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The influence of clear-cutting on ectomycorrhizal
fungus diversity in a lodgepole pine (Pinus
contorta) stand, Yellowstone National Park,
Wyoming, and Gallatin National Forest, Montana

Kristin B. Byrd, V. Thomas Parker, Detlev R. Vogler, and Ken W. Cullings

Abstract: Effects of clear-cutting on the ectomycorrhizal (EM) fungus community Riraus contortaDougl. ex Loud.

forest near Yellowstone National Park, Wyoming, U.S.A., were assessed using molecular techniques. Samples were
taken by soil core in both undisturbed and clear-cut sites by randomized block design. Species overlap was compared
between clear-cut and undisturbed sites and ascomycete—basidiomycete ratio was determined, using PCR-RFLP meth
ods. Fifty species of EM fungi were detected in the clear-cut sites, the most common@eiegoccum geophilum

Fr., Suillus sp., a member of the suilloid group, a Russulaceae species, and a Thelephoraceae species. Sixty-six species
were detected in the undisturbed sites, which were dominated by a Suilloid species, a Tricholomataceae species,
Cortinarius sp., andCenococcum geophilun$pecies composition in the clear-cut sites differed significantly from that

in the undisturbed sited?(= 0.0001). However, 9 of the 14 species most commonly found in the clear-cut sites were

also found in the undisturbed sites, but in much lower abundance, while species rank curves of both stand types mir
rored each other. There were no significant differences in species richness, root-tip abundance, or ascomycete—
basidiomycete ratio between the clear-cut and undisturbed sites. However, species richness was lower in the clear-cut
sites than in the undisturbed sites. An overall loss of species richness after clear-cutting and significant changes in spe-
cies composition indicate that clear-cutting can negatively alter the EM fungal community, and this may have profound
effects on ecosystem function.

Key words ectomycorrhizae, community structure, clear-cutting, molecular techniques.

Résumé: A l'aide de techniques moléculaires, les auteurs ont évalué les effets de la coupe a blanc sur la communauté
fongique ectomycorhizienne (EM) d’'une forét &nus contortaDougl. ex Loud. prés le parc Yellowstone, au Wyo-

ming, U.S.A. lls ont récolté des échantillons par carottage dans des sites coupés a blanc et dans des sites non-
perturbés, selon un dispositif en blocs aléatoires. lls ont comparé les recoupements d’especes entre les sites coupés a
blanc et les sites non-perturbés et ils ont déterminé les rapports ascomycetes—basidiomycetes par des méthodes PCR-
RFLP. Ils ont décelé 50 especes de champignons EM dans les sites coupés a blanc, les plus communé&eatant le
coccum geophilunirr., desSuillussp., un membre du groupe Suilloide, une espéce de Russulaceae, et une espéce de
Thelephoraceae. Dans les sites non-perturbés, ils ont trouvé 66 espéces, dominées par une espéce suilloide, une espéce
de Tricholomataceae, uBortinarius sp., et leCenococcum geophilunba composition en especes dans les sites coupés

a blanc differe significativement de celle des sites non-perturBés .0001). Cependant, 9 des 14 espéces les plus
communes dans les sites coupés a blanc se retrouvent également dans les sites non-perturbés, mais en beaucoup plus
faible abondance, alors que les courbes d'importance des espéces des deux types de site sont I'image virtuelle I'une de
'autre. Il n'y a pas de différence dans la richesse en espéces, I'abondance des apex racinaires, ou les rapports ascomy
cetes—basidiomycetes, entre les sites coupés a blanc et les sites non-perturbés. Cependant la richesse en espéces est
plus faible dans les sites coupés a blanc, comparativement aux sites non-perturbés. Une diminution globale de la ri
chesse en espéces, apres coupe a blanc, et un changement significatif de la composition en espéces indiquent que la
coupe a blanc peu altérer négativement la communauté fongique ectomyccorhizienne, et que ceci pourrait avoir des ef
fets marqués sur le fonctionnement de I'écosystéme.

