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Abstract
Sporoc ps of hlpogcoLrs iungi are an inrpoftanl f(nd resource ibr nuny $ildlilt spccics. Effccls of lhinning second-gro\\'th (15

to -15 yr old) Do uglas fi r ibrcsrs on product io n of hypogeou s sporocarys r erc invcsligalcd to lcst the h,vpothesis rhai in the short
term thinning would rcduce their producrion and species di!ersirt. \\t coniparcd sporocarp production amonS unthinned. nlodeF
arl), th inncd. and heavi ly thinned stands in ibur locations in (hc Orcgon Coast ltange, I 996 and I 997. Distributions of hypogeous
sporocarps \\'ere clLrmped. Total biomuss ol spolocarys $as highest in spring 1996 and pfogressi!ely decreased in subsequert
sanrfline periftls. The Senela A/pr)r.r, Bat\\io. Eld?hotnvet, Trutn)colunella, n\(l Turrl- appeared to dccrcasc in responsc to
thinning. Thinning signilicanrly reduccd loul sporocarp frequency among treatments. The mean number of spccic\ fiuitjng ras
\ ig n ific antl) highef ir rhe undinned than lhinncd lreatments. and nnn e species occ ured in the unthinncd than thinncd treatinen !s
in autumn I996. The alTay ol sporlrcary producjng species varied het$een treatnents. Sporocary distributions wcrc clumpcd a!
the plor rnd gfid station le\'els. and |oul sporocarp abundance was associated with abundance o[ coarse woody dcbris (Cwl)).
These resuks indicated thrtcomnercial thinning influenced hypogeous sporocarp production and sporocary specics di!crsily al2
to 3 )r rfter cutring xnd rhar CwD was an importaDt rariable fof pfedicting h,,_pogeous sporocarp prcduclion. Rctcntion of CwD
in comnerciall] thin.cd sitcs scenri impofianl for \pofocarp productior ol certain hlpogcous species and thus to habitat mainte-
nance iin ni.rn! slnall nrammal mycophrgisrs

lntroduction

Hypogeous fungi play impoftant rolcs in many
tbrest ecosystcms. They form mycorrhizae u,ith
many trees and shrubs, which clcpend on them
fin uptake of nutdents and \\"ater: the plant hosts
provide photosynthates to the fungi (Read et al.
1992). The sporocllrps are rn important food
source fbr many small mammal species in the
Pacitic Nonhwest, including Calitbrnia red-backed
voles (Clethriononl.r cclfbraftzs) (Maser et al.
197ii. Urc and Maser 1982), nothern tlying squir-
rels (.Glducont.s sabrlnls) (Maser and Trappe
198,1, Maser et al. 1985, Carey et al. 2002). and
wood rats (Ne.7to,rd spp..) (Parks 1919. Maser et
al. 1978). Small mammal mycophagy in tum acls
as the primary means ofspore dispersal fol these
fungi (Fogel and Trappe l978.).

Hypogeous sporccarp tbrmation diffcrs in pro-
ductivity and species divelsity in forests of dif-
ferent ages and habitats. Sporocalp production

can be highcr in malure conifer stands than in
young stands and species composition can dil ' fcr
between the stands (Vogt et al. l98l). This may
relate to photosynthetic potential, which is
positively correlatcd with abundance of
ectomycorrhizal fungal sporocarps in fbrests
(Termorshuizen and Scha1l-ers 1987). Luoma et
al. (1991) compared hypogeous fungal produc
tion along moisture and age gradients in Douglas-
f i r  i ' res l . ln  the  Oregon Cascades.  B iomrs .  ua .
highest in the mesic mature habitats, followcd
by mesic old-growth, mesic young, wet old-
growth. and dry old-growth habitats

Other researchers have cvaluatcd el'fccls of
silvicultural practiccs on species diversity and
sporocar! production. More hypogeous sporo
carps occurred in mature stands than in adjacent,
regeneratcd clearcuts. and sporocarp abundance
was associated with the presence ofcoarse woody
dcbris (CWD) in the studies of Amaranthus et
al. (l994) and Clarkson ltnd Mills ( 1994). Colgan
et a]. (1999) samplcd hypogeous sporocarp pro-
duction at 6-wk intervals over 34 mo after a vari
able density thinning of Douglas-fi r (Pserdotsaga
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nier;lesil) in lowland westem Washington. Overall
standing crop biomass was significantly lower
in the thinned stands compared with unthinned.
Some taxa of hypogeous lungi fruited less abun-
dantly in thinned than unthinned stands, and oth-
ers wcre more abundant in thinned stands. Wa-
ters et al. (1994) evaluated sporocalp standing crop
biomass 9 and 10 yr after two levels of con1mer-
cial thinning and 17 yr af'ter broadcast buming.
Thinning did not significantly affect hypogeous
sporocary biomass or fiequency, but the fungal
community composition differed between levels
of thinning. Sporocarp standing crop also varies
seasonally and is affected by climatc (Fogel 1981.
Evcling et al. 1990) and sporocarp moisturc con-
tent (Johnson 199,1), so assessing the overall im-
pact of thinning can bc difficult.

