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Abstract
Snlall nanmal popularion densitie! arc highl! \'.rfi.rble across fofest stunds and landscapes. Thc species composilion and abun-

rlarcc of ecromy:conhizat fungi (EN{F) nraf influencc the abilit} of for.sls to pfovide suitablc habitrt for snlall mammals. Iden

tilica(ion and interprctation of chang.s in the rbunduncc of the\e organisms. or in their inrcr rclationshrps duc lo cxperimentrl

har!cn. requife thar \c ilrsr idenrii_v (hc pattefns llnd porcn!ial causes of nriLrra! r'afiabilily in drc pre-h.rNest communjtie\' Pre-

treahlcnt data $ere gathcred tiolll the Warson !-alls block of a green-tree relcnlion experinent lo cslablish blL\eline conditions.

The sir crpcrimentai lrcal cnts that comprise ihi,i block lic in r$o sprtiall) di\ljncl areas that dillcr in en|ironmenl and ibresl

composirion. the initial !ariabilit) in ENIF. snrall maDrnals. and lheif rel.rtionshjps was documenlcd. Three prilnary qucsllons

xre addrcsscd in this papcri (l) Afe the abundance and specic! composition of ENiF sporocarps sinilar bet$een the two arca\ ol

the Vatson l- alls block l ( I ) H ox does sporoc arp consumplion \ ary rmong small n1annnal specic\ and h) e.Ll (3)Forcommon

rru11]c gcnera. is sporocarp biomrss conclated$'ith the sporc iiequency oftho\c genera iD smNll mlmmxldiel\? TheWalson Fall\

bloct iras founrtlo have spatial rnd lcmporrl larirrioli in ENIF production. small mammal n,vcophrgy..rnd srrall mrnnnal

lbundance. Ho\\e!cr. truiTles $ere con\istenlly the primar,v food item in thc diet of.rlL three lmall mamnal sPecics in thrs study

Snull rna'nmrls rre polcniall,\'illrpo(ant agents ofrruIl. dispeA.Ll inlo dislurbed afers \Nherc EMF afe locally c:.liryated. This

studyfu hcrskno$ledgcof lheroleofsnt l l  manmal nycophigy inthe funcaonjng of  fofest  ccosvsGms.

lntroduction

Ectomycorrhizal furgi (EMF) lbtm symbiotrc
relationslips with the roots oftrecs and othet vcg-
ctiltion. Trees supply carbon fuom phok)synthe
sis to the fungi. ir turn. EMF absorb minetals
and nutrients lronr the soil and transfer them to
hcc roots (Smith and Read 1997). Mycorrhizae
ale essential for survival and gro$'th ofnost con-
iferoLrs forest trces alld olher shntbs ancl herba
ceous vcgetation (Fogcl and Trappe 1978).

Ectomlconhizal l lngal specics vary in thcir
rbundance and phcnology oft'ruiting (Fogel l98l;
Hunt and Trappe 1987: Luoma 1988, 1991 I Luoma
et al. 1991. 1997r Amaranthus et al. 199.1: Nofth
et al. 1997: States and Caud 1997) and in the
nutritional value of thcir fruit bodics (Fogel and
Trappe 19781. Various abiotic and biotic factors
intlucnce the lruit ing of EMF (Vil leneuve et al.
19911. Sporocrrps are non-uniform il l  distribu
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tion. varyilg trom a lew scattered tiuitbodies to
conceDtrated clustcls of numerous fruitbodies
(Nonh et al. 1997, States and Gaud 1997, Whters
et al. 1997). In planned experinrenls, docunen-
tation of eristing fruil ing patterns is crit ical to
the irterpretation ofchanges that nay result fron]
rnanipulation of treatment units.

Small nammals are integral componcnls ot
man_"- forcst ecosystems including the Douglas
Ir (Pseudotstrl.iu nerate.sli) forests that dominate
nuch ofthe rvestern Crscade landscape. Numerous
species ol forest dwell ing, srnall natrmals rcly
on the fruiting bodies of EMF as a primary source
oflixrl (Fogel and Trappe 197E, Mascr et al. 1986,
Mrser and Maser 1988. Hall 1991, \,\ 'alers and
Zabel 1995). A fbocl-wcb linkage of pa icular
interest is between the cldangered nodhcm spotted
owl (Strir ot:t:itlentall.r ..rrri?.r) and lhc nofihelt
flying squinel (Glaricotnts sabrinus). The norlhem
spotted owl fecds primarily on flying squirrels
over most of their range (Forsman et al. 198.1.
Thomasctal. 1990, Carcl' l99l). Nodhcmflying
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squin.els, in tum, require truffles, bclow-ground
fiuiting bodies of EMF. as thcir primary food source
(Maser et al. 1985. Carey 1995). Other mvco-
phagous (fungus eating.) small mammals. such as
chipmunks (TZurlas spp.) are prey lbr raptors (e.g..
goshawks) tud mammalian camivores (e.g., martcn
and lisher) (Foge1 and Trappe 1978. Mclntire 198.1,
Hayes et al. l986. Carey 1991).

The presence and abundance of EMF species
may chaDge during tbrest development (Trappe
1977, Mehus 1986. Tennorshuizen l99l). Truffle
fungi are primarily dispersed by sntall mamrnals
that eat the sporocarys and subsequently disperse
spore-packed fecal pellets (Fogel and Trappe l97lJ,
Masel and Maser 1988). The lcvel and pattem
of structural retention in harvest units may influ-
ence small mammal species dirccdy. thereby in-
directly influencing spore dispersal of EMF. Grcen-
tree rctention may aiso intluence thc composition.
abundance, ard fruit ing of EMF and thus indi-
rectl)'inlluence the abundance of small mammals
yla e1l-ects on their fbod soLlrces.