Mots clés: ectomycorhizes, structure des communautés, coupe a blanc, techniques moléculaires.
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Introduction Methods

. . . Site characteristics
Mycorrhizal fungi are integral to forest ecosystems. They The three clear-cut sites used for this study are in the Gallatin

are ms_trumental in the u_ptake of water and nutrients by planhational Forest, Montana, on the Parched Gully clearcut. Parched
roots, increase the_ survival of see(_illngs,.a.nd protect againgfyly is 12 miles (1 mile = 1.609 km) south of West Yellowstone,
root pathogens (Miller 1995). Despite their importance, little Montana, and one-half mile from the western border of Yellow
is known about mycorrhizal-community structure and eom stone National Park, in the Hebgen Lake Ranger District. Each
position. Consequently, little is known about the link-be site was approximately 8 ha in size and ranged in elevation from
tween the mycorrhizal community and forests and how2300 to 2500 m. Forest vegetation was characterized.byor
changes in forest systems affect the fungal community. ~ torta, converting toAbies lasiocarpa(Hook.) Nutt., Pinus albk

. . . . .” .. caulusEngelm., and/accinium scopariunheiberg. in old growth.
A high diversity of fungi may be necessary to maintain Soil type was characterized by hard crystalline rocks, sandstone,

the stability of the fprest _ecos_ystem, In c_hanglng enwron rhyolite flows. Soils had a moderately coarse to medium texture.
ments, fungal species with different environmental toler pmajor soils were Dystric Cryochrepts and Typic Cryochrepts-(Da
ances may shift in abundance on a plant host. Ecosysteiis 1996). Regeneration of the forest after a disturbance has been
stability and resilience to disturbance may be increased byanked moderately limited, owing to the harsh subalpine climate
high fungal species diversity (Perry et al. 1989). With manyand “droughty” soils.

species in the system, maintenance of mycorrhizal associa The undisturbed sites were in Yellowstone National Park, near

tions is ensured, despite changes in the environment and i western border. Clear-cut and undisturbed locations had the
fungal compositition. same vegetation type, a similar elevation (2300-2500 m), and simi

. o I il t .

Because of the role of fungal diversity in ecosystem func ar soit ypes

tion, studies of ectomycorrhizal (EM) community structure
are important (Gardes and Bruns 1996; Visser 1995; Dahlbe . .

The clear-cut sites regenerated naturally. At the time of-sam

et al. 1997; Horton and Bruns 1998). An impetus for thesepIing, the clearcuts were 8 years old and were dominated almost

studies is the need to understand how EM-community struczy|;sively byP. contortaandCarexspp. They were adjacent to an
ture is altered by human disturbances such as clear-cuttingngisturbed forest dominated 1 contorta.

Clear-cutting reduces EM abundance through increased soill

evaporation and degradation of the fine roots of cut tree%ampling

(Per.ry et al. 1987, 1990; P|et|ka_|nen_ and Frl_tZe 1995). Other Three clear-cut sites were chosen from the Parched Gully area.
detrimental effects of clear-cutting include increased variaat each site, three sampling locations were chosen that were at
tion in soil temperature and moisture (B&ath 1980; Entry eteast 20 m from the border of the clearcut and about 15 m from
al. 1986) and a loss of organic matter and soil aggregatiorach other. Sampling was done in late August 1996. In each loca-
(Perry et al. 1989). However, while these environmentakion, three soil cores were collected nercontortasaplings, to
Changes direcﬂy affect EM abundance, the major cause dflaximize the quantity of roots in each sample. Each core was di-

their reduction is the removal of the fungi's energy source—Yided into three depthsi)(0-5 cm, {) 5-10 cm, and i) 10-

carbohydrates from trees (Perry et al. 1989) 15 cm. Each core was 10 cm in diameter, making the volume of
Y . y ) " each core sample approximately 392.5%cm

Forest disturbance not only affects mycorrhizal abundance

but a_llso species composition. A chap_ge in mycorrhlgal .ComSorting and sampling of mycorrhizal root tips

munity stru_cture Or Species composmon_can_be an indicator Cores were kept on ice until returned to the laboratory and then
of how a disturbance, such as clear-cutting, impacts the forsored at 4°C until ready for processing in early September. At that
est ecosystem. For example, in relation to basidiomycetegime, soil samples containing live root tips were sifted; washed;
ascomycetes become more dominant after fire (Wicklow an@dorted by morphotype, according to color, hyphal type, and branch
Hirschfield 1979; Wicklow 1988). Despite this research, lit ing pattern; and placed in a 1.5-mL Eppendorf tube. A soil sample
tle is known about the effects of disturbance on ascomycetewas defined as one layer (e.g., 0-5 cm) of a core. Root tips were
basidiomycete ratios and EM community structure andreeze-dried and stored at —20°C pending analysis.