The positive association of sporocarp abun-
dance with the presence of CWD can aft'ect the
presencc ofmycophagists i[ an area, because they
are attractcd to the sporocarps as a food source.
California red-backed voles represent fungal spe
cialists strongly associated with CWD (Maser et
al. 197lJ. Ure and Maser 1982, Maser 1998). Small
manrmal mycophagists rely on a di\€rsity of fungal
species in their diets (Maser et al. 197E. 1985,
Carey et aJ. 2002). This diversity may bc a nutri-
tional imperative, as suggested in feeding trials
with northern flying squirrels and Califomia rcd-
backed voles, where neither species maintained
their body weight on a single species of fungi
(Claridge et al. 1999).

Bccau:e hl pogeou. l irngaJ sporocarp' rre im-
portant as food for small mammals in Pacific
Northwest fbrcsts, management ofhabitat tbr those
mammals and their predators requires knowledge
of how forest management practices aft'ect sporo-
car? production. Accordingly, we compared sporo-
, .a rp  p roduc t ion  o f  hypogeou.  l ' ung i  rmong
moderately and heavily thinned and unthinned
stands in blooks at tburlocations in second-growth
forests in the Orcgon Coast Range. We hypoth-
esized that thinning would negativcly aft'ect spo-
rocarp producli n rnd diversitS of sporo(arp-
producing fungi in the short run. because
ectomycorhizal fungi depend on hosts plants for
photosynthates (Molina et al. 1992, Read et al.
1992), and myconhizae tend to be concentrated
in the upper mineral and organic laye$ most sus-
ceptible to disturbancc during timber ha est
(Waters et al. 1994).

Methods

Study Area

The study was located in the northern Oregon
Coast Runge -14 km WNW of Forest Grove on
Til lamook State Forest and adjacent Stimson
Lumber Company lands, Tillamook and Wash-
ington Counties, Oregon. The area was choscn
forits large acreage ofeven-aged, closed canopy,
tire-replacement forest. In addition. most of the
landscape is dominated by contiguous fbresthabi
tat, thus reducing potential confounding influ
ences offorest fragmentation on stand level phe-
n o n r e n a .  D o u g l r r - l i r  $ u .  l h e  d o m i n l n t  t r e e
specics; red alder (A lnus rubrtt) occupicd ripar-
ian and rccently disturbed areas. Less common
trees included western hemlock (?.rrg.l
heterophy I la), w estcn redcedar (Thujo p li ut d) .
and noble fir (Ables procerc).Yirle maple (Acer
circi dlum) and red huckleberry (Vacciniunt
pttn-iJb liwn ) w ere dominant deciduous shrubs. and
sa1al (Gaultheria shallor) and Oregon grape (Ber
beris nervosa) were the most connlon evergreen
shrubs. This area has a maritine climate, with
nild, wet winters and cool, dry summers (Brown
and Curtis 1985).

Sampl ing Design

We established four replicate blocks. each ini-
t ia l l y  cons is t ing  o f  th rec  35-  to  45  y r  o ld
unthinned 26-40 ha stands. Sunds within blocks
wcre <0.5 km apart, with the exception of one
in the Deer Dianond block. which was ca. 1.5
km fiom the other stands. Blocks were selected
to minimize differences among stands within
blocks with respect to tree density, stand agc,
and proportion ofhard*,oods. One of three treat-
nents was randomly assigned to each of thc
three stands in each block: I ) no thinning (455-
680 trees/ha), 2) moderate thinning (2,10 330
trees/ha) and,3) heavy thinning (165 240 trees/
ha). Stands wcre thinned in summer and au-
tumn 1994 fbllowing one season of prc-treat-
ment sampling.

Grids with 40 m between sampling strtions
were established in each stand. Grid arrays vrr-
ied from 17 X 6 to l0 X l0 with 96-100 stations,
depending on size and shape ol the stand. Each
g d had at least 20 m between its perimeter and
the edge of the stand.

Hypogeous Fungi in Thinned Forests 309



Habi ta t  and Funga Samp ng

Habitat charactedstics. measured in l0 m la
dius ploLs centered at ever) fourth grid station,
included live trees, snags, stumps, CWD. and slash.
Species, diameterat breast height (dbh) and height
u'ere recorded 1br all live trees ) 2-m tall and >
l0 cm dbh. Stumps ) 20-cm dianreter and < 2-m
tall u'ere tallied, CWD ) I m long and ) l0 cm
in dianctcr wcrc rccoldcd by sizc class, and thc
dimensions ofeach slash pile (r ' idth, length, and
height) were estimated. Plots of20 m ladius were
cstablishccl to rccord dbh. hcight. and decay class
rMrscr  rnJ  l lappe loR- l )o le rehrnrg : .2  mh igh
and >  l0  cm dbh.

