ln i lure
L Varicl) in Architectufe: shape. branchincss. blrnch \ize. bfanch anglc. lcafor needle \ize. leafor nccdle densir!
L Variety in Lift Form: conifer, dccrduous hardwood, evergreen hardwood

l .  Epiphlres:  mosses. l ichcns.  lcrns-nist letoe
l. Endoph)-te\: dise.rses and rol lungi (produce cavities broken !ops)
3. lr!eiebfrte\: slugs \nails. spidcrs. mites. insects (hNae and adulls)
.1. Vcrlcbr.rres: rnphibians. repiiles. bird\. and mamlnals

C. Othcr Associates
L Undcrstor) \\tx)dy Plants: foliagc. lruits. nuts. seeds. insecrs. nrycorrbi^c
L Understof) Forbs. Ferns. Cras\cs: ibliule. lionds. \eed
3. Fofest-floor Mosses a.d l-ich.ns: nest mrterixl
'1. Rbizofherer\s\ocialcsi cc(nnycofflizal fungi
5.  Soi l  Ofgrnisms a.d Ni icroorganisms

Can0lry Dilnen\i0n\

L T0r.rl Height
2.  Hcight  to L i \e Cro$n
-r. Areal E\tent

B.  Densi ty
L C nop) Clo\ure
I InterconnectcdnL'\s ol Trce Cro$ns
3 L.rtering

C. Hcterogeneil]'
L Tertufe ofalrnop! Surtacc Gusose old gr)q,th vs. smooth r-oung. e\en lged)
2. Gupsr fiequenc! and sizc

Trcc Species Chffircter
A.  Sire rnd Age ofCa.(rp!  Trccs

L Bfanch Size and Sh,1pc
L Bafk liugo\jl)
3. Decadenccr brcLcn tops |nd bfrnches: calitlcs
.1.  Biomass ot  FruiL or  Seed

B. Species 'Speci f icAl l ibules
I  A\sociates:  iungi .  rnoi lcs. l ichens
2  l h e n  ' 1 . ' f \ : h ' r d .  l r J l .  - r ,  \ \ ' .  p r , ,  . . r i ,  r
l. Lite Form: \ize. a.chilccturc. gro$1h tbrn. \hade tolerancc, firc ijsisrrnce
.1. Health rnd l-ongcvil!t root . bult . irnd top-foist insecrst and disease fesisr.rnce

u.
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TABLF: 2. Somc mainnats using forest can
drsrnbution in rhe prciii. *o.,n;::i:-,, 

,n. U.r."e ro which lhev use canopies (aborculit!. scate of0_12). and rhei.

Geogr.rphic Distriburion

E\\,A
Red lree \ole (Plerd.r.,n\\ tangieLdus)

\tskfn gl1ry sqLiinel (.tciutus qtis?ur)

N ^ r  r l , e f n  . l \  i n . '  . , 1 r ,  f . c , ,  r  ; , , , , . . ,  r , , ,  .  . / , , r , a

Douglas squiuet tZd,?i,? s( i u ru ! .t ou rt t1s i i)

Rcd squirrcl (Idrlnrr./,/ us hudy,ticun

Duskl iborcd Noodrar (t(orona fir;ci1x i)

BLrsbl rriled woodrat (rve atona d,rcred)
' Ibwrscnd 

!  chipmunk ( , tn j0\  tor  p, t ( l i i l

P orcupine ( E r. t tti.o t t d o t s dt u n )

Matren (Mart.\ a pticuna)

Fishet t.l,tu rt.l rnttunti )

Racco0'r (Pnrrd, /dr,J

Forest decr mouse (p.,/.)rr_fvr/r l],"dt

t2

8

1

1
,7

,7

1

3

3

-l

)
I

IlI

+

p

+

+

p

I Disribution in wesrcrn washinsron rwwA). $-esrefr 
-ofegon 

(woR). ea*.,n ,,"rn,n*,,,n-EG],ilIJJI,,n rro*t-expre\sed as pre\ent (+), presenr. bur rarc (p). ulu aosenr ( ).