Studies of animal mycophagy arc mainly based
on stomach content or fecal pcllet analysis (Fogcl
and Trappe 1978. Maser et al. 1978. Maser and
Maser l988, Carey 1995. Watcrs and Zabel 1995).
These analyses can provide an accuralc record of
an animal's previous mcal. Fecal sample analv-
sis provides a non-lethal mcthod fbr long term
and integrated studics ofdiet habits. Forcsfdwell-
lng small mammal species that depend upon liuit-
ing bodies of EMF contain a diverse array of truftle
generaiD their fccrl rnaterial (Mascret al. 1978).
Small mammal population densities arc highly
variable across stands and landscapes (Carey et
aJ. 1992. Rosenberg andAnthony l992.Wirr 1992)
ancl the species composition and abundance of
EMF fruirin-q bodies may inlluence the abil irv of
lo ru : l \  l , r  I r ro \  idc  \u t l Jb lc  h rh i t i l l  l o l  sml  l l  r  J rn -
mals. Identifi cation and interpretation of chalges
in thc abundalce of thcse organisms. or of their
inter relationships due to forcst harvest. requirc
that we filst idcntily the patterns and potential
causes of natural vtriabil i ty in the prc-harvest
communltles.

The high divcrsitv of EMF in lirrests of the
Pacific Northwest suggesls thar habitats and cn-
vironmental conditions are also diversc. While
some EMF may thive in intensively mtrnaged
torests, most are likely adversclv afiected by such
nanagement (Anraranthus and Luoma 1997). A

diverse mosaic ofhost species, habitats. and struc
tures pronrote EMF diversitv at the scale oIland-
scapcs. Variation in communities ol EMF u'i l l
retlect variation in fbrest type. successional stagc,
and the distinctive assemblages of plants and
microhabitats within each of these. Silviculturrl
practlces can bc used to create habitat coldit ions
that maintain or increase EMF divcrsity. For ex-
rmple .  1<ar  ing  lu rge  t ree .  l ,  r l l ou  in !  regencr r t i , , l
harvests ("gleen-trcc' retention) mirintrins an
energy sourcc tirr cefiaiD EMF species and pro-
vides tirr firtule recruitnent of coarse woody de
bds, an inrportant habitat component for some
EMF (Amaranthus et al. 1994).

Until recently, l irnited consideration has becn
givcn to the conservation of EMF. dcspite their
known ecological importancc. The Northwcst
Forest Plan (USDA and USDI 199.1a) norv di-
recl\ Inre5l ntanrper\ lo incorporrle rirre \p(cie\.
including tungi. into future lbrest managenent
activities. The standards and guidelines of the
Plan require that t'ederal ecologists and botanists
create rnd naiDtain databases of knotv sites of
r r r re  lunc i .  rnJ  Ih  t  the)  dcre lop  .pe l  ie .  o r  r re r r
managcment phns forthcsetllxa (USDA and USDI
199,1b). The report l ists 527 specics oftungi thirr
afe thought to be closeh associated with late suc
cessional forcsts; lipproximately 807r ofthesc rre
thought to be EMF Srudies of the spatial and
tempoml distributions of EMF ald of thcir con-
surnption by small mammals in unnranaged lbr-
ests are a necessarv tirst step if u'e are to under-
sland the coDsequcnce of f lture managemenl
practices lbr these critical clcments offorest ec()-
systems.

ln this papcr we describe some of these rcla-
l ionships in lbresls that wil l be haNcsted as pa
ofthe Demonstration of Ecosystem Managcnrent
Options (DEMO.) srucly (Aubry et al. 1999). The
strong contrasts in ler,els and patterns of carropy
covcr produced by thc six retention-haNest tr.eat
ments arc likely to influence habitat features and
envirolrmental conditions that in turn wil l alfcct
populations of EMF and small narrnrals. How-
ever. init ial difterences in Lhe distribution and
abundance of EMF ancl smlll mammals may have
equally important etlects on post-treannent re-
sponscs.

Thc six experimental units that we consider
rn the cuncnt study (the Watson Falls block) l ie
in two spatially distinct areas that dil ler in envi-
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ronment and forest composition. Thus. it is nec-
essary to quantil) the initial variability in EMF.
small mammals, and thcir interactions to facil i-
tate the sepantion of treatment-eflects fiom an)
etlects duc to prc-htrNcsl dilTcrcnccs. Tothiscnd,
we llose three fundanental questions about the
.patial irrd tenrporul \ r irt iL,n oI EMF .l]tJro(irLi?.
and their consLlmption by srnall mammals prior
to lbrest han'est: ( I ) Are the abundance and species
composition of EMF sporocrrps sinri lar betn een
the two areas ofthe Watson Falls blockl (2) Ho$
cloes sporocarp consumption vary among snrall
mammal species and by location:) (3) For the cotrt
nron truflle genela. is sporocarp bionass corre
lated with the l iequenc) of spores tiruncl in the
Itcal matcrial of snall mammals?

Sinilar studies will be conducted fbllo*ing
harvcst thus yiclcling iniirrnation on hou levels
and patterns of green tee retention alter the iibuo-
dance and distribution of EMF and of thc small
nranrmals that consume these species. Both sets
of studies are critical as lbrest managers seek to
incorporate basic ecolo-gical knowled-qe into tirr-
est managelnent policies and practices.

Methods

Exper imenta  Des gn

The Denonstration of Ecos,vstem Management
Options (DEMO) study consists of six green-tree
rclenlion trealn'rents replicated at eight geographic
locations (blocks) in rlestern Oregon and \! 'rsh-
ington (Aubr)'et al. 1999). The treatments con
sist of tbur levels of l ir,e tree retention (15. ;10.
75. and 1009i of cxisting l ivc-tree basal area),
wilh 1lr,o paltems of retention (aggregated and

dispersed) applied to the 15 and,109c reteDtior
treatnerts. The aggregated pattem consists of
residual trees retained in I ha circular patches;
the disper-sed pattern consists of lesidual tlees
unitbnnly dispersed throughout the unit (see Aubrl
e t  a l .  l l 999 l  fo r  de t l i l s ) .

Study Area

Three treatmel]l Lrnils \\ere es|ablishcd in cach ol
the hro pimary sludl areas that comprisc the
Watson Falls block of the DEN4O cxpcrimcnt (see
Figure 3 ofAubry cl al. [1999]). The two areas.
nanred tbr local geographic leatures. ToketeeAir
strip and Mowich Park. Iie approximately l2 krr
apart u'ith an elevational dit'ference of about 350
n (Table I ). Both areas are comprised of I I 0- k) I 3( I
yr old forests dominated by Douglas Iir thaL origi-
nrtcJ iollou ing u i lJfirc. Other lrsc \fsri(\ \Jr\
in impo ancc rrnong trcatmcnl units (Table l).