Hypogeous tungal sporocarps were sampled
in late April early June and October early No
lcmbcr of 1996 ancl again in latc April-Junc of
1997 on .1-m- circular plots located at a random
dislance belween 1 and 20 m fuom every foufih
statiol on each gdd. In autunn 1996 and spring
1997 \lc locatecl r new sample point I80" tiom
the point originally sanpled. Litter was removed
and k)psoil rakcd to a dcpth of 5-10 cm as de-
scribed by Luoma et al. (1991). All sporocarps
rvere collected, dried, weighed, and identified to
genus ud, when mature enough. species. Voucher
specinens rvere deposited in the Mycological
Herbadum at Oregon State University, Corvallis,
Orcgon (OSCI).

Statistica Analyses

Hypogeous species ofthe same genus were conr-
bined for analysis of standing crop biomass be
cluse sample sizes were small 1br several spe-
cies ancl somejuvenile specimens were identifiable
only to genus. Individual species u'ere used fbr
tcsting rclalionships ofmcasured variables to di-
r,ersity of sporocarp producers: immature spgci-
mens could be separated by species in the ab
scnccs of maturc sporcs through combinations of
othercharacten. even though a species name could
not be applied. Differences among treatments were
tested for habitat variables. standing clop biom-
ass (dry weight) and percent t l ecluency of sporo-
carps among ffeatments and blocks for the five
mosl common gcncra ol hypogcous lungi by
ANOVA fbr a randornized block design. By the
same approach total biomass. total ftequency. and
number of genera u,ere conpared anong treat-
mcnts within samplc pcriods. Rcpcatcd mcasurcs
analysis uas used to compare total biomass, fre
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quency (percentage of plots where hypogcous
sporocarps were fbund). and number of genera
among treatments, with sample pedod used as
the repeated factor. Variables were log,n (x+1) or
squarc-root transfbmred to adjust tir non-nornality
or lack of homogeneity of varianccs. Differences
in tungal sporocaup associations among tueatments
wcrc compared by Chi-square goodness-ot-tit tests.
Number of sporocarys per plot and collections
per grid station were comparcd to numbers ex-
pected based on the Poisson distribution (Steele
and Tone 1980) by Chi square analysis. We tested
each season by treatment separately at the plot
level, because Chi-square tests indicatcd signifi-
cant association between ffeatment and number
of sporocarps pcr plot. Each site was tested sepa-
rately at the grid station level. because of signifi
cant association between site and number of spo-
rocarp collcctions pcr grid station. We alscr
conducted pooled enalysis across season, site, and
treatment.

Associations of sporocarps to habitat charac-
teristics were tested with multiple linear regres-
sion (separate analysis by gcnus was possible only
fbr the nrost abundirnt genera). We present the
best model chosen from the top ten given b),
Mallows C' sclection criteria (Mallows 1973) based
on the biological significance ofthe indcpcndent
variables and the amount ofexplained variability
in the model. The level of significtrnce fbr all sta-
tistical tests was set at P=0.05.

Results

Hab tat Characterist cs

Canopy cover of small conifers (P<0.001), total
tree cover (P<0.001), and abundance of small snags
(P<0.02) and all snags (P<0.03) vere significantly
higher in unthinned stands than in thinned stands
(Table 1). Stump abundance was si-qnificantly
greater in th in ned stands thnn unthinned (P<0.00 I ).
and slash was grcatcr in the thinned stands than
unthinned (P=0.001 for heavy thinning, P=0.002
for rrodcratc thinning).

Hypogeous sporocarp diversity and
abundance

ln  a l l .  J )  /O In  uere  5ampled .  H lpogcou\  \ f jo ro -
carps were tbund in 68 ( L77r) of the 89.1 plots.
The 566 spolocarps collected totalcd 106.2 g dr1'
weight and 0.3 kg/ha standing crop biomass. Thc



TABLE L N{can stand characteristics of .l unrhinncd.:l nrodcratel,v thinned..rnd.1hea\il} thinned Dougla\ fir stands, Oregon
Coast l iange,  Spr ing 1996and 1997 andAutu n1996. l \ ' Ieanscomputedl ionmcrnofsubsinrplcs$i th ineachstrnd
(n = 2l -3 '1) .  lar iables $erc log .  (x + l )  t ranstormed

Llnthrnned

Moderale
Thinling

Heavl
' l  

h inning

Deciduous l rccs l0 19 c l l l  dbh:

Deciduous l ree\  > 50 cnr dbh:  no. /hx.

