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Abstract

During June-August, 1991, we sampled hypogeous sparocarps on Tour lale seral forest remnanis ranging in size from 1.3 to 3.6
ha, and on clearcuts surrounding two of the remnants. In particular, our siunpling of these southwestern Oregon sites (dominated

hy Psuedotsuge menziesit/Abies cancolor) targeled three questions: 1) Are hypogeous sporocarps more abunduant in remnanis of

late seral forest than in the surrounding cleareuls?: 2) Are hvpogeous sporocarps more abundant under coarse woody debris?:
3) Is the California red-backed vole (Clethrionamys californicas) posiively associaled with arcas having hypogeous sporocarps? Two
forest remnants had twenty to forly limes more hy pogeous sporocarps than the young clearcuts which surrounded them. Hypogeous
sporocarps were lour times more abundant in plols having Togs. Voles were nore likely 1o be caught at traps having hypogeous
sporocarps nearby. Remnant stands of late seral forest appear Lo provide a refuge lor hypogeous sporocarps used by the California
red-backed vole und other small mammals, and coarse woody debris may contribute to an abundance of hypogeous fungal sporocarps.

introduction

The hypogeous sparocarps of mycorrhizal fungi
{generally called “truffles™Luoma 19838} arc in-
tegral members of fully functioning Pacific North-
west coniferous lorests. Truflles constitute the
dominani food souree of many small mammals, in-
cluding 74%-89% of the diet of the California red-
backed vole (Clethrionomys californicus) (Maser et
al. 1978a; Ure and Maser 1982). Populations of
C. caltfornicus might become isolated on forest
remnants in part because surrounding cutover
areas lack truflles in early seral stages (Maser ef
al. 1978h; Urc and Maser 1982; Hayes et al.
1686). Although €. californicus is rarely found in
voung clearcuts (Gashwiler 1970: Mills Tn Press),
it is not known whether suppressed truffle produc-
tion might correlate with this absence of voles in
clearcuts. Studving the distribution and abundance
of trufMles in a fragmented forest system will help
foster understanding of the effects of fragmenta-
tion on €. californicus. and on other small
mammals.

Furthermore, truftles have an ecological sig-
nificance beyond supporting small mammals that
rely on fungi in their diet. Nearly all hypogeous
species form ectomyeorrhizac with the roots of
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vascular plants, and are particularly abundant in
agsociation with conifers in the Pacific Northwest
(Trappe and Molina 1986; Castellano et «f. 1989,
Molina et al. 1992). Mycorrhizae {(“fungus roots™)
greally increase the amount of waler and nutrients
availahle to a plant in exchange for the plant’s pho-
tosynthate {Harley 1969; Trappe and Maser 1978;
Allen 1991}, This mutualistic symbiosis is thoughi
to be necessary for the survival of conilers in the
Pacific Northwest (Perry er al. 1987; Luoma ez al.
1991; Molina ez al. 1992}, Because red-hacked
voles and other small mammal myeophagists serve
as the primary dispersal vectors for hypogeous
taxa, truffles and their dispersers are therefore
notable members of the forest’s functional diversity.

While knowledge of truffle taxonomy and phe-
nology have greatly expanded in recent decades,
the ecological issues of mycophagy pertinent to
management of the Pacific Northwest’s fragmented
forests remain poorly understood. We investigate
the abundance of truffles on four late-suceessional
forest remnants and the clearcuts surrounding two
of them during the summer to explere three ques-
tions: 1} are truffles more abundant in late seral
forest remnants than in young clearcuts?; 2) are
truffies more abundant in association with coarse
woody debris?: 3} is the California red-backed vole.
Clethrionomys californicus, associaled with areas
having truffles?