species diversity. Assessment of fungal diversity has been The intemal transcribed spacer (ITS) region of the fungal nu
difficult, because of an incomplete understanding of fungal'é@r ribosomal RNA gene repeat (nrfRNA), consisting of approxi

- ; - mately 600—800 bp, was amplified using primers ITS1 and ITS4B,
taxonomy and a lack of resolution by morphotyping (Miller to identify basidiomycetes, and ITS1F and ITS4, to identify asco

1995). Molecular techniques, however, have greatly adycetes from individual mycorrhizae, using the method of Gardes
vanced the opportunities to study fungal diversity (Gardesing Bruns (1993). EM restriction fragment length polymorphism
and Bruns 1993) and can increase the potential of identify(RFLP) patterns were obtained by restriction digesidul( and
ing and quantifying mycorrhizal species. Hinfl). Once RFLP patterns of root tips were produced, a letter
In this study, we determined the effects of clear-cuttingcode or species label was assigned to each unique pattern, and the
on species richness, species composition, and relative- abu Sugﬂi?gﬁtgﬂigcgEﬁgeg&aﬁg”@”%‘ggﬂ‘% pfrr‘:;?g;? ;’;’ﬁztﬂg”e
]Ejancte ?f EM tfungl 'nf,'[nus .cor;tct))rtavar. IatlfollatEngelm. h.and was repeated three times to ensure accuracy. Only unambig,u
orest. mpa(? S were determined by Compa””g (.3 mycorr 'ous, clear patterns, indicating lack of dual infection or contamina
zal community of clear-cuP. contortasites to undisturbed jon were scored as unique.
100-year-oldP. contortasites in and near Yellowstone Na  Fryit bodies were collected from the clear-cut and undisturbed
tional Park. As part of this study, the ratio of ascomycetes taocations during July and August of 1996. Additional fruit bodies
basidiomycetes in the two stand types was also comparedhad been collected from the undisturbed locations during the sum

rEite history
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mer of 1995. Collections were made within 30 x 30 m plots thatFig. 1. The most common species found in clear-cut sites. Seven
contained the coring locations. Fruit bodies were identified in thespecies comprised 50% of the root tips from the clear-cut sites
field while freSh, then OVen'dried, and archived in the H. ThierSana|yzed_ The most dominant was an ascomycete and the other
Herbarium at San Francisco State University. six were basidiomycetes. The footnotes in the figure indicate:

EM RFLP patterns were identified to species by comparingi ihe code assianed to each RELP pattérrthe species was
them with those obtained from reference fruit bodies. As each spe 9 pattérrte species w

cies of fruit body produced a unique RFLP pattern, it was assumem'udemmed _by the fruit body, th(_a SPecies was |der_1t|f|eo! _by
that all EM patterns represented a unique species. In cases methOds In Brur_ls et al. (1998}; the species was identified by
which fruit bodies were not available for identification, fungi form methods in Cullings and Vogler (1998).

ing ectomycorrhizae were identified to class or order (by phylegen

etic analysis of the 5.8S nrRNA sequence; Cullings and Vogler *
1998) or to family (by phylogenetic analysis of the mitochondrial
small subunit RNA sequence; Bruns et al. 1998).

Patterns from the clear-cut sites were compared with patterns
from undisturbed sites, to determine if species overlap existed.3 °
Matching patterns were given the same species label. To obtairs
further evidence that they were the same species, those patterr$ °
thought to be identical were run side-by-side on the same gel to &
make a more accurate comparison. o

Cortinarius sp.2

Russulaceae®
Thelephoraceaea
Russulaceae®
Suilloid groupa

X

Analysis

The most abundant species were identified by comparing root .«
tip RFLP patterns to patterns generated from identified mush
rooms. Contingency tables andyd test were used to determine
differences in species composition between the clear-cut and-undis
turbed locations. In addition, a multivariate analysis of variance of
a mixed two-factor design was used to analyze variation in species. 2 The most common species found in undisturbed sites
richness, root-tip abundance, and ascomycete—basidiomycete ra i0d- < . . po : und in undistu Ies.
between clear-cut and undisturbed sites and between layers withiA€/€Nn Species comprised 50% of the root tips from the undis-
sites. Sites were compared using evenness and diversity indices, fgrbed sites analyzed. One species was an ascomycete and the
determine differences in community structure, and the Sorenson irpther six were basidiomycetes. The footnotes in the figure indi-
dex (a distance measure) (Krebs 1989), to determine differences iate:?, the code assigned to each RFLP pattérthe species
community composition. was identified by the fruit body?, the species was identified by
methods in Bruns et al. (1998J; the species was identified by
methods in Cullings and Vogler (1998).