Conilcr trees l0-.19 clll dbh: no./ha.

Cbnifef trees > 50 cm dbh: n0./]ra.
Td.rl trees: no.,fta.
Snall snrss 10 ,19 c r dbh: no./ha.

Large smgs > 50 cm dbh: no./h.r.

To(al lnags: no./hx.
Stumps > 20 cm diam < }n hr o./ha.

Smal l  logs l0 ,19 cm diam: no. /ha
Large logs > 50 cnl dirn: n0.ft4.
Tdr l logs:  no.Aa.
Slash: ln ' , f ta.

:1:1..1i 12.I
0.6 t 0.1

506.1 : l5.1..1
36.-t t  2 9

576.8 r.15.8
5'1.6 t 1l.9
9.0 i  1.0

63 .7  i  15 .5
8 1 . 2 1 1 1 . 5

1 3 1  . 1  1  1 2 . 1
115 .31  19 . . 1
266..1I 25.5

6.7 r 5..1

29 .9  t  l 1 . l

229.2 !22.9
2,1.5 19.2

2E5 .2  i  16 .2
20 .91 .1 .8
1.5:t L. l

2,t..1 r 5.9
3 1 6 . 1 i  1 5 . 6
169 7 i  35.6
117.5 1,1.5
106 .8131 .5
l l  L0 + 106.9

1 7 . 9 1 7 . 3
0 .1 r  0 .1

1,15.I : t  1.0
20 . I  i 7 .6

201.1 t 10.1i
11 .7 : r  3 .1
,1.7 i  1.5

18.,11.1.6
338 .1 j  35 .0
I95 . , 1 t  16 .9
151 .7110 . .1
3,16.9 t 15.6
6,18.1 :!  378.E

0.881
0 .601
0 i)01
0.530
0.001
0 . 0 t I
0.113
0.016
0 .001
0 . t21
0..169
0.367
0.001

20 gcncra and 34 species included 4 undescribed
species (Table 2). Foufieen species were Asco-
mycetes, l7 Basidiomycetes. I Gloneromycetes,
and 2 Zygomycetes. HJ.\terangiun (33%) and
Rhizopogotl (237.) spp. together accounted tbr
ca. 56% of the total sporocarp biomass (Tables 3
and41. Rhizopogon rnd Alpor,a spp. produced their
highest standing crop biomass in auturnn 1996
and H)-steftItgiutn rnd Gautierie spp. in spdng
1997 (Table 1). H\stera giun spp. occurred on
24% ofthe plots with sporocarps. and Rri:rpogo,
and laDereach on l87c (Table 3). 2Derspp. were
collected in more of thc stands (927r,) than any
other genus, fbllowedby Rllizopogon (.15q,.) and
Htsterangiutn (67 c/c). Totrl biomass of sporocarps
was highest in spring 1996 and progressivcly de-
crcased in subsequent sampling periods (Table
.+). Sporocar?s biomass of HJSlerangiun, B.trssie,
and Erdogore spp. was higher in spring than au-
t\rnn. Gdutieriu arrd Leucartginn occurred ex-
clusivelf in spring. whcreas Alpova, Trunco-
,  u lumel la .  Jn l  Gr , , l ' , ' h t  l ru i ted  un l l  in  lu tumn
(Table 4).

Fruiting ofsevcral genela appeared to decreasc
in response to thinning. incrudingAlporc, Barssic,
El ctphonn ces, Tnnc oc o Lumel lu, and ZirDer (Fig
ure lA); however, spccies in these gerera were
oflou,abundance, so the power ofstatistical tests
rvas mininal. Mean h)'pogeous sporocarp blom-
ass did not difler signillcantly among treatments

1br any ol the fivc more common genera (Table
5 ). Mean total standing crop biomass did not dif
fer signil icantly among trelrtrnents (Figure lB)
or sample periods. Thinning did not significantly
affect total sporccarp fiequency among trcatments
or sanple periods (Figure 1C).

The mean number of sporocarp producing
specics was significantly higher in the unthinncd
than thinned treatments (P<0.05, Figure 2), and
more species fruited in the unthinned than lhinned
treatments in auturnn 1996 (P<0.0.1). The overall
mean of fiiiting species did not diller significantly
among sample periods.

The array oftaxa fiuiting varied between treat-
ments (Figure 3). but number of collections of
sporocarps was not significantly associated with
lerel ofthinning. This analysis could only be com
plctcd for 11).rtcrrrrg iun, Rltizoltogon, ar(J Tube r.
because the small sample sizes for the other spe-
cics produced expected cell l iequencies <5 in thc
analysis.