Study Area and Methods
The four sites studied (Figure 1) are in the Klamath

Maoumnains physiographic provinee, in locations that
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Figure 1. Location of four study sites sampled for tufllles, 1991, The clearculs surrounding sites E and (b were sampled for forest-
clearcut comparison. Map modified from Mills (In Press).

are relatively dryv for the west side of the Cascades 1.000 m (Table 1). All four siles were dominated
(mean annuaal rainfall 500-800 mm: Franklin and by Douglas-fir iFPseudotsuga menziesii); the two
Dyrness 1973}, Elevation, slope and aspect were higher sites (£ and 0) also had while (ir {Abies con-
variable, although all sites were steep and above eolon, and site HC had a tanoak (Lithocarpus
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TABLE 1. Characteristics of sites sampled for trulfles in southwestern

Oregon, 1991

. Modified from Mills (19933,

Number of Thstunce

different m} lo

Sumber of trap =iles nearest

Size truffle with truffle Time since forest =7 Elevalion

Site {ha) plois plots! last c ha Slope Aspect {m}
5 1.3 24, 10 1977 150 332 E 1032
HC 2.5 A2 27 1974 95 24° B 1007
I 2.5 10 10 1987 100 38° W 1280
0 3.6 40 1] 1981 150 31= W 1402

'On sites HC and 8, a small manumal trap site might have more than one truffle plot: for the vole-truflle question, one of these

truffle plots was randomly chosen for cach wap site.

densiflorus) understory. All remnanis, which ranged
in size from 1.3 to 3.6 ha (Table 1), were com-
pletely surrounded by clearcuts <28 vears old
(see helow).

We sampled truffle plots from mid-June until
mid-August, 1991, For all three questions, each
of the two treatments was sampled on alternate 1-4
day periods (if not on the same day) in order to
eliminate the potentially confounding effects of
wealher. Each plol was 1xl m in size, and was
sampled by raking down to the organic-mincral soil
interface. Truffles were weighed for fresh biomass
within 24 hours and identified 1o genus.

Depending on remnant size, we sampled be-
tween 24 and 40 truffle plots on cach remnant {Ta-
ble 1). Placement of truffle plots was based on the
systemalic small mammal trapping grid of Mills
{1993: In Press), which featured markers at meas-
ured 13-m intervals. indicating the locations of
Sherman live traps. All truffle plets on remnants
were placed within 5 m of randomly chosen trap
markers, with exact placement constrained by
avoiding rocky or densely vegelated areas.

To address our first question, whether truffle
abundance in forest remnants differed from sur-
rounding clearcuts, we also sampled the clearcuts
around the two largest remnants (0 and E, Table
I). The clearcuts were broadeast burned within two
vears of harvest and were 10 to 27 vears old.
These clearcuts are dominated by Douglas fir and
white fir, although the percent cover by ectomycor-
rhizal host species is only aboul one-quarter that
of the lorest remnants (M. Amaranthus, U.S. For-
cst Scrvice, Grants Pass, OR.. unpubl. data). Be-
cause both remnants had 40 truffle plots each, we
placed 40 plots throughout each surrounding clear-

cul. The clearcuts lacked a grid for systematic plot
lecation, so each plot was located in the most
promising microsites using the same criteria for
placing plots within 5m of our randomly chosen
locations on the forest remnants. Thus, we inten-
tionally biased our test in favor of finding more trul-
fles in clearcuts than in the remnants, which makes
for a stronger test of the hypothesis that clcarcuts
have fewer truffles. Instead of performing pseu-
doreplicated statistical analysis of 80 plots in each
of 2 remmnants (Hurlbert 1984). we present our
data for this question as graphical trends.

Second, we tested whether truffles are signifi-
canlly associated with coarse woody debris within
the forest remnants. I a downed log 10-70 ¢m in
diameter was present within 5 tn of a chosen
marker flag, it was removed and the plot was
placed underneath it. In this fashion, nearly half
{43%) of all truffle plois were placed under logs.
The proportion of log and no-log plots with at least
one Lruffle present (occurrence) was compared us-
ing a 2X2 contingeney test for binomial propor-
tions (Rice 1988). To test whether fresh-weight
biomass differed between log and no-log treatments
we used a Behrens Fisher T-test (Rice and Gaines
1989). This Lest is preferred because it is robust
to the unequal variances which commonly occur
in ecological myeology research (LLuoma 1988;

1991), including ours.

Finally, we asked if there was an association
between wruffle presence and the presence of
California red-backed voles on the forest remnants.
Based on small mammal trapping data collected
the same summer as this study (Mills In Press),
and on the conscrvative assumption that the home
range of voles is 13 m in diameter (Tallmon and
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Milis 19943, we tested whether plols with truffles
tend to fall within vole home ranges more often than
expecied by chance. We first classified cach truf-
fle plot in all remnants as a “truffle present” or
“ruftle absent” plol. We then noted whether a
Califorpia red-backed vole was caplured in four
nights of sampling in any of the five traps within
L5 m of the plot. The null hypothesis, that plots
with and without truffles have the same probabil-
ity of having a vole present within 15 m. was tested
with 4 2x2 contingency lest for comparing binomial
proportions (Rice 1938).

