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Introduction

The hvpogeou-. sporocrlrps of m,vcorlhizal iungi
(genelal lv cal1ed "truff les"-LLronra l9B8l alc in-
tegral members oi lirll_v lirnctioning I'acilic \orth'
rrest coni lerous lore-"1s. TrLrff les r(rnsl i tule lhe
rLrminant frxrcl sourcc of manv srnal l  rnrnrmals. in
chrding 7.1%-8990 of the diet oi the (laliiblnia red
backecl r ole iCLethrionrnq: tnl.ilirrrricrr) (l'laser el
o1. l97Ba: Lle and Xlaser 1982i. I 'opulat ions o1
C. mliJirni u.s rrright bccornc isolatcd on forcst
r . . n  r I l -  i r r  l J f l  Lcc . r r r -F  - . r r f ou rd ing  ,  u l n re l
areas lack trLrff les in earlv seral slages (N{aser ef
o1. 197<9b; I  rc and N' lascl 1982; Havcs cf ol.
19861. Although C. califomicus is rarel,v lbLrnd in
vor.mg clearculs (( lash*i ler 1970: \ ' l i l ls h Pless),
it is not knotn thether -.uppressed hu1l1e produc-
l ion mighl correlulc with this tbscncc of volcs in
clearcuts. -qtudling the di-strihution and abundance
of truff les irr a fragrncnterJ frrrcst s,vstor ni l l  hclp
fosto- trndcrstanding of the el lects o1 l i41menta
tiorr on C caLiJbnicus. rnd on other srnall

I-urthelrnore. truflles have an ecological sig-
rt i f icancc bc!ond supporl;ng small  mammals that
relv on lungi in thei l  diet.  \ear' l r  al l  hr lrogeous
species [)rn cclo rrrvurrrh izac l i th thc roots o{
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vascular plants. and are particularlv abundant in
ossociation rrith conifers in the l'aciilc North$,est
(Trappe and Molinu l986: Castel lano et zl .  l989;
lTol ina er ol.  1992). \ ' lycorrhizac ( ' ' fungus roots' ' )
greaLlv incfease the amoLlnl of nater and rrutr ients
available to n plant in exchange ibr the plant's pho-
tosr,nthatc lHarlcv l969; ' l ' rappc and l ' lascr ]978;
Allen I99I).  This mutual isLic -q"-mLiosis is thought
to be necessan' Ibr the survival ol coni ler-" in the
Pacfic NoIthlest (Per1v er al.  l9B7: Luom:r et al.
1991; Molina et al.  I992J. Because red backed
\oles anrl othcr small  mammal mvcophagists sen'e
as lhe fr irnarv di-qpefsal veclors for hvpogcous
taxa, tlulflcs and their dispersers are therelbre
notable members of the forest's function;rl divr:rsitl.

While knor' ledge oi truff le taxonornv and phc-
nolog,y have gleatly expanderl in recenl clecacles,
the ecological issues of mvcophagv pert inenl to
managcmcnt of the P{cific \or1h$est's liagrnented
forests remain poorlv rrndcrstood. src inr.est igate
tire abundance oI tmIfles on hrur- late-suu'essional
forcsl rcrnnants and the clearcuts surrounding tlo
of Lhen during the summer to cxplor-c thrcr qucs-
tions: l) arc trufflcs morc abundant in late ser:rl
folcst remnants than in voung clearcuts?; 2) are
trulf les more abundant in associat ion wiLh coarsc
lood,v debris?r 3)is the ( lal i fornia red-backed vole.
C Let luittnom) s c o L l,fi) ni.us. associaLed r it h areas
having trullles/