[a l len  t rcc . .  i r t re r . .o i lo rs r rn ic  mc l t ( r .  i rnc  i l  v i rn -
cly u.l l i fc Ion n. incluJjng cO progrrn\. Iern,. torb\,
.h rub : .  :h ! ldc - to le run l  under \ to r )  t rec . .  [ung i .
lnvertebrates, and vertcbrates. The accumulation
Ul  b r , , ln r . .  i tnd  i r . lppon ionmerr t  lmonp d i re r re
I re  Ionn\  te lJ \  I , )  a  cu lnp lc \  cc , , .1 r tem th l t  a l_
l , 'u  :  n rche J i \  e r \ i i i L .n r ions  ; rn . l  inc reas t ,d  spec ies
d i r  e^ r : i0  u  i lh in  thc  c r rmmuni rJ  r  Whi r ra l ,e r  c r  a j .
. l v / . { .  Hu lChrn \L ,n  lq78r  Thus .  i l t  suh . ,equent .  an , . i
lower, leyels in the hierarchy. apportionnent of
Dromass, tncleased species diversity, and cumu
tnttvc spectes-specific etlects begin to assume
rmportance. Aithough I believe the outl ine of at_
tributes is comprehensive, it certainly rs not ex-
haustive. I wil l i l lustr.ate how many of thesc at_
tn butes are important to nammals: some of them(rnJ  o ther \ )  u i l l  he  np , , r ran l  r  b l r .  r  Wun( le r
rnd  (  r rey  Ih j .  i . .uer  r rnd  h i rd r  r  Sharpe rh i .  i r
.ue) .  Br r t .  I  e rpe i l  r : rnd  hope r  o ther .  u  r l l  r rnenJ
anLi reiine the Ii\ l

Arboreal Mammals
Carey ( l99l) developed a scale to measure the
degrce to which mammals inhabit or fiequent torcst
canopies and called the scale , 'arborea1ity.,,
Alboreality is cvaluated by ranking a species, use

of trees (overstot"v and understory) and shrubs
relattve to its use of the forest floor for three ac_
t i r  i t ie . :  r r l re i .  ne^ \ t jnF  and dcnn ing .  nd  fo rag_
rng.  Krnk \  rangc  J ro tn  0  {  no  ruu t r  ne  u \e  j  lo  4  la :_tlvrty confined to tuees and shrubs). The three
rankings are summed to obtain arboreality. which
langes from 0 to 12. In the pacific Nffthwest.
the most arboreal mammal is the red tree vole
lTc,hle 2r. uhich occur\ onl) in ue.rern elc.gen
und u  h ich  \  onJucr \  a l rno \ r  c l l  i t r  i r c t i \  i t i e \  h jgh
rn  t ree  canup ic r  I  V  a \e r  e l  a j .  lgg  l r .  In . lee . t .  r ie
red trce \.)le prelcr\ the jrrwer lhird ol the crou rr.,
of 

lhe 
l.rrgesr trees in,' ld gror rh forerr. r C i l lc.be4

a n d  (  u r c )  l q q l r .  A r  r h e , , r h e r e n d , \ t  l h e  \ c r l e  i '
the forest deer mouse, the most arboreal of the
torest-f'loor mammals. which travels and fbrages
ln understory trees and shrubs and whose abin_
dlnce rncrea.cs u ith under\1, \ry de\ crupmenr. but
u.nlcn hil\ t).)l ycl bcen \ho!\ n tu u\e lree Ciln(,
pies (Carey_and Johnson 1995;. Mammals that
somettmes den ln tree cavities and opportunisti
crJll tbruge rn treer I mrnen. l l :her. rnd rtcroon;
N , , \ l k  l q 9 l r  r e i e i r e  l o u  r a n l i n g r  r ) _ 3 ' l .  T h e
porcLrp ine .  wh ich  regu la r l l  . leep . - i r r  r recr ,  ou t
prcler\ ro(k dcn\ i V. Le:rn er J. luo l l and whiih
Iorrger [or d$ arl mi\l lelrre Jncl (;urhiunl in trc(..,
but emphasizes intake of herbrceous planrs
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(Johnson and Carey 1978) also receives a low
runking (3. Table 21. Townsend's chipmunk regu-
larly lbra-ues in the unde$tory, sonrctimes nests
in tree cavities, and is only marginally an arbo-
real mammal (Table 2. Carcy 1991). Thus, 1or
lhe  re . l  n l  th i \  p i lpc r .  I  \ \  i l l  ( |n .en l r i r le  on  in te r
actions between fbrest canopies and the seven
species of mamnals that score > 6 points on the
12-point scale.