\\ratson Falls lies nofihwest of Crater Lake
National Park u'ithin the zone of helvy dcposi-
l ion of volcanic cjccta that oliginatcd fronr the
eruplioD of Mt. Mazama 7.000 1-r B.P (Baldrvin
1981). Thus. soils arc dccp (1.0-2..1 m). well-
drl incd, loamy slnds dcrivccl fronr volcanic ash
and pumice. Surface soils contl in low levels ol
organic matter. clal compounds. nit logen. cal
cium, and magnesium (Radtke and Edwards 1976).
The terain is f lat to gently sloping. Thc climatc
is moderale, uith u, ann dry summcrs and coo)
\\,et u'inters. Precipitatioll lalls in cqual propor-
tions as rain and snow at the Airslrip unils. but
primarily as snow al thc Mowich units. Annual
precipitation averages ca. 1.525 nm (U.S. Wtather
Selvice lecords tbl LemoJo Lake).
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Irig ure 1 . S che m.rtic ol slm p le I lol la) o u! li ). li rsi . Plots $ ere dispefsed throLrghour cach c\pcrimental un it. Three peflnancnl .

2 \ 50 r mushroon srnrple pl(ns (numbered I -l) $crc loc.rted witlin the pfimar! sa pling grid (8 x 8 rr,10-nr
\prcins). l hree trin\ic|l. I r 50 Dl murhroo plot\ (nuJnbered:l 6l $ crc c \r.rblished at clift-erent locations around lhc
gr id.rnd $efe replaced cach s inplc \casoD. Trunsects loc.r teddor\ .  lhc ccnlcr  of the non-pefn nenr mlr \hroo plo l ! ,
contr ined.  re\pect i !e l \ .8.9.  and 8.  cncular : l  n l ' t ruf i le  p lo ls fof  n 100 nrr  lo la l  salnple are.r .  Truf i le p lds $ere pl iccd
. .  4  n l i n . l . - , , r '  r , r .  l | I r \ . . 1

Sampl  ng  o f  Funga Sporocarps

Sporocarps of EMF werc sampled from all treat
lnenl units cluring October 1993 and June 199.1.
These are the peak t 'r 'uit ing tinrcs tirt EMF in our
region. Mushroom species \\ 'erc collccted t 'rom
6 strip piots (2 x 50 m ) per treatment unit 1or cach
seasonal sample (Figurc 1). Three ofthe stdp

plots were pernanentlv inslallcd and $'ere pLaced
systematicalJy to maintain a disperscd sanrple
pattern. The relnaining three plots wele also sys-
temrtically located within each unit, but rvere used
only once during each seasonal sample: three new
locations u'ere chosen the following season. Use
ol thc tcmporary sffip plots increascd the area and
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diversit) ' of habitat sampled. All sporocarps of
EMF mushrooms were collected fiom the plots
and disLinguishing l icld charactcristics notcd. ln
the field facility or laboratory. sporocarps were
identilied to genus or species. dried. and weighed
to the nearest 0.01 g Lo deterll ine biomass.

Trufl'les were collected fiom 25. circular 4-ml
plots in each treatnrent unit. )'ielding atotal sample
area of 100 m'erch season. Truffle plots were
placcd cvcr)' 6 m along a transcct within thc thrcc
lenporary mushroom strip plots (Figure l). ln
each trullle ploL, the forest floor was raked to a
depth of5-10 cm. exposing sporocarps in the upper
* ' i l  l r r le r ' . .  D is t i r rgu i .h ing  f ie lJ  (h i r r . rL . l c r i . l i ! .
such as handling reaction and odor rvere noted.
In thc laborat()ry. sporocarps wcre idcntif ied to
species. dried. and weighed to the nearest 0.01 g
to determine bionass.

Sampl ing  o f  Arborea Rodents  and Smal l
Nlamma s

Within cach of the trcatmcnt units, arborcal ro-
dents and small namnals were sampled using
an 8 x 8 or 7 x 9 trapping grid *ith a:10 m spac
ing between gdd points and a buflel of at least
50 m betrveen stand edges and the trapping grid.
Animal abundance was determined fron first
capturcs only.

Arboreal Rodents

Alboleal rodents rvere sampled using the meth
odology ofCarey et al. (1991). Two Tonahawk
201 livc Lraps wcrc placed at each grid point. One
trap rvas pltcecl 1.5 m above ground on a trcc.
and the second at thc -sround ncxt to a natural
driti t'encc (c.g.. krg or snag). All tlaps wcrc placed
*ithin l0 m ol the grid poini. Traps were cov
ered with a waxed cafion to protect animals lron
rain. A nest box containing polyester batting and
bait (a mixture of peanut butter. molasses, and
oats) was placed in each trap to provide shelter.
n rnrnr /c  h )  p t ' rh r :  rmn.  . rnJ  p reren t  . t c r r r l ion .

Arboreal rodents were trappcd ti)r two con-
seculive 4 day periods in Septenber 1993 and
June 199.1. Total nunber of trap nights per tfeat
ment unit per sample season was 102:l for treat
ment unils with an 8 x 8 grid spacing and 1008
fi)r thosc with a 9 x 7 spacing.

Small Mammals

Small mammals were sampled using Shennan live
traps (8 x 9 x 23 cn) and non-tatal pitfirll traps
(twoNo. l0-tin cans, stacked ardioined with duct
Lapc). Shcman traps were placed l0 m apart on
a l0 x l0 grid within the larger permanent grid
system lbr a total of 100 traps per stand. We used
a subset (36) ofthe permanent grid points forpit
lall traps. Both types oftraps were placed within
3 m ofeach grid point along a natural drift tence.
Sherman traps were coveled with a waxed carton
slecvc to providc insulation and shelter and poly-
ester batting was added to minimizc hypother-
mia. A plastic collar nested in the top of the pir
t'all trap prevented an imals fiom escaping. A waxed
cafton containing polyester batting was placcd in
the bottom of each pitfall trap to provide insula
tion. All traps were baited with a mixture ofpea-
nut buttct molasses, and oats.