Study Area and Methods

The four sites studirr i  (FigLrrc 1) alc in thc Klamath
\rlountains phvsiographic provincc, in locations that
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ue leirt i relv r lrr .  i t l  lhe *est sir lc oftht- ( l :rsr:ades
(nte'an annual rainlal l  500-800 rnm: Flarrkl in ancl
Dvlness 19i31. Eler 'at ion. slopc and aspect $ere
rariablc. although al l  si lcs r, ;ere steep arrd ubove
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1 .000 m (Table 1). Al l  ibur siLes *ere r lominarecl
bv Dcrrrglas-fir ll)serrloLsttgu raen.:iesii); the two
higher sites (E and Oj aiso had r\,hiLe f ir  i .{r ier.on,
r:olorl .  ancl si te H(l had a luoak { l i r lmrrap&s
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der*iflonu) unclerstorv. All remnanls. $hich fanged
in sizc frorn l .3 to 3.6 ha (Tablc l) ,  l rcrc com-
pletelv surrol lnded bv cleucuts (28 veus old
( see  be lo t ) .

\\ c samplcd trufflc plots liom mid-Junc until
m id -AL rgL rsL .  1991 .  Fo r  a l l  Lh ree  q r res t i ons ,  each
ofthe two treatments rras sampled on alternate I 4
da1- periocls ( i I  not on lhe sarrc dav) in orcler to
eliminate the potenti l_"- conlbundinEl ellicts of
$eaLher. Each ploL wa-r lr l  m in size. and $as
sarnphd b,v raking doun to thc organic-nrincral soi l
intcrlircc. l\'ulllcs t'crc t'cighcd ibr liesh biomass
riLhin 24 hours ancl iclenti f iecl to genus.

Depending on relnnant size. rr,e sarnpled be-
tlccn 2,1 ancl 40 trufflc plots on cedl rcmnrnt ('l'a-

ble I).  Placement ol truf l le plots vas based on the
svstemalic snral l  marnmal trapping grirJ ol N4il ls

{1993: In I'r'ess), l'hich ieaturecl markels at rneas-
ured 1.1'm inten'als. ildic:rting the location-s of
Shcrnan livc traps. All trulflc plots on rcmnants
r{ere placed t i thin 5 rn of randomly chosen trap
rnarkcl-s. rrith cxact placcment constraiDed bv
aroiding |ock"- or dcnselv !egetated areas.

To adrlcss our f irst qucstion. lhcthcr truff lc
abundance in lblest renln:rnts dillired iiom sur
rorrnding clearcuts. r le also sampled Lhe clearcuts
around thc hro largtst rcmnants (0 and E. Table
I ).  The dcarcrrts r erc br-oadcast burnctl  r  i lhirr lwo
vears of hnrr.e-st and rrere l0 to 2i years old.
Thesc drarculs arc ( lonirratcrl  br Douglas f ir  anrJ
$hitc fir. although thc percent cover bv ectomycor
lhizal host sfecies is onlv aboLlL one-quarter that
oi the iorest renrnants ( l \ ' | .  Anaranthus. [T.-s. For-
c,(t  Scnicc. Crants Pass. 0[t . .  unpLrbl.  data). tse-
.ause b{rLh renrnanls had 40 tnrff le plots each. wt:
placed 40 plots throughout each surrounding clear-

cut. The clearculs lacked a grirJ for svstcmalic plol
location, so cach plot t'as located in the most
promising microsites using the same cl iLeria l i rr
plar. ing plots rr i thin 5rn of our ranrlornlv choscn
lu , . r l i un .  on  l h i  l L r '  { l  r cmnrn l - .  l h r r - ,  r ' e  i n ten -
tiorrally biased oul test in far,or of finrJing rnorc tnrf-
flcs in clcarcuts than in the rernnants. lhich rnales
for !1 slronger tesL ol the hvpothr:sis lhal clcrr-ct l ts
h r re  I n r re r  l f l l l l c - .  l l . l c11J  o l  I ' p r l o rm in !  t ' - c r -
dorepl icaled stal ist ical anal;-sis ol [ ]O plots in each
of 2 rernnants ( l lur lbcrt 198.1). 1rc plcscnt olrr
data for this que,(tion as graphical trends.