Interactions Between Arboreal
Mammals and Forest Canopies

Red tree vtle. Tltc red tree vole has the narrowcst
niche of the arboreal namtnals. It spends almost
all its limc in trees (rarely traveling bctween trees
on thc ground). eats conifer necdles (primarily
Douglas-fir. Psel&rlstgo lrl;les1l, needles). and
obtains water trom 1bg drip on needles. rnoss. and
l i chcn.  (Mr .e r  e t  . r l .  l08 l ) .  Nes t .  u f  tu  ig : -  re . in
ducts (leftovcrs tionr eaten needles). whole needles.
and lichcns are built on large branches or on whorls
of branches. Nests are also excavated in heavy
moss layers on large branchcs, and some nests
are in cavities in trees (Gillcsberg and Cruey l99l ).
The red tree vole is most abundrnt in old-growth
forests, in large trees, and in arcas where crowns
interwcave (enhancing access to food. t 'acil i taC
ing socitrl interactions, and providing numerous
escrpe routes). Limiting factors include crown
depth ald stability (voung tree crowns lue con
stantly moving upward, rcquiring nest relocation),
crown connectedness (contiguity). canopy vol-
ume and density. and areal extent and connectiv
ity of mature and older lbrcsts. Populations of
rcd tree voles can glow slowly under good con-
clit ions: abil ity to disperse and rccolonize vacated
habitats is probably low cven under tavorable
conditions (contiguous cro\i,ns ). The red trce vole
seems particularly adapted to the stable condi-
tions ofold growlh Douglas-flr (Maseret al. 1981.
Carey  1991) .

W \!. m ! it\ \t lulrtrl.- Theue.temgral .quir-
rcl has a broader niche than the red tree vole: it
eats conifcr seed. oak (Qucr-cus spp.) acorns. the
seeds, nuts, and tiuits of other trees and shrubs,
mushrooms, and truffles. lt builds its nest of twigs,
Iichens. and mosses in coniferous trees and wil l
use cavities in coniferous or deciduous tlees.
Despite its relativcly broad niche, it has a narron,
habitat in Oregon and WashingLon, primarily oc
cupying Oregon white oak (Q. garnanayDotr-
glas-tir and Oregon white oak-ponderosa pinc

(Pinus ponderctsa) communities < I km from u'ater
(streams. ponds. wetlands) and of > 2 ha (Ryan
and Ciuey 1995).In the southem pafts ofirs range.
the squirrel occupies the wide alTay of oak com-
munities available there. In Oregon and Wash
in-qton, it is sometimes found in plantations of
nut-bearing trees. The Oregon white oak com-
munltles, however, tend to be ecotonal. mergiDc
u'ith native prairies. slreamside comn-runities, and
wetlands, and easily lost to succession in the ab-
sence of wildfire. They are often small in area.
Connectivity, in the tbrm of coniferous and ri
parian forests, seems to be important for travel
by gmy squirrels and colonization of unoccupied
oak-conifer woodlands. Within the oak commu-
nities, the presence of large conit-ers for escape
covcr. nest sites, and food (seed) is maldatory.
Interconnectedness of tree crowns for uavel and
escapc is impofiant. The diversity ofnut- and seed-
bearing tees and shrubs. firr example bigleafmaple
(Acer nacroph.t' lhrr), Oregon ash (Frarinirs
latililit ) . C;ilforniahazel (C orylus t ornuta) . and.
vine maple (A. cirtinatunt), is important for pro-
viding high-quality food for the squirrels in years
of acom crop failure.