H ypogeous s parac ar p d str i but i a n

More hypogeous sporocarps occufed per plot in
unthinned than thinned stands (P=0.0,1. Figure
,1A), and more sporocarps were tbund per grid
\ la l ion  In - . r  .ample  p lu l .  , \ r  l c r iod :  per  s l r l ion
or grid point) in unlhinned than thinned stands
(Figure 48). Sporocarps were not randonlly dis-
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TABLE 2. Taxa of hypogeous fu ngi collected in,lunthinned.
.l moderately thinned. and.l hea!il) thinned Dou-
gla! fir !und\. OregonCoasl Ranse, Sprhg 1996
and 1997 (S) and Autumn 1996 (A).  Numbers
after each species name reter to collections dc
posited in the Mycological Herbarium ofOregon
S . d  e  r  n  \ e f .  r \ .  C . ^ , l l i .  , O S c ' .

'lAtsLE 
3. Sporocarp biomass and percent fiequeDcies of

hypogeous ltngal gcncra in,l unlhinned,4 mod-
efately thinned. and,l heavily lhinncd Douglas
fir stands (3576-m: total sanrple area). Orcgon
Coasl  Range. 1996 and 1997.

Nunber

Sporocarys

Dt:_
\\'erghl

(c)

c. .n
frequency frequency
of  standsr ofp lots l

Bdr.rrid d/"s.7r."s;r (S. A): Tfappe 22765

Elaphonr(s ltftmuLdtLts (S): Trappe 2272,1

(;enea inl? nner!iu (S): Tftppe 22 /51

Geopord coat)eti \at. co.?cr.i (A): Trafpe 22?66

H\dnot^a cuhispota (5, A): Tt.tppe 22'726,22111

H)"dnott1d \driilontis (S): Trappe 22755

Lcuunsiwn erthltsidnurr (S): Trappe 22769

asr,..rn8nrn \p. nov. (S ) t. Tr^ppe 22163. 22161. 22161

].,r.f8dfz1,.fi (S. A): Trappe lll3l

Tu bc r si bbostrn (S): Tt.\ppe 22121. 221 68

Tubct Dio ticola (A): No collecrion retained

Tubct oreso (nst! sp. no!. (A)r: Trappe 22753

Tuber \ ht:arii ( A): Tappc 22729

n.Ds' sp. nov. (S) 'r Trappc 22768

Basidiomlcota

Aboa drylophloeus (A)iTrappe 22761

Gauti.tiu,urttt u lSJi Trappc 22145

Gr)rro ln.s\  \ t .  nov.  (A) i r ' I iappe 22756

Hvlvnoqaltet gilke'lr? (S): Trappe 2272E. 227,19

H\\rcnosdsttt subdlpin (A): Trappe 22750. 22?52

H'"nL osaster sublildciu xr (S): Trappe 2275l

H,"\terutryim (orkt(unr (S. A)r No collectids retamed

H\skranqiutn tnsxirhdcrlr (S): liappe 22716

Leucogdstet citrinus (S): No collection retained

LeuL?phleps nasnala (S): Tfappe 2275.1

M?lanosaster tLherilbm,ir (S): Tfappe 22l.ll

Rhi.opqon ata r ( A)t : Tt^ppe ))110

Rhi.otioi<on ho\krttr? (A): Trappc 22771

Rhi.oposon pdrk\ii IA):'lftppe 22160, 22 /12

Rhi.oposotl rillosulus (Al: Trappe 22759

Rhi.oposon |inicoLor (S): Trappe 22762

TruILoLolLmelld dtrnn (A): Trappe 22725

Glomeromycota

Gldilus na.rocdrynnt \S): Trappe 22758

Zygomycota

Lndoqo e llatnini.orona (S): No specimen retaincd

Lndogotv ludUuu(5. A,): frappe 227:18

New species are gilen prc\isbnal names and will be de-
\cribed in sepanle papers.
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Percentage of total numbcr of plols $ith lrufiles.
iPercentage oftotal number of slands.

TABLE ,1. Sporocarp bionrass by fungal genera (g,/ha) liom
,l untlinned. :1 moderately thinned. and 4 heavily
thinned Douglas-iir stands during 3 seasons. Or
cgon Coast Range.

E dollo e

Glotnus

Tuber
TOTAL

21
26
5

t 2
t 5
2
l
2 I

2 3 1
)
29
I

t l
85

54
566

6.8
3 .0
5 .2
LtJ
1 .1
0.9
0.:1
0 . 1
l t

1,1.9
3 .4
0 .1
0.1
2 .1
2'1.8
1.1
6.8

106.2

].IJ
3 .8
1 . 5
6 .8
2 .1
1 . 5
0.E
2 .1
6.8
5 .3
21.8
6.0
0.8
0.E
0.8
I8 .0
'7.5

18 .8

,12

1 1
58
t 1
t 1
E
25
1)
25
61
33

8
8
75

92

Spnng Autumn
1996 1996

Spdng
1991 Total

Eldpho i)"ces
EnlosL)ne

Ge t r ca

Tuber
TOTAL

88

86
209
0
t)
0
88
107

2523
221

0
0

123 l
0

213

689
I 3

I

0
38

t 0
61
234
U
0
60

I 1 7 0
110

0 689
206 30',7
0  5 1 7
13  r00

560 769
9l 93
0 3 8
1 1  l l
1 2  1 1 0
15  189

7:ll 1500
I  t 9  340
1,1 l.l
0 6 0

)'71 211
86 2,187
0 ,t7t)