Results and Discussion

We sampled a total of 136 vulile plots on four for-
sl remnants, and 80 plots in clearcuts surround-
ing two of the forest remnants (E and 0. Table 1),
On the Tour remnants, 29 of 136 plots (21%) had
at least one truffle, for a total of 82 sporocarps from
12 identified genera (Table 2). Weights varied
greatly, with 3 of the 29 plots netting 51% of the
total fresh-weight biomass on all remnants of

119.8¢/136mn°.

TABLE 2. Total biomass and number of sporocarps for
I}

h¥pogeous sporocarp genera® found in 136 plots

on four forest remnants sampled in June-August,

1991,

Number of
Ceneral Total Biomass (g) Sporocarps
Melanogasier 10.5 6
Hyvsterangium 23.2 26
Gaulieria 16.0 1
(enabea 10.0 20
Rhizopagon 3.7 1
Marlellia 3.6 2
Gymnomyces 2.6 4
Genea 1.0 3
Octavianina 0.1 1
Tuher 0.2 1
Endogone 0.1 I
leucaphleps 0.1 1
L.nidenufied 1.3 9
TOTAL 1198 32

Hdentified by Michael Amaranthus. L5, Forest Service, Grants
[ass, OR.
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Truffle Production in Forest Remnants versus
Adjacent Clearcuts

Late seral forest remnants “(0" and “E” produced
substantially more truffles than the elearcuts sur-
rounding them (Figure 2). Nineteen of 80 plots on
the two forest remnants had a total of 67
sporocarps, for a mean weight of 1.02 g
{s.e.=0.141) per plot. In contrast, the 80 clearcut
plots had only a single truffle. To our knowledge,
these are the first data to corroberate the “conven-
tional wisdom™ that hypogeous sporocarps are
largely abscnt from young, slowly regeneraling
clearcuts.

Several interacting explanations probably ac-
counl for our obscrvation of truffles being virlu-
ally absent in clearculs. First. decreased soil
moisture on cutover areas may depress truffle
production. Clearcutting and burning exacerhale
soil dessication during the Northwest's summer
drought (Chen et al. 1993), and 1ruffle produc-
tion tends to be lowest during hot and dry seasons
i{Fogel 1981). Similarly, the decrease in organic
soil depth following clearcutting and burning can
generate negative ecological effects (see Rosenberg
el al. In Press), which could include a decrease
in sporocarps normally found in the organic soil
layer.

Low trufile abundance in clearcuts may also
refllect reduced spore dispersal. In southwest Ore-
gon, two primary dispersal vectors ol hypogeous
propagules, the Calilornia red-backed vole and
Townsend’s chipmunk {Futamias townsendii). arc
significantly less likely to be caplured in clearcuts
than in forest remnants (Mills 1993, In Press). Fi-
nally, depressed truffle production may reflect the
loss of plant hosts in these clearcuts. Most hypo-
geous fungi rely on cctomyeorrhizal associations
with conifers and ericaceous plants for nutrilion
(e.g.. Arctostaphylos spp.. Arbutus menziesit) (Trappe
1962: Trappe and Maser 1978; Perry et ol. 1987;
Molina et al. 1992), and a deercase of these hosts
on clearculs can greatly reduce ectomycorrhizae

{Perry et al. 1987).

It is possible that other managed forests hav-
ing substantive regencration of eclomycorrhizal
hosts may not show such dramatic losses of hypo-
geous fungal sporocarps. IUis also possible that ec-
tomycorrizae may have formed on the few
regeneraling plants on our sites, bul that the par-
ent mycelia has nol yet obtained sufficient pho-
tosynthate for fruiting. There is a great need for
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Figure 2. Mean (and standard erron) of tonflle fresh-weight blomass (sromst. Comparisons include two late seral forest remmnants
o tad Ea

versus their surrounding elearcuts, and log versus no-log plots on four forest remnants. Sample sizes refer 1o number of plots.

long-term study on mycorrhizal fungi in a variety
of stand ages in order 10 determine the extent of
fungal decline and regeneration in  managed
lorests.