10

20 30 40 50 80
Number of Root Tips (Names with “as” = ascomycetes)

Results

X 4

Fifty unique RFLP patterns were identified in the three
clear-cut sites (an average of 16.7 species and 135 root tip:
per site), with an average of 4.05 species being found per
core. Seven species contributed to 50% of the EM fungi root _
tips (Fig. 1). One of these was an ascomycé&enococcum
geophilumFr.; 52 root tips) and 6 were basidiomycetes (150
root tips). 8

Undisturbed sites yielded 66 species (an average of 33”*"
species and 174 root tips per site), with an average of 8.25
species being found per core. Seven species contributed t
50% of the root tips in these sites (Fig. 2). One species was
an ascomycete (23 root tips) and 6 were basidiomycetes
(155 root tips). ’ ® Number ofgootTing(Namezé with ";i"=aséi:mycet§s) ® ?

Among both clear-cut and undisturbed locations, a total of
106 species were identified. Ten species were found in both
clear-cut and undisturbed sites. Forty species were unique thich closely mirror each other (Fig. 3). The diversity indi
the clear-cut sites and 56 species were unique to the undises and evenness measures of the clear-cut and undisturbed
turbed sites. Restriction fragment sizes for the unique patsites support this finding, as they were also very similar (Ta
terns found in both clear-cut and undisturbed sites are listeliles 2 and 3). However, those species most abundant in the
in Table 1. The sum of fragment sizes equaled approxiclear-cut sites were not the same as those most abundant in
mately 600—800 bp, the length of the ITS region amplified.the undisturbed sites.

This indicated a lack of dual infection or contamination for ~Chi-square tests indicated a significant difference in-spe
each pattern; a greater sum of base pairs would indicateies composition between the clear-cut and undisturbed sites
more than one DNA fragment in the sample. (P =0.0001). The multivariate analysis of variance disclosed

Although undisturbed forest locations had more speciesno significant differences between the clear-cut and undis
the relative abundance of species in the two treatments wdsrbed sites in any of the three tests: species richness, root-
similar, as illustrated by the species-distribution curvestip abundance, and percentage of ascomycetes. In addition,

Cortinarius sp.2

Suilloid group®

asl Cenococcum geophilum*

ecies Labe

Cortinarius sp.2

Tricholomataceae®

Hzo

&
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Table 1. Restriction fragment sizes (in bp) for the restriction patterns identified.

(A) Basidiomycetes.

Undisturbed sites

Clear-cut sites

Species label Hinfl Alul Species label Hinfl Alul

BB 320 280 124 280 240 124 AA 400 190 124 400 240

CcC 320 250 110 600 B 520 340 500 300

F 380 320 520 300 BB 320 280 124 280 240 124
FS 320 242 147 500 300 C 480 320 500 300

H10 400 320 67 400 250 ccC 320 250 110 67 600

H11l 300 300 260 220 100 D 260 190 700

H12 450 320 500 DD 380 300 147 300 250 190
H13 500 100 500 200 E 380 320 420 242

H14 300 280 124 400 242 F 380 320 520 300

H15 360 320 110 360 242 FF 400 320 500 400 280
H16 340 340 100 700 80 G 380 260 320 242 180
H17 320 180 150 100 600 150 GG 340 300 700