Small mammals were trapped fbr two consecu-
tive .1 day periods in October 1993. The total
number of trap nights per stand was 1088 (800
for Shcrman traps.28U fi lr pit lall traps).

Diet Analyses

Fecal pellets from trapped northern flying squir-
reis. Siskiyou chipmunks (?nrias slsi4'oir), and
wcstcrn rcd-backed voles (CIethrionon1"s cali-
ftrnricris) were collected from individuals that had
bccn capturcd for the tirst t ime cluring both:l-
day trapping intervals, and from all captufes on
the 1llst capture day of Lhe second wcck (we as-
sumed the 3-day period between fapping sessions
was adequate firrbait to pass thrcugh the animal).
Fecal pellets were taken directly from individual
animals or. if pellets fell during handling, they
were collected only fiom clean, dirt-free surfaces
to avoid introduction ofextaneous spores orplant
natcrial into thc sample. One to five f'ecal pel-
lets were obtained lrom each individual and were
placed in paper envelopes labeled with collection
information. Fccal pellets of Siskiyou chipmunks
and western red-backed voles were not collected
during the spring sample period.

In thc laboratory. two samples of pooled fecal
pellets were prepared tbr each small mamnal
spccies from each of thc six treatment units (fol-
lowing Method 2 ofColgan et al. [997]). Each
pooled sample consisted of pellets randomly se
lected from threeto six individuals. Podingreduces
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the time required to collect and process samples,
and is efficient for examining heatment-level re-
sponses where among-individual vadation is not
of interest. Each pooled sarnple was placed in a
small vial with two or three drops of 957" etha-
nol to dissolve lipid layers of viruses. Four to
five drops of distilled water were then added to
rehydrate the samples for48 hr at room tempera-
ture. Pellets were macerated and mixed thorougl y.
Thrce drops ofthe lesulting suspension were placed
on a microscope slide. Two drops of Melzer's
reagent (iodine, potassiuDr iodide, and chloral
hydrate in aqueous solution) were added and cov-
ered with a covcr slip. Three slides \\"ere pre-
pared in this nanner tbr each pooled tccal sample.

For each of the 3 slides. 25 randomly selected
fields of view wcre examined at:100x magnitica-
tion with acompound microscope. Fungal spores
were identitied to genus according to Castellano
et al. (1989). It is dift icult to distinguish between
the closely related gcncra Rhizopogtnt utdTrt,r.<:o-
colr.rnel1a solely by sporc moryhology: thus these
taxa were grouped in subsequent anal)'ses. ln
effect. this grouping affects only lall dat becruse
TnorocolumeLla cloes not fruit in the spring
(Luoma 1988). Plant material (e.g., seed pafts,
pollen, and other vegetativc rnaLerial identified
by morphology and the presence ofchloroplasts)
*'rs also identilled. Frequency of each item of
the diet (e.9., spore type or phnt matcrial) was
calculated as thc percentage of occurrence of a
particular tbod type frorn the 75 possible lields
in cach pooled fecal sample.

Statlst ca Ana yses

Statistica) comparisons of EMF sporocarp biom
ass, small manmal abundance. or f'requency of
dietary itcms in small mammal fecal pellets were
conductcd using two way or one rvay analysis of
variance (ANOVA). Main effects for these
ANOVAs u'ere area, animal specics. or season.
Data wcrc variously tnnsformed to more closely
meet the assumptions ol normal distribution and
constant variarce (Sabin and Statiord 1990).
Sporocarp biomass rvas log lcaLtieriu. H|ster
an g i un t, R I t i.- o p o g o r t/Tt' u n c o u une I I a, total tntftles )
or square root (Bolctaccae. Co inadaceae. total
mushrooms) transtirrmed. Sporocarp biomass
variables that could not be successtully trurstormed
to meet the assumptions of normal distribution
and constant variance (as measured by skewness
and kertosis) were rank transformed (Aphyllo

phorales, Russulaceag, other mushrooms, lerco-
gaster, othertruffles). Nothem flying squirrel and
Siskiyou chipmunk abundance values were square
()ot fansformed. Westem red-backed vole abun-
dance was log transformed. Dietary item variables
were all rank transfomed. Fisher's protected least
significant difference was used as a multiple com-
parison procedure (p S 0.1) oniy when thc ovcr-
all ANOVA 2 value was ( 0.15. Given the nu-
merous ANOVAs conducted, tindings of statistical
significance should be interyreted with caution.

Abundance of truffles may allect the amount
ofplant matedal that mycophagous animals con-
sume. Regression analysis was used to test the
rclationship between truffle sporoceLrp biomass
produced in a unit and phnt material frcquency
recordcd fron fecal pellet analysis of the three
small mammal species. Plant material frequency
values were log tfansformed.

Because the assumptions of normal distribu-
tion and constant variance could not be mct by
transtbrmation of truftlc spore frequency values,
non-parametric correlation was used to test the
relationship between truftle standing crop biom
ass and mean frequency of truflle spores in fecal
pellets. In all analyses. Rhizopogon andTruntttt:o
fuze11a sporocarp biomass was combined, con-
sistentwith the procedure usedin identitying spores
liom lecal pellets (above).

Results

Funga B omass

Perk  'eurunu l  t ruHle  s t rn , l ing  c r , 'p  b i . ) rn i r \ .  c \ -
ceeded that of ectomycorrhizal mushroom bio
mass in both fall 1993 and spring 199:1 (Table 2).
Over 85c/c of the total EMF sporocarp standing
crop bionass was composed of truffles. ,llftl:r.,
pogon/Tnncocolumella had the grcatcst sporo-
carp biomass of all groups in lall 1993 (Table 2)
and Cautieria rn spring 1994 (nrble 2).

Sporocarp biomass was different @ ( 0.10)
tbr some truffle or mushroom species groups be
tween the Ai$trip and Mowich areas (Table 2).
Seasonal difterences tirr Russulaceac, Hlslerza-
giLrn, Leu.oguster, and Rhizoltogon/Truncoco-
luntelLq did not vary between areas (Table 2).

Sporocarp biomass did show an interaction
bctween season and location (Airstrip andMowich)
for Boletaceae, Cofiinariaceae, total mushrooms,
G aut ie ria, <rther trrfflc s, and total tru ffle biomass
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I ABI-1_- l. \4cin slandrrg crcp sporocaF bromai! (g,he dr) $cighl) (t

Frlls .rnd fof the t$1r seasons s npled. fall l99l xnd \pring
I SE) rnd,{NO\A results ir t$o stud) rreas at Walson

199. |  n = 6.