Sccond. tc tcstccl rvhcthcr truf{lcs are siEpifi-
cantlv a-qsociated i ! ' i lh coarse woodv debris withirr
thc forcst rcmnants. lf a dot'ned log l0-70 crn in
cl iameler $,as present $, i thin 5 m of a choscl
rnarker f lag, i t  las rcnrolcd and thc plot las
placed rurclerneath it. ln this fishion. neulr hall
(.130/o) of all truffle plots \rere placed Lrnder logs.
Thc proportion oI log and noJog plots with at least
one truf l le pfesent (occurrence) $as.ornl)ared Lrs-
ing a 2X2 contingcncv test lbr binomial propor
t ions (Rice l98tt).  To Lesl r lhelher frcsh-lcight
biomass diffcrcd bctrvccn log and noJopi tre:rtment-q
n'e used a Behrens Fisher T test (Rice ancl Oaines
t9tt9). This Lest is preferred becarrsr i t  is robust
lo lhc uncqual vali nce-( 1r'hich commonly occur
in ecological nrvcologr'  rescarch (T.rroma l9B8;
1991). including our-".

F in l l l ' .  r ' '  . r - L '  ' l  i f  t h " r "  s i r s  Jn  . r - - o . i l r t i . n
bett 'een trul l le presence and the lrrescnce of
Cali iorrr ia red-backerl , 'olcs on thc forcsr rcrrrralLs.
Bascrl on srnall mammal trapping data collected
the s:rme summer a-s this -stud_,- (Xlills In Press).
and on thc conscrvativc assumption that the home
range ofloles is l5 m in diamelcr (Tal lmon Jncl
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\ ' l i l l -s 199,1). r l t  tcstcd rrhether plots $ith tn l lcs
lcnd to fal l  within \ole hornc rangrs more olten rharr
erpected b_,- clrancc. \\'e iirst r'l:rssified cach trui-
f le plot in al l  lemnrnl-q as x ' trrrf f lc prcseDt" or
' ' t luf l le absent" plot.  Wc thcn noted lhether a
(lal i lbrnit  recl-backcd role l ,as captured in four
nights of sampling in anr of thc f ivc t laps l i thin
l5 m ol the plot.  

' lhc 
nul l  hlpothesis. that piots

t i th and without trrrf l lcs havc the snrne plohabil-
i tr  o[ har ing a r olc present uithin l5 rn. $astrsted
$ith r 2x2 continfienct lest ft)r compuing binomial
pr '{rpo ions (Rn e I9BB).

Besults and Discussion

V'e sarnpled a lot l  ol  136 tr.ul i le plols on loul tor-
csl ronnants. ancl l l0 plots in clcrrcuts surrorLncl-
ing two of the forest r-cmnants (E :rnd O. Tablc 1 ).
Orr the lrrur rcmnnnts, 29 oi 1j l6 plots (21?o) had
al least onc h'ullle. for a Lotal of 82 sporocarps from
12 identi f ied gencra (Table 2). \ \ 'eights Iaricd
grcatlv. r , ; i th 3 oi the 29 plols nctt ing 5l0lo of the
total l iesh-rrcight biomass on al l  femnants of
i  19 .8g /136 rn ' .

T\B l .L  2 .  To ta l  l , i , , r , !$  a , r l  funber  o f  r to ro . * r , "  lo l
h rpogeou.  sporora4r  gcr i . ra t  found in  l : J6  p l ( , t s

on liru forest rrrants san1, crl in Jure .{ugusr-
t 9 9 1 .