268 146 6E7
3020 2289 10652
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Figure 1 . a) Toial hypogeous sporocarp biomass of conrmon genera by treamenti b) total sporocar? biomass and cl total frequency.

in .1 unrhinned. ,l oderatel) thinned. and,l healily thinned Douglas fir stards, Oregon Cbast Range. 1996 and 1997.
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TABLE 5. Vcan standing crop bioirass (g,tra) ofhypogeous fungal sporocarps bv genus in.l unthinned.4 moderatelv thinned.
and,{ hea!i]) thinned Douglas lir srands, OregoD Coasl Range, 1996 and t997. Means compuied li|)lr mean of
subsamples withir each stand (n = 23 28)

Unlhinned Nloderate thinning Herr \  th inning

T1b.r

1 .3  i  1 .3
12 .6  11 .6

517 .0  i , 108 .9
6,1..1 :! 18.2
75 .5  i  19 .1

| 121 .9 L 1l1 .0

1,1.2 :!  7.8
12 .3  i  12 .3
62.6 t 39.6

2,18.,1i 137.7
56.5 :t  26.2

601.7 t 177.6

9 5 l : 8 8
2.5 i  2.5

295 .1 : t 271 .8
308 t 209.5
13.6 j:24.2

93'1.5 + 512.0

0.20r
0.,11
0.:t6
0 .351

0 .38

rvariablc $a! Logr,, (X + I ) transforncd.
rvariable was squarc rool transformed.

U= unthinned
M= moderate
H= heavy

T
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Figure 2. Nlean nu'nbcr of hypogeous fungal spccies 4 unthinned, ,l moderaGty thinned.
and '1 heavi ly th in n cd Douglas-fir srands, Orcgon Coasr Range. I 996 al1d 1 997.

n unthinned
N moderate

5  f i  I  H  p  g #  5  5  E +  E
f i  i E $ H J E

5 $ r " 1r _
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Figurc 3. Percentage ofhypogcous sporocarp collecrions ofgenera found jn,+ unrhinned..l

moderately thinned. and 4hea!ily thinned Dougtas fir srands Oregon CoastRange.
1996 and 1997.
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Figur. ,1. A) Frequency of hypogcous sporoclrp plots with different numbers of sporcarps lbund per plol 0r=89.1 rotal plors) in ,l
unthinned..l moderatel) thinned. and,l heavily thinned Douglas lir slands, Oregon Coast Range. 1996 and 1997:
B) frequenc), ol glid points wrth different nunrbcrs oi sporocarp \amples pcr grid poinr (n=298 total gnd pointt b)
lrcatment: C) obser\ed vs c{pcced liequencies (based on Poisson distributions) of nunrbcrs ol sporocarps founrJ pcr
plol (n=89,1 total plott; and D) observcd \s erpecred frequencies (balcd on Poisson disrriburjons) ol nunbefs of
sporocarp samples per grid point (n=:98 total grid points) in O.egon Coasr Range. 1996 and 1997.

tdbuted on the 4-mr plot scale for any of the nine
season-by-treatment combinations (P<0.001 for
each test) or when seasons and treatments wcre
combincd (P<0.001. Figure,lC). Sporocarps were
randomly distributed anong grid points for all
study sites tbr all locations. When the data for
Iocations werc combined, however, the sporocarps
were significantly clumped at grid points (P<0.05,
Figure 4D).

Re I ation s h i p betwee n h a b itat v ar i ab les
and hypogeous sporocarp abundance

Hypogeous sporocarp frequency was negatively
associared with stump density (Y=0.59 - 0.0009X,
Rr=0.,12. P=0.02, Figure 5). Snag densiry (Xr),

'1 2
Number ol Truti€ S.mpl66/Gdd Poirn

stump density (X.), and lrrye log density ()50-
cm diam, X,) cxplained much ol thc variabil ity
in the regrcssion model with sporocarp biomass
(Y): Y=487.,1-7.2lXr 1.86X.+3.66X' R']=O.64,
P=0.04. Sporocarp biomass was negatively re-
lated to stump density (r=-0.,10) and positively
associated with large log density (r=0.38) in this
model. Density of large snags ()50-cm dbh, X,).
density of small logs (l0 49-cm diam, X.). den-
sity of large logs (X..). and density of slash (X.)
explained a significant amount of the vadability
in the data set with sporocarp frequency (Y):
Y=0.03 - 0. I 3Xr-0.02X.+0.1 7X,-0.73\, R']=0.96.
P=0.001. Sporocarp f 'requency was positively
related to large log density (r=0.37) and negatively
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' i  o3