Ful lgal( l rorp N{o$ ich Sping

Nlushroons
Aph,,-lloph0rrlcs
B0lc l rcc i rc l

Russulaceae
Othef lnusbrooIns
Tolal nrushroomsl

Ttu|toel rn(lla
Other truftle\ l

Totrl truftles l

l tE { 100)
:19 (2E)
2ri (6)
56 (53)
.:16 (20)

307 199)

s08  (216 )
121 i91)
133  (7O

r509 ( r051)
80 (-18)

t655 (979)

l 1 l  ( 117 )
58  ( r8 )

106 cgl
17 .1  (126 )
)9 (23)

IUs ( l .1E)

2278 ( I ,l l0)
913 (,160)
,120 (2211)

| 39.1 (5 r3)
l106 (666)
611 I  ( 2260 )

251  (106 )
50 ciJ)
16  (  1 r )

229  (  r 2 t )
18  (9 )

5rJ5 ( 102)

'71 (5))
8s (ss)
32 (32)

21/1 l91t)
68 (.14)

2736 (98:l)

( 157 )  0 .3  |
( 18 )  0 .?  |
13 l l  0 .01
r l)  0.002

(27) 0.61
( 1 8 7 )  0 . l 7

0 . l 9
0.11
0 .01
0.79
0.57
0.03

0.82
0.49
0.3'1

0.62
0 . l 5
0 .11

211
5 8
9il

I
5',7

.130

2 7 1 0 1 r 3 t 8 )
r255 (365)
521 (203)

,t?8 (125)
I I  l7 (662)
6031(1281)

0.002
0.007
0.00.1

0.03
0.03
0 . 1 1

/, vrlue\ frcm ANOVA br\ed on tmnsfbrmed data.

:Sjgni i lcant  area bi  serson interacr ion precludes s imple main elTects compadsons.  SeeTable 3 fofdetai led interaci ion ef fects.

(Table 3). Total ectomycorhizal mushroom bio-
mass vus signiticantly lowcr in thc Airstip area
in spring l994 (Table 3). More than 92% of the
sporocarp bionrass in spring 199,1was fron hlffles
and total truffle bionass was signilicantly grcater
in the Mowich area (Table 3).

Sma N,4ammal Diets

Spores fron a total of I I truffle genera were de-
tcctcd in thc fecal pcllcts ofthe three small man]
mal species. Four genera were encountered u'ith
liequencies ) l07r (Table :l) and rvere considcrcd
the major food itcnrs for anallt ical purposes. In

contrast, the frequency of mushroom spores in
l'ecal pellets was very low: thus, mushrooms were
dropped fiom the analyses of dietary patterns.
Spores from the mushroom groups Aphylio-
phorales and Russulaceae were not detected in
t'ecal pellets despite their common tiuit ing in all
stands (Table 2).

Fall

In fall 11993, 1l/rirr.,pr )!.iotL/TrLn.ocolLmk llo truffles
were the dominant fbod items in the diets of all
thrcc mammal species (Table 4) and shorvcd no
diflerences in occunence among them (Table 5).

I AtsLE 3 Afer bI \erson interartLon elleets on mean nandirg crop sporocaF bionass (g/ha dr) lvcisht) (:t I SE) in lwo slud,"-
re.rs ut $'atson l.rlls and ibr thc t$ o sca \ons sanrplcd. tall | 993 and sprirg | 99,1. Fungal groups thal do nol s| are a
supehcript lcrrer ucro!s arca\ and \ca\ons arc signiiicantl) different b,v Fisheis Protected LSD test (/ < 0. | ) bascd on
trlnslinnrcd dala: n = 3.

q i r \ t r ip N{o\iich

Fa l l  Sp . ingfungal Crcup Fall Spring

Ntu\hIIxnns
Bolctirccrc
Coft inar i rceae
Totrl mushroolns

Trul11es

Orher lrulllc!
Tola l  t ruJl lc \

10"  (6 )
33 (3)
11  l '  ( , 11 )

EE-l '  r2E6)
t9" (26)
t280 "  (57 r )

10 .  ( 8 )
-50 (23)
666 -  (  19  r )

lof (10)
57 -  ( 57 )
2.1.10- (657)

106" ( '10)
161 "  c l )
7.19. (266)

:1517 (229,1)
2156b ( 105.1)
9780h ( 3.110 )

21"
503

1-]]"
ri0,
-r030.

(:llJl
( i 2 l
{95)

r 100)
(80)

c079)
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Frequenc,v
(1 l sE)

TABLE 4. Mean frequency (c,) (1 I SE) oitruifle spores or

piantliagments ir lecal pellets from weslcm rcd

brcked volcs.  northern f l r " ing squlrre ls.  and

Sisltiyor chipnunls at [htson F. ]s. lall 19931

occurencc in ttcal pellets and sporocarp biom-
ass within a trcatment unit (Table 7). Total truffle
standing crop within a unit did not colTelate sig-
nificantly with the liequency of plant material in
the diets of the three mammal species, horvevcr
there was an inverse cofielation fbl western red-
backcd voles (rho = 0.60. p = 9.13).

Spring

ln spring l99'1, Cautierio. Hl.sterangiun, Leuco-
guster a\d Rhia.oprrgofi (TrurtcocoluntelLa docs
not fruit in spdng) were major tixrd itcns in thc
diet of northern l1ying squirels, the only animal
cxanined that season. No difterences in the tie-
qucncics of truffle spores in lecal pellets rvere
observcd bctween the Airstrip and Mou,ich areas
(Table 8). The frequencies of Gurtiericr tnd
Hrsterdtryilln sporcs were higher in spring thrn
in fall for northern flying squirrels (Tables 5 and
8). The Mowich area had lower Rlti:oltogon/
Trunutcolumella spore liequency in spring than
fall (Tables 5 and 8).