H18 340 200 130 50 400 280 80 H 500 400 320 450 300

H2 380 340 124 500 100 HH 340 320 700

H20 404 90 400 90 | 340 360 380 260

H21 380 64 480 300 J 340 200 480 260

H51 400 400 400 300 JJ 380 160 400 220

H23 360 242 320 220 L 340 124 520 147 80
H25 400 300 124 400 240 M 250 200 124 110 70 450 360

H27 380 320 700 N 320 200 147 124 500 160

H52 400 400 500 110 (0] 340 300 124 300 140

H28 330 350 500 300 PP 300 220 404 200

H53 300 124 450 280 Q 320 280 200 500

H31 300 180 140 400 330 R 350 124 380 220

H33 360 340 100 300 260 190 S 320 190 170 124 500 124 70
H34 380 300 500 400 X 220 190 120 67 400 300

H35 400 242 30 750 z 320 300 110 500 400 260
H36 400 280 700

H38 500 400 147 400 147

H39 500 250 550 147

H40 450 400 400 250

H41 400 300 500 300 190

HA42 320 250 64 500 250 147

H44 300 300 500 250 147

H45 500 400 380 200

H46 500 300 500 190

H47 350 67 500 300 250

H49 400 300 480 300

H5 380 300 100 400 140 60

H50 350 124 500 300 250

H6 440 260 140 480 340

220

[4°1
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H8 320 180 140 400 300
JJ 380 160 400 220
L 340 124 520 147 80
M 250 200 124 110 70 450 360
S 320 190 170 124 500 124 70
X 220 190 120 67 400 300
(B) Ascomycetes.
Undisturbed sites Clear-cut sites
Species label Hinfl Alul Species label Hinfl Alul
asK 340 300 160 124 110 400 190 asA 404 260 160 110 450
asT 300 190 170 600 asB 340 300 500 400
Fasl 320 250 147 500 400 242 asC 380 240 190 500 147
FasL 380 300 680 asD 320 240 147 450 190
Hasl 380 170 600 askE 280 242 147 500 300
Has10 360 340 650 asF 380 340 500 240
Has11 380 242 190 750 asG 380 340 500 330 124
Has12 240 200 500 asH 360 200 450 180
Has13 360 190 60 asK 340 300 160 124 110 400 190
Hasl16 340 190 147 600 asQ 380 190 147 600 80
Has18 260 220 147 600 ask 320 242 320 242
Has2 360 300 360 200 60 asT 300 190 170 600
Has20 380 170 500 200 asX 260 200 130 124 404 320
Has21 404 260 600 asMm 340 300 600 500
Has3 400 320 320 200 190 asN 340 300 300 190 170
Has4 300 200 124 600 asO 190 160 147 500
Has6 350 340 70 650 150 asS 380 160 380 200
Has8 404 320 600 asU 242 180 67 450 160
Has9 400 360 520 200 asL 340 300 400 190
aswW 380 360 600
asyY 340 320 400 190
asZ 340 320 480 190
asl 500 320 160 400 190

Note: In species labels as, ascomycete; H, found in mature sites only.

‘e 18 pIAg
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Fig. 3. Logarithmic distribution of species, ranked according to  Fig. 4. Species richness for each depth for clear-cut and undis
the number of individuals of each species, for clear-cut and un turbed sites. Species richness in each core layer was determined
disturbed sites. The rank of each species from 1 (the most-abunusing a multivariate ANOVA of the percentage of species in each

dant species) tm (the rarest species) is plotted on thaxis core layer. Species richness was greater in the undisturbed sites
(Krebs 1989). The-axis represents the logarithm of the relative than in the clear-cut sites in core layers from depths of 5-10 and
abundance of each species. The most dominant species in 10-15 cm.

clearcuts was represented by 12.84% of the individuals and 07

seven species made up 50% of all individuals. The most domi

nant species from the undisturbed sites represented 13.51% of all os
individuals and seven species made up 50% of all individuals.

100%
—#—Undisturbed

0.5

04

10%

Percentage Species

0.1

o
3
o

Core Layer

Relative Abundance (log scale)

Fig. 5. Root-tip abundance for each depth for clear-cut and un
disturbed sites. The root-tip abundance in each core layer was
determined using a multivariate ANOVA. There were more root
tips in the undisturbed sites than in the clear-cut sites in core
layers from each depth, with the greatest difference being found
in core layers from a depth of 0-5-cm.

0%

; B T T SN S M
TOWLNO oo ANNNA® SN
r

Table 2. Diversity indices for undisturbed and clear-cut sites.