Truffles and Logs

Log plots were more than twice as likely 1o con-
tain truffles than no-log plots (P=0.007). Similarly,
truffle biomass was four times greater in log than
in ne-log plots (Figure 2), alibough high variance
made statistical significance marginal (P=0.08).

Harvey et al. (1976) had a similar finding in
western Montana, where mycarrhizae were found
in greater amounts underneath logs. However,
Luoma (1988) was the first 1o invesligate any rela-
tionship between production of sporocarps and
logs: his inulti-year. vear-round study in the rela-
tively mesic westside Cascades found no significant
correlation between logs and increascd truftle
production. This al firsl scems unexpected since

logs are primary habitat for mycophagous small
mammals whe presumably inoculate these areas
with feces laden with spores of mycorrhizal fungi

(Franklin et al. 19871; Luoma 1988).

Nevertheless, logs may be uniquely important
for truffles and voles in southwestern Oregon since
the soils are relatively dry and poor (Franklin and
Dvrness 1973; Haves et af. 1986). Because logs
provide a reservoir of moisture for surrounding
seils during monthe of little precipitation, they scrve
increasingly vital ecological Tunctions in drier
regions (Franklin et al. 1981; Maser and Trappe
1984). For example, radio-telemetry on Califor-
nia red-backed voles on one of our sites (Site K}
during the same summer found that 98% of telem-
etry locations for four voles were under logs, even
though logs covered only 7% of the vole home
range area; also, more highly decaved logs were
preferred (Tallmon and Mills 1994). Preferential
log use by this mycophagist would inoculate
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log-covered soils with spores of hypogeous taxa.
explaining in part why more sporocarps are found
there as well. We find it likely that this study found
a positive log-truffle relatienship where Tuoma did
not because the drier summer climate of south-
western Oregon tends 1o result in association of
both moisture and mvcophagy around coarse
woody debris.

Truffle Occurrence Related to Vole Occurrence

Of the 136 total truffle plots. 19 were deleted from
this analysis (with the deleted plat chosen ran-
domly) because they represented multiple samples
at the same trap location (Table 1. Of the 117
truffle plots at different trap locations, we found
that red-backed voles were more likely 10 oceur
in arcas with truifles than in those lacking them
(P <.05; Table 3). For plots with truffles. 78% (28
of 36} had voles within a 15 m radius around the
trufile plot. For plots lacking truffles, 46% (37 of
81) had voles within a 15 m radius.

TABLE 3. Contingeney table showing plots witk or without traf-
{les having California red-backed voles within 15 m.

vole no vole total
truffle 28 8 36
no truffle 37 41 21
tolal (i) 52 117

The finding that voles tend 1o be found near
truftles corroborates earlier rescarch showing that
the California red-backed vole’s lecal pellets arce
composed mostly ol spores from  hvpogeous
sporocarps (Maser et al. 1978a: Ure and Maser
1982}, The finding that voles are often found near
truffles, coupled with our abservations that hoth
voles (Mills In Press) and truffles are nearly ab-
sent from clearcuts, strengthens earlier suggestions
that “dependence on Jhypogeous] eclomycorrhizal
fungi by the western red-backed vole probably ac-
counls for the latter’s disappearance from
deforested sites™ (Ure and Maser 1982: 3307).

Although our results are limited to the summer
period. this is the time for both maximum truffle
consumption for the Calilornia red-backed vole in
southwestern Oregon (Hayes et al. 1986), and the
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most limited period of fruiting of hypogeous fungi
in general (Fogel 1976; 1981). Thus, these small
remnants of {orest may be especially important to
red-backed voles during the dry season,

Conclusion

We found thal during the summer of 1991 truf-
Nes were practically absent from voung clearcuts
in comparison lo adjacent forest remnants. On rem-
nanls, truffles were more often found under logs
and ncar red-backed voles. Qur findings may be
most relevant Lo the drier forests of southwestern
Oregon and northwestern California, and there is
certainly need 1o examinc these questions over a
wide variety of sites, seasons, and vears. Neverthe-
less, il appears that small remnanis of late seral
[orest can scrve, at least seasonally, as vital refuges
for hypogeous sporocarps and the small mammal
mycophagists (Mills 1993) which eat and disperse
them, Togs seemed to be an important struclure
for maintaining an abundance of truffles and red-
backed voles on our forest remnants (see also
Tallmon and Mills 1994, Mills In Press). Our study
strengthens other suggestions that coarse woody
debris may be central to maimtaining biological and
funclional diversity across fragmented landscapes.,
in both managed and unmanaged forests (Frank-
lin et el. 1981: Spics et al. 1988; Spies and Cline
1988; Hansen et al. 1991, Tallmon and Mills
1994).