For the tbur major spring tind items as a group
and individually. no strong corrclation belween
t ru i i le . tanJ ing  erop  and :p ( \ re  f requrnc ic .  $er (
lirund (Tablc 9). For northem flying squinels.
the dietary frcqucncy ofplant matedal \\"as nega
tivel), correlated with R/rli..?.rgo, sporocarp bio
mass (r = -0.75, p = 0.011).

Small l\,4amma Abu ndance

Wcstcm rcd-backed voles wele nost abundant (fall
onlv) lbllowed by Siskiyou chipmunks and north
ern flying squirels (p ( 0.05). Siskiyou chip
munks wcre more abundant in the Morvich area
than the Airstrip uea (Table 10).

Tru l l l c \

R h i.opeon/Tn L oL oI tI Dt ( I | |L

Phnt materiul

37.3 (. t .E)
I | ,1. (.t.-l)
l + .5b  {3 .1 )
99 7. (0.3)
63 .1 .  c .3 )

Food item liequerc_r- \ulucs lha! do not shrfe a mpefscript

lettef rre signif'Lcarllr dillircnt by Fishef \ Protected LSD

t e s t  ( t  <  0 . l ) .

Thc impo ance of other tungal genera varied in
the diets of small mammds. Norhem llying squir-
rels had a significantly Qr 3 0.1) higher tiequency
of Gdrticri.i spores in fecal pellets than did westem
red'backed voles or Siskiyou chipmunks (Table
5). Western red-backed voles had a signiticantly
(p ( 0.02) lower fiequency ol Z.r irc.rg.rr /c,. spores
in f'ecal pellets than did Siskiyou chipmunks (Tible
5r .  S ign i l i c rn t  u rc l -b1  . rn iml l  in te r rc t ion '  uere
found for lfi stcrrriig,rrl and plant material (Table
61. Gautieia spores werc more frequent in fecal
pc l le t .  t i  ' rn  rhc  \4ou ich  r re r  rnd  Ht i ,  rn iq iu  l
spores liom the Airship area (Table 5).

For the three most tiecluent truftlcs as a group.
the corrclation belween truffle starding crop and
truflle dietary frequcncy rvas significant for all
threc marnmal species (Table 7). Individually.
however. none ofthe najor truffle genera showcd
strong cotrelations benvccn frcquencl' of spore

lABLE 5. I{eru tiequenc} (riI (l I SE) ol rruiilc spores or planl fragment\ in ltcal pellets liom rhfee $r rtrl species and
A\OVA rerult\ in mo \rud] afe.rs .rt \\:rLt\on Frll\. firll 1991. lood ilcn !aluc! thal do nor shirc a \upcrlcript lcrrer

among anin l\ rre significltllrl) difllrcnl by Fishcr's Prctectcd I-SI] Iest (tr < 0.I ) based on tmn\fofmed drt.r.

Arca fn = l8i A n i n l ( n = l : )

Food Item Nio$ich
nofthernf ly ing Siski ) -ou

squrnel lhipmunk

Tnolcocolunielld

Plant nlaterial

11.0" (s 2)

- r . , 1 ' ( 1 . 3 )

1 .6  (5 .2 )  59 .9  (1 .  r )
2l i .E (6.-1) l0. l  (5..1)
10.5 (3.2) 20.3 (6.7)

100.0 (0.0) 99.1 Q.7)
58.,+ (3.1) 69.8 c.6)

0.000.1
0.02
0.5 t

0 . r 5
0.0006

6 .1 .7b  (15 .0 )  28 .3  (10 .9 )  0 .15
20 .9  (10 .9 )  l 8 . i t  ( 9 .7 j  O .1 l
17.2r t0. l)  _:9 76 (r0.5) 0.02

99 .9  (0 .1 )  1000  ( )0 )  91 i . 7  (1 .31  05 ,1
61 .6  (1 .6 )  51 .7  (11 .3 )  70 .1  (3 .51  008

'Signifcant ea by annn|l inter!ction prcchrdc\ \irnplc nriin etfects corrparison,t. See Table 6 for detrLiled intefaction .fect\.
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TABLE 6. Arer b) .rDinal interactioD ellects on the me rn frequenc) ( t; ) (1 ISE) of ,Yr rr"r.JrRirrl, spores ofpl.rntfragmen!sjn
fecal pelleis frorn lhrcc small mamlnal species ir two study locations at \\arson l-alls. fall 199]. Vdues rhar do not
shafe r superscr4x letter across areas and animals arc sjgnilicantly dillerent by Fisber'\ Prorected LSD lcsl (/ < 0.l)
balcd on lftnslbnned data: n = 6.

Food Item

Alr!lno
$ i n . r r  r . J  n J  h c m  r  ' i r . "  S ' . 1 i 1 ,  r .

b1cl .d \^  c .ourn( l  (h.pmu. l .
uestem red- nortlrern iting
backed vde squirrcl

Siskiyou
chipmunk

Plant rl1alcrirl

33.,1'  (7.7) 17.0' (21.9) 3.0f (1.51 0.0b (0.0) 10.2, (10.2) 3.1.7. (17.6)

63.1 (1.2) 20.5b (15.1) 66.3" (.1.2) 6:1.7" (2.0) 12.6" (8..1) 78.0. (1.6)

TABLE 7. Spearnran rank corrclation. rho. bctwccn trullle standirg crop biunass and mean frequencv of tmfllc spores ir lecrl
pe I lets. ran ked b! trealmen! uni! (n = 6) of thc Watson Falls block, lall I 993 I I lalues r n parenthcscs.

Food Item western red-hacked \.'ole nor lhcrn Ll )  inI  squlLrel S i \ k  \ n u  c h i t m u n k

Rhi. t) p o g on/Trut rc oc d wn( I I a

0.5E (0.20)
,0.34 (0.,13)
0.13 (0.77)
0.70 (0.00,1)

0.65 (0.15)
-0.36 (0.43)
0.50 (0.26)
0.66 0.007)

-0.18 ().5:ll
0.09 () 8,1)
0.66 (0.1,t)
0.6,1 (0.u08)

TABLE 8. Mean frequency (%) (11 Sts) of lrufflc spores or
plant iiagmenis in norihern flying squirrel tecal
pellets and ANOVA fesults from iwo study areas
at\lirrson Falls. spring 199,1. Whole block food
itelns that donot share asuperscript letter are sig-
nificantly different b)' Fisher's Protected LSDtest
(,, < 0.I ) based on translbnned data.