Index Undisturbed sites Clear-cut sites 16
Simpson’s (1-D) 0.946 0.952 y
Shannon-Wiener 4.987 4.86
Note: (1-D), 1 — Simpson’s index ol — (probability of picking two 12
organisms that are the same species) (Krebs 1989). 2 10
o
2
Table 3. Evenness measures of undisturbed and clear-cut sites. 3 s
Index Undisturbed sites Clear-cut sites 5 6
Simpson’s 0.957 0.969 5,
Shannon-Wiener 0.808 0.863

the soil-core layers within each treatment did not differ sig o
i . - 5-10 ¢m
nificantly in any of the tests. Core Layer
Although there was no significant difference in species
richness between clear-cut and undisturbed sites, in the uill species except one were abundant in the clear-cut sites
disturbed locations, there was a trend indicating increasingut rare in undisturbed sites. While there was a significant
species richness with soil depth (Fig. 4). Unlike species-richdistinction @ = 0.0001) between the clear-cut and urdis
ness, root-tip abundance decreased with soil depth in the uturbed sites, there was also overlap in species composition.
disturbed sites (Fig. 5). A few common species dominatedNine of the 14 most common species in the clear-cut sites
the upper core layers, while the lower layers consisted ofvere also found in the undisturbed sites. This comprised 202
many rare species. In contrast, there was little differenceoot tips—one-half of the clear-cut root tips. In contrast,
among the soil cores in the clearcuts with respect to depthonly 34% of the undisturbed stand root tips (119 root tips)
Ascomycetes comprised 38.8% of the root tips in thewere of a species found in both the clear-cut and undis
clearcuts (23 of 50 species) and 28.7% of the root tips in théurbed sites.
undisturbed locations (19 of 66 species). No significant dif To determine whether any of the difference in species
ference in ascomycete proportions was found between theomposition between the clear-cut and undisturbed sites was
clear-cut and undisturbed sites. However, in both clear-cutlue to site effects or treatment effects (i.e., clear-cutting),
and undisturbed site, the ascomycete proportion decreaséde average distance between sites of the same treatment was
with soil depth (Fig. 6). compared with the average distance between sites of differ
Ten species were present in both the clear-cut and undignt treatments. This analysis was conducted with presence—
turbed sites: two ascomycetes and 8 basidiomycetes (Fig. 7absence data (Sorenson index) and relative-abundance data

© 2000 NRC Canada
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Fig. 6. The percentage of ascomycetes for each depth in clear- Fig. 7. Relative abundance of species found in both clear-cut and
cut and undisturbed sites. The percent abundance of ascomycetendisturbed sites. Ten species were present in both clear-cut and
root tips in each core layer was determined using a multivariate undisturbed sites, eight of which were basidiomycetes. In gen
ANOVA. The ascomycete abundance was greater in the clear-cueral, these 10 species were more dominant in the clear-cut sites
sites than in the undisturbed sites in core layers from each depttihan in the undisturbed sites. The footnotes in the figure-indi

06 cate:!, the code assigned to each RFLP pattérrthe species

was identified by the fruit body?, the species was identified by
methods in Bruns et al. (1998); the species was identified by
methods in Cullings and Vogler (1998).

20.00%]

0.5

°©
=

Cenococcum
D

B Clear-cut
B Undisturbed

18.00% B

18.00%
Suilloid group3
14.00% == Sullissp*

12.00%

Percent Abundance

~ Suiloidgroup®

0.1 10.00%

8.00%

Relative Abundance

5-10 cm 10-15 ¢cm
Core Layer

500% - Theleraoeae3

Discomycete*
== Cortinarius sp.2
Thelemoraoeae;

4.00%
(Euclidean distance). In both cases, the average distance be
tween sites of different treatments was greater than the aver
age distance between sites of the same treatment. Thes %
results support the finding that the treatment effect was Species (Names with "as” = ascomycetes)

greater than the site effect (Table 4).

2.00%

Table 4. Distance measures (a greater value indicates more dis-

Discussion tance and, therefore, less similarity).

The fungal community structure was similar in clear-cut Undisturbed Clear-cut Undisturbed sites/
and undisturbed locations, as indicated by the relative sites sites clear-cut sites
abundan_ce curves. Ge_nerally, steep curves indicate an ealp csence_absence 0.417 0.404 0.655
successional community, while a relatively flat curve indi-

. . data (Sorenson)
cates a more undisturbed community (Krebs 1989). HOW g4 |ative-abundance 346 208 413

ever, in this study, as indicated in Fig. 3, clear-cut and
undisturbed stands had similar community structures despit
differences in age. This suggests that mycorrhizal domi
nance patterns did not change after the clear-cut disturban@dservations of the number of saplings in each type of stand.
but, instead, were maintained. Loss of EM species richness could be associated with poor