Tolu Biomass 1gl

Truffle Production rn Forest Femnants versus
Adjacent C earcuts

l . r tr  selnl loresL rernnants 'O" and "E" prrxJuccd
substanLialh morc tmil les than Lhe cl{ iarcuts sur
rounding thcrn (! ' igure 2). Ninetccn of B0 plots on
thc trro lbfest rernnanls had :r total o[ 67
-( l)1)rocarps! i i rr  a rnean $'cight ol I .02 g
(s.e. :0.11) per plot.  In contrast. the []0 clcarcut
plots hacl onlv a single truif lc. ' [o our Lnouledgc.
these:l le the f i fsL ( lala to c{rnoborate Llte 'convcn

tional u' isr lom" that hvpogeorrs spotocdrps are
l , r ' - : ' l '  . r L -  n t  l i om  . , ' . r n r : .  - l us l r  r e2e r r - r ' e t i r r g
clearculs,

,Scvclal interacting crplanations probablv lrc-
counL lor orrr obscr-\ ' l t ion of Lruff lcs bcing virtu-
al lv absent in clearculs. First.  decreascd soi l
moislure on (,Lrtovcr areas ma,- deprcss trullle
prorJrrct ion. Clearcutt ing and buming ex:lcerl laLe
soi l  dcssication during thc Northlests srrnrncr-
cl lorrghL (Chcn et al.  19931. and Lruff lc produc,
l ;on tcnd-( to he lol,est during hot and dn, seasons
r F ' , ! - l  l t , l l l r . 5 i r n i J . r r l 1 .  r h "  d . , r , r s ,  i n  u . p c r , i ,
soi l  depth lbl lol , ing clcarcutt ing and burning can

€ienerate ncgativc ecological elfetts (scc ltosenberg
c1 dl.  In l)ress). rhich coulcl include a derrreasc
in -.polocar|s norrnalll found in the organic soii
laver,

Lot tmfl le abundancc in clearcuts mav also
reflect rcduccd spore dispers:rl. In southr,rest Ore-

f(on. t i ro primaN dispcrsal \ .ectors ol hvpogeous
propagulcs. the Cali fornia recl-backcd vole anrl
Torrnsend's chipmLrrrk i liu tanri ds to l.nse ndii\. irrc
signif icantlv lcss l ikelv to be capLure'r l  rn dearcuts
then ;n l i )rcst rcmnants (N'[ i l ls 1993. ln l \ .ess). Fi-
nallv, depressed Lr-ulllc procluction ma1 fcflcd the
bss of plunt hosts in these clcarcuts. Most hrlxr-
gc "u -  l l t ' , ! i  rF l \  , , 1  , . t um! .o f rh i / r l  r - - , '  J t t u t r -
s i t h  ,  o r r i i  r -  . r n d  - r ' i , . r ,  - , , ' r -  l , l , r n t .  l ; r  r , r l r i t i , , r l
ic.g.. Arctostap hlos spp..,,1r6ztus,rerlerii) (Trappe
1962: Trappc and l ' laser t97tl :  I ' jerrr et a1. 19t]7;
Nlol ina ef al.  1992). and a dco case of these hosls
on clearcuLs can grcatl l  ledur:e eclomvcor.rhizae
iPcrr ' .v ct al.  1987).

IL is possiblc that other managcd forests har-
ing substantire fegencr t ion ol eclornvcorrhizal
hosts rnar rrot shol such dramatir.Lrsscs of hvpo-
geous fLrngal sporocarps. I t  is also possible that ecr-
tornvcor zae mav havc l i rmed on the Ie' t '
IegeneraLing plants on our si les, bul that the par
cnt mycelia has not vel obtdined sl l l f ic ient pho-
loslnLhalc for fruit ing. Thele is a glcat neecl lor
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l {)ng-tclrn studr on nnt,olrhizal l i rngi in a rarictv
of sLenrl agcs in older'  lo detelrnirrc lhc c\tent of
i i rngal decl ine rnd r( 'gcncl l t ion in rnanagcd

Trulf es and Logs

Log plols r, ;ere nrore lhan hricc lr .s l ikelv to {.(}n-
ra i r ,  r r . r f f , .  r h r rn  no  1 "9  t ' 1 , , r -  'P  o  0o ; r .  i i  n i l , r r l \ .
t lul I lc biornass l  as l i rLrr t imes gre:rter in Lrg than
irr no-log plots { l ' igure 2). t l though high val ian< e
nr:rde stat ist icul signi l ic:rnte marginrl  ( l '=0.081.