TABLE 9. Spearman rank correlation. rho. between lrulllc
nanding crop biomass ard mean frequency o1'
lrulllc spores in lecal pelleis of nofthern flying
lquirrel!. rankcd b) trealment unit (n = 6) ofthe
\latson Falls block. spring 199,1: p values in pa-
rentheser.

Food ltem lp)

F00d lteln Mowich 0.09
ti .38

-0.6.1
0.52
0.2-l

(0.E.l)
(0.,r l )
(0 . rs )
(0.251
(0.2o

Truilles

Planl llratefial

91 .9 (8 .1 )  96 .5  ( - 1 . , 1 )
87 . r ( , 1 .1 )  56 .7  (22 .5 )
10.9 (6..1) 9.7 (5.5)
99 .3  (0 .7 )  8 , r . 8  (10 . r )
7 .3  ( r . 6 )  29 .0 (12 .2 )

0 .79  9 ,+ .2 ' ( , 1 .1 )
0 .73  71 .9F (11 .3 )
0 .85  10 .3 ' ( 3 .E1
0.26 92.0. (5.6)
0.16 18.1. (7..1)

Discussion

Sporocarp Abundance

Our results suggest that there are potentially large
differences in the distribution and abundance of
lungal sporocarps among our study sites, but that
these diff'erences may bc apparcnt only during
particular seasons. Truftles in particular showed
strong seasoDal effects. For example, the pro-
lif ic spring fruit ing of Cartlerla and other minor
trufflc species at Mowich produced standing crops
three to four times greater than those observed in
the same locations in tall or in either season at

the Airstrip sites. Similar seasonal vadation in
truffle production has been notcd at the H. J.
Andrews Experimental Forcst. 100km to the north
of Watson Falls (Luoma 1991).

Truffle biomass greatly cxceeded nrushroom
biomass during both sample periods. Sinilarly.
in a study of 15 Douglas-tir stands tiom south
western Oregon, truffle species were seven ofthe
ten nost abundant produccrs of sporocarps (D.
L. Luoma, unpubl. data). These below ground firit
ing fungi are insulated fiom desiccation and lieez
ing effects thatcan prevcnt mushrooms from reach-
ing spore matwation. Although fall is generally

12 Cazares et al.



TABLE 10. Number ofcaprures per l00lrap oights (11 SE) ollhrce manrnralspecies in the iwo stud) localions alWatson Falls.

and tbr rhe rwo seasons sampled, tall 1993 and spring 1994; n = 6 except n = 3 lbr lhc Airstrip vs. Nioll ich compari-

son of westem red-backed loles.

Spring

westem red backed \'ole

northcm flying squirrel

Siski lou chipmunk

,1. r (0.8) ND:
0.9 ().3) 0.3 (0.1) 0.23
2.2 (0.5) 3.2 (0.9) 0.21

5.0
0.5
t .5

3 . 1
0.8
t.9

0.13
0.37
0.005

(0.7)
(0.1)
(0.1)

( l . l )
(0.2)
(0 .1 )

tr \aiues lio l$o $ayANOVA based on fanslbrmcd data.
rND = \(] data.

when mushroom produclion is greatest (Fogel
and Hunt 1979t North et al. 1997; D. L. Luoma.
unpubl. data), fall mushroom biomass was low
in this study. In subsequent yea6. mushrot)m
biomass on the WatsonFalls block was 8-10 times
greater than in fall 1993 (D. L. Luoma. unpubl.
data). We hypothesize that weather pattems are
largely responsible for the low mushroom pro-
duction in 1993. Unusually droughty conditions
persisted from late August through mid-October
tnat year.

Generally in our region, annual and seasonal
truff'le prcduction arc Iess variable than mushroom
production (North et al. 1997; D. L. Luoma, unpubl.
data). Truffles also fruit over a longer period of
time (Fogel and Hunt 1979. North et al. 1997).
For  e rarnp le .  r r  r ,ne  - l -h i r  pondero .a  p ine  s i te  in
southwest Oregon. truffles have been fbund ev-
ery week of the year (J. M. Trappe. unpubl. data).
Both the seasonally-extended availabil ity and
greater biomass of truffles increase their depend-
ability as a food source for small mammals.

Mycophagy

Ourtinding that nonhem flying squirrels consumed
Gautieri| morc ftequently than did westem red-
backed roles orSiskiyou chipmunts provides field-
based support for a similar pattem observed by
Zabel rnd Waters (1997) who lbund that f lying
squirrels prefcrred Gartieri.i in "cafeteria-style"

t'eeding trials. Theif study did not include Rll:o-

2ogarz, which we found to be nearly ubiquikrus
in fecal pellets and which had the greatest sporo-
carp standing crop during tall 1993. Rhizoltogon
and Gautieri.t sporocarps may be particularly
important food sources in these lbrests.

That allthree small rnammal species consumed
Gautieria less frequently in the Airstdp units is
not easily explained by variation in standing crop

alone. which if anything, was slightly higher in
the Airstrip units during fall. The significantly
higher number of Siskiyou chiprnunks in the
Mowich units could have incrcased predation rates
en Gautieria in thal area and thereby lowered stand-
ing-crop biomass. Spatial patterns of consump
tion may be a consequence ofinteractions between
sporocarp availability, small mammal abundance.
and fbod item preferences leading to complex
competitive effects among small mammal spe-
cies that vary spatially and temporally.

In the 1all. the biomass of ectomycorrhizal
mushrooms equaled orexceeded that ofthe truff'le
genera Gautieri o and Ht,sterangium. Yet, despite
the comparable abundance of mushroom sporo
carps. truffle genera were significantly more fre-
quent in the diets ofall three small mamrnal spe
cies. This suggests that truffles arc a preferred
food in these Douglas-tir stands. No spores of
the mushroom groups Russulaceae or Aphyllo-
phorales were found in the diet analysis ofany of
the three small mammal species even though their
sporocarp biomass exceeded that of all truff'le
genera except for R hiz.op o g o n/Tr un tt xt t lume Il a.
Thus, EM mushrooms do not appear to be a di-
etary staple for these small mammal species in
the Watson Falls block.