While clear-cut and undisturbed sites were similar inregeneration oP. contorta Poor regeneration could also be
terms of relative EM species abundance (Fig. 3), speciedue to environmental stress resulting from relatively steeper
composition between the clear-cut and undisturbed sites wasdopes (e.g., less soil moisture, nutrient loss in runoff) and
significantly different. Also, trends suggest differences incompetition fromCarexspp., which were abundant in clear-
species richness between the clear-cut and undisturbed sitesit sites. Competition fronCarex spp. in disturbed forests
although these trends were not significant. Species richnesgs been documented by Abrams and Dickmann (1982),
decreased after disturbance and ascomycete proportiens iwho found that these became the dominant species and
creased. Reduction in species richness parallels previoumused a reduction in diversity iRinus banksiana.amb.
studies that showed a decrease in mycorrhizal abundance aftes that had been clear-cut and (or) burned.
ter clear-cutting (Perry et al. 1987, 1990; Pietikdinen and As mentioned earlier, 9 of the 14 species most commonly
Fritze 1995). The response of ascomycetes to clear-cutting found in clear-cut sites were also found in the undisturbed
similar to their response to fire disturbance (Wicklow andsites, but in much lower abundance. One hypothesis that
Hirschfield 1979; Wicklow 1988). After both disturbances, could explain this observation is that these 9 species in the
ascomyetes became more dominant in relation to basidialear-cut sites may have been less abundant prior to distur
mycetes. Post fire in a lodgepole pine forest, ascomycetdsance and became more abundant after clear-cutting, per
became dominant through the colonization of fine-root bio haps as a result of a functional shift or by chance. Over
mass, woody roots of dying or dead trees, and the breaksuccessional time their relative abundance may decrease as
down of litter or humus (Wicklow 1988). These conditions new species become established, and may continue -to de
may be present in a clear-cut stand as well, leading to therease until their numbers are more characteristic of an un
same increase in the proportion of ascomycetes. disturbed stand.

Although not quantifiedP. contortaappeared to have +e The large number of basidiomycete species found in-com
generated relatively poorly in the clear-cut sites, based omon in the two forest types suggests that there is a shift

data (Euclidean)

© 2000 NRC Canada



156 Can. J. Bot. Vol. 78, 2000

from ascomycetes to basidiomycetes over successional timReferences
Eight of the 10 species shared between clear-cut and -undis
turbed sites are basidiomycetes. However, ascomycetes w

present in the clear-cut sites as well as in the undisturbed

sites. This pattern can be explained by one of two hypothe_., . . . )
ses. {) Mainly basidiomycetes remained in the soil after Baf%trhéstE"nlgfr?t'ra?(gl fgggr?l SbIC?F]Ba%T g.tgéh(gem?'igtgngogf a pine
clear-cutting. The clear-cut site, while at first containing onlyBruns TID Szaro VTVM éaro:esl M ICuIIings' KV\7 Pa'm 33
basidiomycetes that remained after the disturbance, may thenTay’lor' D.L. Horton TR.. Kretzer A. Garbelotto. M.. and Li.
have been invaded by ascomycete species or by germinatingY_ 199’8. A ’sequenc’e dat’abase fo’r th,e identiﬁcatfon (;f ecton;y
pre-existing ascosporesi)(All species may have been pres o rhizal basidiomycetes by phylogenetic analysis. Mol. E€ol.
ent in the clearcuts after disturbance, but in different propor 257_272.
tions. Ascomycetes may have become more dominant, asullings, K.W., and Vogler, D.R. 1998. A 5.8S nuclear ribosomal
indicated by their relatively high abundance in the clear-cut RNA gene sequence database: applications to ecology and evo
sites, as a result of changes in soil conditions following |ution. Mol. Ecol. 7: 919-923.
clear-cutting. Dahlberg, A., Jonsson, L., and Nylund, J.E. 1997. Species diversity
Our results indicate that clear-cutting can have significant and distribution of biomass above and below ground among
effects on EM fungal species richness and composition. Some ectomycorrhizal fungi in an old-growth Norway spruce forest in
fungal species responded positively to clear-cutting, and it is South Sweden. Can. J. Bats: 1323-1335.
possible that they remained in the soil after treatment. HownDavis, C.E. 1996. Soil survey of Gallatin National Forest, Montana.
ever, an overall loss of species richness after clear-cutting United States Department of Agriculture, Forest Service and Nat
and significant changes in species composition indicate that ural Resources Conservation Service; in cooperation with the
C|ear_cutting can negative'y alter the EM funga| Community, Montana Agricultural Experiment Statl-on, Bozeman, Mont. .
and this may have profound effects on ecosystem functionEntry. J-A., Stark, N.M., and Loewenstein, H. 1986. Effect of-tim
For example, a loss of EM species richness can have neg ber haryestlng on mlcroblal biomass flgxes in a northern Rocky
ative impacts on forest ecosystems. Greater fungal diversity Mountain forest soil. Can. J. For. Res5: 1076-1081.
may provide resilience, buffering changes in forest ecosyse2des; M., and Bruns, T.D. 1993. ITS primers with enhanced
tems caused by natural disturbances. Thus, loss of EM diver- specificity f_or baS|d|omycetes—applllcat|on to the identification
sity could reduce forest resilience, which could, in turn, hav of mycorrhizae and rusts. Mol. Ecdk 113-118.
. ! h ! A eGardes, M., and Bruns, T.D. 1996. Community structure of ecto-
detrimental effects, such as a loss in the plant—soil link,