Northern flying squirrel.-The flying squir-
rel has arelatively narrow niche as a cavity-dwell
ing  mlcophag is t .  bu l  I  h r r ' rJ  hub i ta t .  occup l  ing
a range ofconiter, deciduous. trnd rnixed species
lblest communities and seral stages (Carey 1991).
The flying squirel is most abundant in old-growth
Douglas-fir and mixed conifcr forests (Carey et
aJ. 1992. Carey 1995): their abundance is low in
northern fi)rests dominated by wcstern hemlock
(Tsuga hetentphylla) or Pacific silver fir (Ables
anabilis). The dillerence in abundance may be
due, in parl. to the nofihern forests being colder
lnd  more  sub jec t  to :n ru  l i t l l  r \ \  i l h  concr \mi t rn t
direct stresses on the lightly built squirrel), but ir
also appears to be related also to diffcrences in
diversity ofectomyconhizal fungi, r,hich are more
diverse ir old than young tbrests and in southern
than nofthern lbrests in the Pacilic Northwest.
Fruiting bodies (mushrooms and trufTles) of
ectomycorhizal fungi are the primary food of
nonhern t'lying squirrels, allhough lichens can be
inportant wintcr fi)ods (Masel et al. 1986, Carey
1991, Carey et al. 1992, Carey 1995).Theflying
squirrel uses stick ncsts of other species. stick-
moss-lichen nests it consfucts itselt ' , and moss-
lichen cambium nests it consh'Lrcts in natural cavi
ties aod cavities created by woodpecke$. Cavity
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nests arc more predator proof. more resistirnt k)
u  ind  rnJ  prec ip i ta t io r r .  r rnd  ther rn r r l l l  ruper io l to
stick ncsts (Carey and Sandelson l98l). Cavi-
ties adse out of the interaction in l iving trees of
damagc. inlection by rot inducing 1ungi. and timc.
\\"ith the excavation olrottcn wood by woodpeckers
and other bircls in both livirg ard standing dead
l rcu \ .  Mo. l  uL lodpcck( r -c reJ leJ  \ ' . r \ i l i c \  . r rc  in
large. old snags (> I30 cm dbh). and thus are most
abundmt in olcl-growlh forests (Carcy et al. l99l).
Arboreal lichens and mosses and tcrrcslial mosses
arc inrponanl nest materials. FIying squirrel abun-
dance is correlated with undcrstory developnent,
pafticularly eicaceous shubs (Crey 1995). These
shrubs provide cover lbr squirrels fi)raging on the
ground 1br mftles, and may cnhance myconhizae
and trutle ploduction by forming symbiotic re-
lations $,ith the m-ychonhizae oftrccs. Unde$tory
composition and abundance reflects both soil
moisture and canopy openings (C.]Iey et al. l99l );
wrxrdy undcrslory development is often greatest
in  the  r  i i i n i t r  o l  l r rgc  derL l  l ree \  r , r  i r  c i rn t ,py
gaps (Carey 1995). The interactions of canopy
openings rcsulting fron the death of large trees
and the subsequent developnrent of woody un
derstories, thc cavities consmrcted by u'oodpeckers
in lalge dead trees. and the divcrsit) ' ol canopy
and undcrstory wood! plants that promotes fun-
gal divelsity make old-growth fi)rests. cspecially
southern Oregon old--srowdl lbrests, the optinal
environmcnt lor l lying squirels. Populations rre
lorver in younger fbrests and the squirrcls adapt
to these less hospi|able environments by construct-
ing nests lionr dead twi-qs and branches, Lrslng
dens in rcsidual trees and deciduous trees. and
l'trovilg long distiiurces to firrage (unpublished data).
Because of their abil ity lrt use a range of seral
stlges. f ' lying squirrels become isolated only by
rery earl.v stages of tbrest de!clopmelll and
nonfbrested environments: however, populations
in patches of old gro$,th can bc subslanlially re
duced through predation (Carey et al. 1992).

Dougltt.s'stltrirrels to red s q ui r re ls.-These
two congeners are specialists rt exploit ing corli-
t-er seed as tirod. The Dou-ulas' squinel is adapted
to \r'cstcrn henlock Douglas flr lbrests (lightly
constl lcted cones). the red squirrcl. to forests with
pondcrosapine and lodgepole pine (Pr)u.r corroi'ln)
ard heavily constructed or scrolinous cones (Smith
I 970. 198 I ). ts oih species respond to seed abun-
dance with imnigration, increased rcproduction.
and increased juvenile survilal and to seed scar