Both Cautieria and H-\sterungiun appear to
be consumed, to some extent, in proportion the
their seasonal abundance. ln contrast, although
Rhizo p o gon/Tr unc ocolirmella biomass decreased
.harp lS  in  lhe  spr ing .  i t  reml ined ln  imponant
component of the diet of f lying squirrels. Thc
results of other research and our own observa-
tions lead us to speculate that Gaulieria Jnd
Rhizopogon may be equally prelerred as food by
northern flying squirels. When maintenance of
small mammal abundance and diversity are goals,
management that maintains sporocarp production
by truffle fungi may be crucial fbr success.

Small Mammal Mycophagy 13



Dietary Correlat lons

ln our study. the positive correlation betu'een fie-
quency of Gtuttieria sporcs in northcrn tlying
squirrel fecal pellets and Gaurir:rla biomass lends
further support to the hypothesis that northern
flying squirrels have a prefercncc 1br this gcnus.
Colgan (1997) fbund thtrt despite the reduced tiuit-
ing ol Gautieria in thinned stands. t lying squir-
ru l .  l r i rppeL l  in  those . tunds  \ \e re  e , 'n t inu ing  t , '
utilizc Gautieria as a dominant food silurce. He
hypothesized that flying squirrel preference fbr
Gaatir:rld could further reduce standing crop bio-
mass in those stands (bcyond that induccd by the
th inn ing)  fo rc ing  f l y ing  squ i r reJs  to  ob ta in
Caillleia outside the thinned treatment areas. The
nruch lrger. contiguous treatment areas of the
DEMO expeliment wil l reduce the influence of
this typc of edge clfect.

The significant correlation between trutle
standing-crop biomass and liequency of truftle
spores in lecal pellets tbr the pooled tood items
must be view with sone caution. The co[elation
rvas n.rainly tl're result of a fe\\" hrgh Rhi:opogon/
Truncotoltunellu sporocalp biomass values co-
incidirg with high dietary fiequency values while
Gautieriu tnd Hl"sterurgfunr tended to have lorver
bionass and spore l iequenc_"- r 'alues. As an indi-
vidual lbod item, there is no correlation betrveen
truffle standing crop biomass and frequency of
trutfle spores in fecal pellets for Rhizopogon/
Tt'u n trtut lton e | la because these are eaten ubiqui
tousll'. regardless of vadation in peak season stand
ing crop biomass.

Negative correlations between the Siskiyou
chipmunk r'nd (]autieria may indicate that in-
creased competit ion for truft ' lcs rcduccs sporo-
carp standing-crop biomass. Norrh et al. (1997)
hale demonstrated predrtion eflects on trutl le
strnding crop in northwestern Washington. In
sprin,r. the negativc conelation between fungal
biomass and spores of Leri.ogas/e7-in the diet
(Trb1e 8) again suggcsts that mlcophagy may alltct
sporocarp standing-crop biomass. When truffle
biomass is lorvered. consumption of plant mate-
irl may increase. hou'ever unexplored complexi-
t ies  invo lv ing  an iml l  abundance.  compet i t i ve
abil ity, and trxrd prcttrcncc l imit our abil it l  to
gcncralizc I 'nrm this study.

Srna I lvlamnna Abundance

Trufl lc irbunduncc pr.rh.rhlr hu' un imp,'r1r'nl in-
flucncc on the abundancc of mycopha-uous smaJl

manrmals. In addition to higher Siskiyou chip-
munk abundance at Mowich in fall. wcre higher
Grartierra consumptionby all three animals studied
and reduced Gdrlie,.id standing-crop biomass.
Hower.er. factors other than trufilc abundance could
also affcct the densities of small marnnal spe-
cies in these stands. Variation in tree basal area,
snags, downed trees, and tree cavities may influ-
ence the availability of cover. fbod, and nesting
areas (Gilben and Allwine 1991). The movements
o l  an imr l '  f rom rd jacent  . land :  xnd  v r r i r r i , ' n  in
local predation rates can also intluence small
mammal abundance (Carey 1991, Lehmkuhl and
Ruggiero 1991). These potential effects were not
analyzed in the current study but wil l be consid-
crcd by other researchers in subsequent analyses
of wiJdlit 'e patterns (Lehmkuhl et al. 1998). Fur-
ther exploration of the soulces of between-arca
dillerences will be an impofiant pafi ofourbaselinc,
pre harvest analysis; the pattems and causes ol
thcsc diflcrcnccs rvil l  be of fundamental impor-
tance to unde$tanding vadation in the relation-
ships that energe follorving imposition of the
DEMO harvest treatments.

Conclusions

We identil led significant spatial and temporal
variation in EMF production, small mamnral
mycophagy. and snall mammal abundance in the
prc-harvcst tbrests of the Watson Falls block.
However, truffles \\"ere consistently the pinlary
food iLem in thc dict of all three small mammal
species studied. Small mammals ale potentially
imponant dispersal agents ol'trufflcs into disturbed
areas where EMF are locally extirpated. Although
this study represents only a 'snap shot' in t ime.
f u t u r c  u n u l 1 . . :  r r i l l c r r t n t t t e  1 g . p r ' t t s e '  t , '  r l r i -
ous levels and pattems ofgreen tree retention o\er
nultiplc ycars, thus broadening the scope of in-
ference tbr our trndings.

Nonhern flying squirrels and Siskiyou chip-
nunks ncst in trccs or usc trccs ns avenues tirr
travel (Carey 1991.). Arboreal rodents |nay bc
ailtcted by forest management activit ies that
chrngc  the  pa t te r r t  : rnd  . ln r ( lu rc , ' l '  f , ' r . ' t  e rn , .
pies. Trees also provide the energy sources for
EMF and their fmiting bodies. Therefore, dis-
turbances that influence the level lncl pattern of
l ive trees retained through harvcst arc also l ikely
to inlluence the diversity, abundance, and distri-
bution ol EMF and their f iuit ing bodies. Future
analyses of post-hilrvesl paltcrns wil l provide
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valuable insights into the effects ofretention har
vest on EI4Fand small mammalabundance. Given
the funetionai imp,'nunie of these groups in our
forest ecosystems, the results of our work rvill
have important implications firr horv retentjon
harvests may be implemented in the tuture.
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