Acknowledgements

This rescarch was supported by grants to L. 8. Mill
from the USDA Forest Service Pacific Northwest
Research Station, and from the National Audubon
Society. M. Amaranthus and the Siskivou National
Forest provided guidance, truffle identification and
lab space. Team-¥! and many others provided in-
spired field assistance. J. Knaver lent her map-
making skills. P. Schoonmaker, R. Engel, M.
North, B, Peterson, and 2 anonymous reviewers
offered constructive eriticism. D.ALC. gives special
thanks to J. Ramstetter, who lit the way by provid-
ing inspiration. eriticism and direction on the study
design and on carly drafts of the manuseript. Pub-
lication costs were defrayed by the Howard Hughes
Medical Institute, Marlboro College.




Literature Cited

Allen. M. F. 1991, The Ecology of Mycorrhizac, Cambridge
L.niversity Press, London.

Castellane, M. ALY M. Trappe. 7. Maser, C. Maser. 1989,
Kev to Spares of the Genera of Hypogeons Fungl of
North Temperate Forests with Reference 10 Animal
Mycophagy. Mad River Press. Turcka. California.

Chen, J.. ]. ¥. Franklin. 1. A, Spies. 1993, Contrusling microcl-
mates amony clearcut. edge. and interior of old growth
Douglas fir forest. Ag. For. Melerol. 03: 219-237.

Fogel. R, 1976, Ecologival studies of hypogeous fungi. 11
Sporocarp phenology in a western Oregon Douglas-fir
stand. Can. . Bot. 534: 1132-1162.

1981, Quantification of sporocarps produced by by-
pogeous fungi. In: The Fungal Community, ils (rgani-
zation and Hole in the Ecosvstem. Fddiled by Do T.
Wicklow and G. C. Carroll. Marcel Dekker, Rew York.
pR. 553-568.

Franklin. . F. and C. T. Dyrness. 1973, Natural vegetalion
of Oregon and Washington. USDA For. Serv. Gen.
Tech. Rep. PNW.8. Pac. Northw. For. Range Exp. Sta.
Portland, Oregon.

Franklin, J. F.. K. Cromack. Jr. W. Denison. A. Mc Kee, €.
Maser, L Sedell. I, Swanson, and (G, Juday. 198!, Eco-
logical characteristios of old-growth Douglas-fir Forests.
L.SDA For. Serv. Gen. Tech, Rep, PAW-118. Pac.
Northw, For, Range FExp. Sta. Portland, Oregon.

Gashwiler, 1.5, 1970. Planl and mammal changes on a clear-
cut in West-Central Oregon. Ecology 510 1018-1026.

Hansen, A. J.. T. AL Spics, . | Swanson, and ). L. Ohlman.

1991, Conserving biodiversity in managed lorests: les-
sons from nataral forests. Bioscicnee 310 382-392.

Harley. J. L 1969, The Biology of Mycorrhiza. 2nd edition.
Leonard Hill. London. 334 p.

Harvev. ACEL M. ] Larsen, and M. F. Jurgensen, 1976. Dis-
ribution of eclomycorrhizac in a mature Douglas-
firdlarch forest soil in weslern Montana, For. Sei. 22:
393-398.

Hases, J. P.. 5. P Cross, and P.W. Melntire, 1986. Seasonal
wariation in mycophagy by the western red-bached vole.
Clethrionomys californicus, in southwest Oregon. Northw,
Sei. 60: 250-257.

Thurlbert, 8. H. 1984, Psuedoreplication and the design of ceo-
logical field experiments. Feo. Mon, 532): 187-211.