Stump Density (no./ha)

Figure 5. Reladon bct$een truffle percenl iiequency and stump density (no./ha). Oregon Coas! Range. 1996 and 1997. Point

labels dcsignatc stands (SU=Stiln\on unthinncd. SN{=Stimson modefate, SH=Stimson hca!)'.. CLJ= C-line unthinned,
CIU= Cl linc nroderate. CH= C-line he!!] DU=Dccr Diamond unthinned. DM=Deer Dianrord moderaie, DH= Deer
Dirmond hcarn. uLi=Bensmith unthinned. BM=Bc.smith moderate, BH=Bensnith hca!,"").

relatcd to slash (r= 0.48) in this modcl. Large snags
(X1), stumps (x.), and small logs (X.) explained
much of the variability in the regression model
erith H\-stera giuln standing clop biomass (Y):
r  Y= |  . l . r -U .47X r -0 .08X 

-0 .01X. .  R ' -0 .6U.  P=
0.05). Hlstera giutz biomass was negatively re-
lated b large snag density (r=-0.55) in this model.
Large deciduous trce density ()50-cm diam, X,)
smal1 snag density ( l0-49-cm diam. X2). larye
snag density (X,), and slash density (Xr) explained
much of the variability in the regression model
with IuDr:r biomass (Y): (Y=0.2-5+ 1.67X, +0.05X,-
0.26X.-{).003X., R2=0.73, P=0.0,1). Ilrrel standing
crop biomass was positively related to large de-
ciduous ffee density (r=0.45).

Discussion

The number of sporocarp-producing spccies (Table
2, Figure 2) and large proportion of sporocarp
standing crop biomass produced by a relatively
few of those species (Table 3) in our study agree
*ith rcsults ofothers in the Pacific Nofihwest. as
reviewed by Carcy et al. (2002). We hypothesizcd
that sporocalp production and diversity would
decrease with commercial thinning, because hy-
pogeous fungi depend on their mycorrhizal host
plants for photosynthatcs and their thalli tend to
be concentmted in the upper mineral ard organic
soil, layers. which are disturbed during timber
har,'esting. Our data showcd that cornmercial thin-
ning reduced hypogeous sporccarp t'rcquency and
mean number of species tiuiting at 2 3 yr atier
cutting (Figure 2). Colgan et al. (1999) drew similar
conclusions from sampling within 3 yr since thin
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ning. Photosynthetic potential is positively cor-
related with abundance of ectomycorrhizal fun-
gal sporocarps in forests (Termorshuizen and
Schaffers 1987). Our results may in part result
from differences in photosynthetic potential of
the host tree canopy between the thinned and
unthinncd stands together with loss of the fun-
gus-supporting root systems of the cut lrees, as
also evidenced by the negative conelation of hy-
pogeous sporocarp frequency and stump density
(Figure 5).

No differences in sporocarp standing crop bro-
mass could be detected in our data because of
large variance. However, number of stumps was
significantly greater on thinned than unthinned
stands (Table 1) and sporocarp biomass and tie-
qucncy were negatively related to number of
stunps (Figure 5). The correlation analyses thus
pennit an inference that the larger the number of
trees cut, the smaller thc standing crop biomass.
Colgan et al. (1999) drew similar conclusions,
their study and ours both being 3 yr after thin-
ning. In nonhern Califomia, species composition
of hypogeous sporocarps differed between thinned
and unthinncd stands l0 yl after thinning, but
overall sporocarp standing crop biomass did not
difftr between treatments (Waters et al. 1994).
The reduction of standing crop biomass with in
creasing numberoflrees cut in the short term thus
may be mitigated over time. Howevcr. changes
in the species ofhypogeous fungal sporocalps can
persist for a decade or more. We and Colgan et
al. (1999) both showed the fiuiting oftungal species
dift'ered betwcen thinned and unthinned stands

Y = 059-0 00O9X R'? -  0 42.  P = 0.02.  n = 12



within 3 yr after cutting (Table 5, Figure l). and
Waters et al. (199,+) detected similar differences
10 yr aftcr thinning. G atiieia and Hl sterungium
were more abundant in the unthinned stands than
thinned both within 3 yI and afrer 10 yr of cur-
ting (Waters et al. 1994. Colgan et al. 1999). This
ffend was not evident in our study. possibly be-
cause the climate and soils differed substantialJy
fiom those of the other studies cited. Thc Coast
Range of Oregon is characterized by relativeJy
high rainfall and moderatc temperatures thatlikely
allow some species to bctter tderate disturbance
by thinning.