citv by switching to lungi or a l imited array ol
other seed (Califbrnir hazcl. l irr cxample). de-
crcased reproduction, emigration, star-vation. and
decreased survivrl. Both spccies wil l eat mush
roons and truffles \\"hen they are rvailable (Ma-
ser et al. 1978). In Lhe spring. Douglas' squinels
arc equally abundant among young. mature. and
old growth lbrests (Carey 1989.). but in thc win-
ter. when tirod is most scarce, they are most abun
dant in old lbrests (Buchanan et al. 1990). The
Iarge, old trees and the divcrsity oftree and shrub
species in old forest provide a more dependable
supply of fixrd than the young trees. often of one
species, in young forests (Carey | 99 1 ). Con ilers
and fiLniast'iunrs have coevolvcd: trccs undergo
synchronous tailures in cone crops. whichreduces
squirrcl populations. and the squirels maintain
individual territories, which rcduces competition
tirr sccd and fungi (through spacing), and store
tbod to eat in times of sccd scarcity (Smith 1970).
FallcIr tfees and low dead branches provide perch
sites liom which the squirrels can scarch for com-
petitors (and predators.) while eating. Streams,
sccps. and large fallen trees and the moist soil
beneath them provide stora,qc sites for fir and
hcnlock cones (moisture is necessarJ to keep the
cone fiom opening and spil l ing its seed). Both
squirrels build stick l lests l ined with mosses. ] i-
chens. or grass and build moss-lichcn-grass nests
in tree cavities. But these squirrels are larger ald
nrorc robust than flying squirels and do not seem
as tied to cavities. Frxrcl seems to bc thc limiting
tactor (Carey l99l ).

DLt s k! footed \toodr.rl.-This species. nativc
to riparian forcsts in the California chaparal.
reaches its northerl limits in Oregon, where it
inhabits mixed-evergreen and mixed-conifcr loresls
in the Klamath Mountains and interior river val
lcys. [t is most abuldant in riparian tbrest and
has a birnodal distribution in upland tbrests. be
ing lnost abundant in stand init iation and early
stem exclusion stages, rale in stem exclusion and
understory reinitiatiol] stages $'ith Ijttle understory,
and moderately abundant where undcrstory is dc-
veloped. including old growth (Care"v et al. 1992).
The dusky footed woodrat has adapted numer-
ous aspects of its l i fe historv to allow it to feed
, \n  c \e rgreen sc lc roph)  I l .  h ieh  in  l lher .  r . rnn in . -
und re l r r te , l  l , ' l )pcp t rJcs  thJ l  1 re  lo \ i c  to  mrn)
mammals (Atsatt ard Ingram 1983). This spe-
cializatiol provides the woodrat with a dislinct
niche: however. it can avail i tself of many other
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foods. including l 'ungal l iuit ing bodics. The
woodrat makcs its houses of sticks and woody
dcbris both on the ground and in trees. It prcfcr
entially travcls through the understory rather thirn
on the tbrest tloor, whcre the rustle ofdried lcaves
reveals its presence to predrtors. lt seems to be
m , ' : l  l i t n i t e d  b 1  t h t  r r b u n d r n c e , r l  e r e r e r c e n
sclerophyllous undcrstorl', area of suitable stard
condition, and colnectivity bclween suitrble
patches (Carey 199l).

Bushl'-tailed woodrat. The bushy-tailed
rvoodral is usually irn occupant of rock outcrops
and tJ lu '  \1 , 'pu .  rn  sh lub  nd  l i , re : l  ( l lmn lun i
t ie . .  Adcq l rJ l<  r 'ock .he l le r  i . lhc  mos l  imp, )n ! rn l
resource for this u'txrdral in iueas withcold weatlter
and heavy snowfil l  (Escherich 198I ). ln lhe rela
tively wann. low elevation, transilional and mixed-
conifer for-ests of soulhwestenr Oregon, il also
uses cavilies in standing and fallcn trees and builcls
houses of sticks and woody debris in tree hol
Iou . .  l ' n  thc  5 r round.  i rnd , 'n  b r . rn (he .  i I  t ree \ .
Thc bushy tailed wtxrdrat has a broad diet and. in
solrthwestern Orcgon, is abundant in strcilmside
tbrests and other lbrests with wcll-developed un-
dcrstories and tree cavitics (Caley 199I ). Bccause
of its social s)'sten of one territorial male with a
harem of trvo or thrcc females. bushy-tailed wooth ats
occur in small. scattered populalions. Thus. area
and comectivitf of suitable patches ofhabitat and
predation seem to be liniting fitctols.

Conclusions

Bi , 'eco . - r lphr  \eer r \  lU  br  lhc  n ro . l  i r r f i ' r l i rn t
determinant of the diversity and abundalce of
mammals that use canopics ir'r the P cific Norlh-
west. The south$cslern Oregon transition and
mixecl-conifcr fbrests are chrlactcrized by a di-
versity of plants,1ungi, and mammals ud r nri ld
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