Harver er cl .  ( l976) had a sirni lar f inding in
$cslern \ ' lontana, whcrc mvconhizae lerc'  founcl
in grcatcr arnounls un{lcrncath logs. However.
Luomr (1988) las the l i rst Lo irrvcsl igutc arr l ' r .ela
t i , , r r - l r i l '  r , - r r . - . r r  1 , r , ' 1 . r ,  t i u n  , , 1  - p , , n " , r 1 1 ^  ; r l l
logs: his rnLrl t i -r  ear. vear- 'r-oLrnrl  slLrdv in the rela-
t irclv mesic *eslsir lc Crucades found no signif icant
correlat ion betlccrr logs and incrcascd truf l le
production. lhis aL f irst scctns utrerpecLeri sincc

logs are primarv habitat l i rr  mvcophag,,us srl .rr
marnnrals uho prcsumahl,- inoculalc these ereas
*ith fcccs ladcn 11i11 -rpores of mvcorrhizal frrngi
r l r . r r r l l i l l  p r  o / .  l , r l ] l :  l I u n r , r  l ( I i t - t t .

\ e r  e r t l t l - - - .  l u y - . n r r r  h -  u n i , t . r ,  h  i n l ' u r t , r r r r
f ,  ' r  t r  r r i f l ,  -  r n ' l  ' ,  o l e -  i r r  - o r r t hu ,  . t '  r l  I  r r cgo l  -  i l r a
the soi is:rre lelat ircl ,r  chv and poor'(Frankl in ancl
Drrness 19i3: Haves et al.  l986). Bccause logs
provir lc r rcserloir of moislurc 1or sulrounri ing
soi ls during monLhs ofl i t t lc plccipit ;r t ion. thcr sorc
inr:reasingl l  vi tal ecological lLrntt ions irr clr icr
rcgions ( l ' rankl in er al.  l98Il .  N' laser and Trappe
l9{34,)- For crample. radio-tc' lcmctrr on Cali for-
nia red-backed rolcs on one crl  oLrr si lcs (,qite El
during the sanrc summer found that 980/u ol telem-
etr l_ locations 1or iour r oles uclc under logs. er cn
though logs corered onh Tio ol the rolc hornc
range area: alsr).  mole highl"- der.avccl logs nere
prcfcrrccl ( lr l lmon ard \ ' l i l ls 199,1). Prefcrcntia]
lopl use hy this mvcophagist loulcl inoculare

' lnr i l lcs 
in Remn.rnls and ( l learcuLs 263

forest



log cc,veled soi ls \ , , i th sporcs ol hvpoi ieoLrs la\a.
r:rplaining in part rr 'hv nrore sporocarps are found
there as lel l .  Sie f irrd i t  l ikclv that this strrdv f irund
a posit ire 1og-tnrff lc rclat ionship l  hele I-Lroma dicl
n(rt  bc(ausc the drier surnmer dirnalc ol south
{cstcrn Oregotr tends l(r rcsult  in associat ion of
bolh rnoisturc and lnvcophag) arorrnrl  coarse
woodv debds.

Truffle Occurrence Fe ated to Vo e Occurrence

Ofthe l116 total LrLrl f le plols. l9 tele cleleted lrorn
this anaiysis (t i th thc dcleted plot chosen ran-
t iornlv) bccause thev represented rnult iplc samples
a t  t he  same  l f ap  l oca t i on  ( l ' ab le  l t .  O i  t he  I I 7
t luff lc plots at di l lererrL trap locations. we lound
lh:rt  red-backcd volcs l tere more l ikelv lo oc lr
in arcas t'ith trullles than in thosc lnckinpl thern
(P < .05: Tahle 3). For plots nith truffles. 7{3o/o (28
oI iJ6) harl  lolcs t ' i thin a 15 rn radiLrs alorrnd the
trul ' l lc plot.  l 'or plot-s lacking truf l lcs, ,160/o ( i37 ol
U1 )  had  ro l es  r , ; i t h i n : r  15  m  rad ius .