The higher sporocarp species richness in the
unthinned than thinned treatment of our study
(Figure 2) is note$'ofihy in light of the fungal
specics diversity common to the diet of small
mamnral mycophagists (Maser et al. 1978. 1985,
Carey et al. 2002). This diversity may be a nutri-
tional imperative lbr fungal specialists: Claddge
et al. (1999) demonslrated by feeding trials that
the nofihem fl y ing s quinel (G kucomt s .sabrinus y
and California red backcd vole (CLethrionom,ts
caliJornicusl drd, not maintain their body weight
on a diet solely ol Rhizopogon vinicolor Thetr
chemical analyses ofthis tungus. which abounded
both in our study and that of Colgan et al. ( 1999),
showed a rclatively low nutritional value to mam-
mals. They suggested that a diet of diverse fun-
gal species might be required to provide the needed
alaay ofdietary constituents. Nofthem f]ying squir-
rels supplement their diet with staminate catkins
of conilers (Maser et al. 19135). mast of maples
(Carey et al. (2002). and vadous other materials
(Thysell et al. 1997). They are not highly mobile
(Mafiin and Anthony 1999) but can readily visit
a variety of habitats within their home range (Carey
2000). Srrall scale thinnings therefore may not
seriously impinge on the amount or diversity of
th ( i r  lood :upp l ] .  Lurge  sca le  th inn ing . .  in  con
trast, could reduce quality of their habitat by de
creasing the amounts or divcrsity of hypogeous
sporocarps: we docunrented a positive relation
between flying squirrel abundance and sporocarp
biomass in a comptrnion study to this one. The
Califbrniared backed vole. in contrast, anextrcme
mycophagist, typically ingests eight or more spc-
cics of hypogeous fungi in a day (Maser et al.
1978) and has habitat requircments and behav-
iors that severely rcstriot its home range (Rosenburg
et al. 199,1. Maser 1998). Reducing f 'ungal diver

sity in its habitat by thinning even on a relatively
small scale could bc seriously detrimcntal.

Sporocarp standin-u crop of nine hypogeous
genera varied seasonally: lotal sporocarp stand-
ing crop was highest in spring 1996 and lowesr
in  lu tumn 1997 rTab le  4 r .  Funga l  \pec ies  com-
monly fruit only in one particular season each
yeat but weather patterns within a scason may
also produce muked year-to-year variation (Fogel
I981, Eveling ct al. 1990). Datamust be collected
over many years as done by Louma et al. ( 1991 )
to addrcss seasonal relationships of any taxon
adequatcly. Otherspecies altributes nlry also conte
lnto play. For example, Johnson (1994) placcd
.pecies inlo luo group. ba'ed on :porucarp rnois-
ture content. Fleshy or succulent species with high
nloisture content fmited in response to rainl'all or
in cool months of the year, whercas species that
lbnn relatively dly sporocarps did not rcspond to
ruinfall. In our study only ELaphotn\ces granulat us
would be categorized as having dry sporocarps,
and its frequency was too low to evalLrate eflccts
of thinning.

Distributions of hypogeous sporocarps were
clumped at the plot and grid station levcls (Fig-
ure 4), and total sporocarp abundance was asso-
ciated with abundance of CWD. Clearly, hypo-
geous sporocarps were not randomly distributed.
Fogel (1976) and Hunt and Trappe (1987) also
reportedclumpeddistributions of hypogeous spo
rccarps. Hypogeous sporccdp production has been
associated with CWD elsewhere (Amaranthus et
al. 1994, Clarkson and Mills 199.1) . This asso-
ciation likely results from the ability of dccayed
CWD to tibsorb and retain the moisturc essential
forhypogeous sporocalp production in d1' months
(Amaranthus et al. 1994). Clarkson and Mills
(199.1) suggested that the frequency of CWD use
by some rnycophagists would also increasc the
incidenceof hypogeous spolocarpsthere, because
that is where the spore-bearing feces are likely to
be deposited. At the sxme time. the presence of
the sporocarp food rcsource in and near decayed
C\ \  D uuu ld  u t r rac l  the  ln imi r l . .  Mo. r  pan icu-
Iarly. the occurence of the fungal specializing
Califbmia red-backed vde is strongly tied ro CWD
(Mascr et al. 1978, Ure and Maser 1982, Maser
1998) .

Commercial thinning in the Oregon Coast
Range influenced hypogeous sporocarp produc-
tion and species richness at 2-3 yr atter cutting.
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but the overall impact of thinning is difficult to
assess because of seasonal and local fluctuations
in hypogeous sporocarp populations. Because
CWD was an important variable for predicting
hypogeous sporocanr production, the retention of
CWD in commercially thinncd sites is l ikely im
portant to sporocarp production of certain hypo-
geous species and to habitat maintenance tor many
small mammal mycophagists.
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