Lusima, ). L. 1988, Biomass and community structure ol
sporocarps formed by hypogeous eotomycorrhizal fung
within selected foresl uhitats of the H.J. Andrews Ex-
perimental Forest, Oregon. PhD. Dissertation. Oregon
State Universily,

Luoma, . 1., R. E. Frenkel, . M. Truppe. 1991, Fruiting
of hypogeous fungi in Oregon Douglas-fir forests: sea-
sonal and habitat variation, Myeologia 83(3): 335-53.

Muser. C.. ). M. Trappe, and R. A, Nusshaun. 1978a. Fungal-
small mammal interrelationships with emphasis on Ore-
gon conilerous forests. Feology 59: 799-509.

Received 5 June [993
Accepted for publication 16 July 1994

Maser, C., M. Trappe. and 1. Ure. 1978b. Implications of
small mammal mycophagy 1o the management of west-
ern coniferous forests. Trans. Nor. Am, Wildl. Nal. Res.
Conf. 43: 78-88.

Maser, C., and .M. Trappe, {editors). 1984, The seen and
unseen world of the fallen ree. USDA For, Serv. Gen,
Tech. Rep PANW-164. Pac. Northw, For. Runge Exp.
Sta. Portland, Oregon.

Mills. .5 1993, Fxtinclions in habitat remnants: proximate
mechanisms and biogeographic consequences. Phiy Dis-
sertation. University of California, Santa Cruz.

_ . In Press, Fdge effects and isolation: red-backed
voles on forest remnants. Cons. Bio,

Molina, R.. H. Massicotte. and [.M. Trappe. 1392, Specificity
phenemena in mycorrhizal symblosis: community eco-
logical consequences and practical implications, In:
Mycorrhizal Functioning. Michael Allen, editor, Chizp-
inan and Hall, New York.

Perrv. D0 AL R, Molina, M. P, Awaranthus. 1987, Mycorrhi-
zae, mycorrhizosphercs. and reforestation: currenl
knowledge and research necds. Can. J. For. Res. 17:
929-40.

Rice, W. R. 1988, A new probability mode! for determining
exact Pevalues for 2x2 contingeney tables when com-
puring binomial proportions. Biomelrics 44: 1-22.

Rice. and S, D. Gaines. 1989, Onc-way analysis of variance
with unequal variances. Proc. Nall. Acad. el 86:
8183-8184.

Rosenberg, D, K., K. AL Swindle, and R. G. Anthony. In Press,
Hubital associations of California red-backed voles in
voung and old-growth lorests in western Oregon.
Northw, Sel.

Spies, T. A.. L. F. Pranklin, and T. B. Thomas. 1988, Coarse
woody debris in Douglas-{ir lorests of western Oregon
and Washington. Ecology 69 10689-1702.

Spies. T. A.. and 8. P. Cline. 1988. Coarsc woody debris in
forests und plantations of coastal Oregon. Pages 5-23
in C. Maser, B. F. Tarrant, }. M. Trappe, and J. F.
Franklin, eds. From the forest 1o the sea: a story of fallen
rees. LSDA For. Serv, Gen, Tech. Rep. PNW-229.
Pae. Northw, For, Runge Exp. $ta. Portland, Oregon.

Tallmen, D.. and [.. 5. Mills. 1994, Use of logs within home
ranges of Calilornia red-hacked voles on a remnant of
forest. J. Mamm. 75(1): 97-101.

Trappe. J. M. 1962, Fungus associations of celotrophic mycor-
rhizac. Bol. Res. 28: 338-606.

Trappe, §. WM., and C. Maser. 1978, Faiomycorchizal fungi:
interactions of mushrooms and truffles with beasts and
trees. Ln: Mushrooms and Wan: An Interdisciplinary
Approach to Mycorrhizac. Edited by T. Walters, Linn-
Benton Community College. Albany. Oregon.

Trappe. I. M.. and R. Molina. 1986. Taxonemy and geneties
of mycorrhizal fung): their interactions and relevance.
Pages 133- 146, in V. Gianinazzi-Pearson and 5.
Gianinazzi. Physiological and CGenelical Aspects ol
Mycorrhizue. Institut National de la Recherche Agrone-
micue, Paris.

Lre. D, C.. and €. Maser. 1982. Myeophagy of red-backed
voles In Oregon and Washinglon., Can. J. Zoo. 60:
3307-3315.

Truffies in Remnants and Clearcuts 265