' l 1 l l l . l l  
: ] .  Conr ingcno t rb le  du l i r lg  p l (ns  s iLh  o f  \ r i rhour  t r 'L t f

lli s hlrils (l!lifornie fed b!.1(rl !ol(.s Nirhin l5 nr

Thc f incl ing th:rt  roles Lenrl Lo bc found near'
trrdlles colrr-,bor-aLes carlicl rcscarch shoting that
the ( lal i iorrr ia rcr l-backcd role' , .  fecal pel lels arc
conrposcd rnostl l  ol  sporr:s frorn hvpogeous
sp{rroci lrps ( l \{asu ct ol.  I97Ur: l l re ancl Nlascr
1 982]. 

'l 
he iinding that r olcs ar-c oftcn ibund near-

truff les. couplcrJ t i th our obserrat ions lhat both
volcs (Mil ls ln Press) arrd lnrf l lcs are nearl\ ,  ab-
-en l  f . , 'm  , l r . r ,  . r l - .  - l r ,  ng lhe r r -  e . r r ' l i e r  - r r gg ' - r i , r n .

lhal ' t lepcndcncc on lhl pogeousl ectomvurtrhizal
fungi bv the westeln rerl-backcd voie probablv ac-
counls f()r thc latter 's disappearancc frorn
dcforested sites" ( l ;r 'c 'anrl  l laser 1982: l ] jJO7l.

Although oLrl results alc l imited to the -"umrner

lreriorl .  this is thc t irne 1or both marinrLrm truff le
consumption for the Cali f trnia lecl-backed vole in
soulh\estern Olr:gon (Havcs et al.  19136). anrl  thc

mo-.t limiled period of frLriting oi hrpogeous fungi
in gcncral ( l  ogel 1976; l  9{31 ).  Thus. the-se small
Icmnants of foresl rrral bc especidlr,  imp()f lant t{r
red-btcked volcs during the clrv season.

Conclusion

\ \c lbund LhaL clurirrg thc sumrner of l99l truf-
fles *crc practic:rllv absenL from voung c,iear.uts
in comp:rrison Lo udjaccnt lbrest remnanls. On ron
nanls. lnrff lcs 1!cre more often i trund under. logs
and ncar retl brckecl volcs. Our linclings mar bc
most releranl Lo the dricl  forests ol south$cstcrn
Oregon and nolthlrestern Cali fornia. antl  thele is
, ,  r ' l r r i nh  r re . , l  l i '  c \ rm in i  t l e -e  qu - . t i o r r -  uv  r '  . r
* idc v:u-icty ofsites. seasons, ancl vears. Neverthe-
iess. i t  aplrears that small  remnants of latc scral
for-esl can scne. least seasonallv" as vittrl rei ges
lol hvpogeous sporocarps and the small  rnanrrral
m_'-.colhagisls (N' l i l1s 1993) t 'hich eal and dispcrse
Lhern. T,ogs seemed lo be an important structure
fol rnairrtaining an lbunclance ol truf l les and rccl
irackcd voles on our forcst rcmnants (see also
fallmon and l\Iills I99,1. frlills In Press). Our studv
slrcngthcns other suggestions that coame woodv
, l " L l i -  m r r  h . ,  - " r . r l  r "  n r . r r r r t . r i r r i ng  l , i , , l , , g i ,  r r l  l r ' , 1
luncLiorral r l i lcrsitv across l iagmented lanrlscapes.
in both managed and onmanagccl forcsts ( l ' rank-
l in et ru 1. L91J I :  Spics r: t  al .  I9BB: Spies and Cline
l98B; Hansen et al.  l99l .  Tal lmon and l \ ' l i l ls
r99,\).
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