hich Id then | on in f . mycorrhizal fungi in aPinus muricataforest: above and below
which would then lead to a reduction in forest regeneration ground views. Can. J. Bo74: 1572—1583.

(Perry et al. 1989). _ ) Horton, T.R., and Bruns, T.D. 1998. Multiple-host fungi are the
Continued research in mycorrhizal fungus community ecol-  most frequent and abundant ectomycorrhizal types in a mixed

ogy will greatly improve our understanding of ecosystem stand of Douglas fir Rseudotsuga menzigsiand bishop pine

processes by enhancing the perception that microorganisms (pinus muricatad. New Phytol.139 331-339.

as well as macroorganisms greatly influence ecosystem pracrebs, C.J. 1989. Ecological methodology. Harper Collins -Pub

cesses and change. This more inclusive view will strengthen lishers, New York.

decisions in ecosystem management, as managers will beiller, S.L. 1995. Functional diversity in fungi. Can. J. Bot.

obliged to incorporate the influence of biotic interactions on 73(Suppl.): S50-S57.

an ecosystem’s response to human manipulation. Perry, D.A., Molina, R., and Amaranthus, M.P. 1987. Mycorrhizae,
mycorrhizospheres, and reforestation: current knowledge and re
search needs. Can. J. For. R&g. 929-940.

Perry, D.A., Amaranthus, M.P., Borchers, J.G., Borchers, S.L., and
This work was supported by a United States Department Brainerd, R.E. 1989. Bootstrapping in ecosystems. BioScience,

of Education Graduate Assistance in Areas of National Need 39 230-237.

fellowship to K. Byrd, by a National Science Foundation Perry, D.A., Borchers, J.G., Borchers, S.L., and Amaranthus, M.P.

grant (DEB/RUI 9420141) to K. Cullings and T. Parker, and 1990. Species migrations and ecosystem stability during climate

by a National Aeronautics and Space Administration — Di _ change: the belowground connection. Conserv. Biok66-273.

rector's Discretionary Fund grant to K. Cullings. Acknew! Pletlka!nen', J., qnd Fritze, H. 1995. C.Iear-cuttlng and pregcrlbed

edgements go to Dr. Henry Shovic, U.S. Forest Service, and Purning in coniferous forest: comparison of effects on soil-fun

Ann Rodman, Yellowstone National Park, for advice on soil 92! and total microbial biomass, respiration activity and nirif

sampling; Sarah Rothschiller, Montana State University, for, Cat'oné ngg?o:é B'OChemer' 1|0f1_10?' o i iack o

assistance with field work; Dr. Edward Connor, San Fran ' ooch = - Ectomycorrhizal fungal succession in jack pine
; . . . . . \am Stands following wildfire. New Phytol129 389-401.

CISCO State University, _for assistance W'th _data analys_ls-, W”Wicklow, D.T. 1988. Parallels in the development of post-fire-fun

I'E.lm Stoll, San .FranC'SCO .State Un'.verS'ty’ .for a;ss_tance gal and herb communities. Proc. R. Soc. Edinb. Sect. B Biol.

with data collection, analysis, and fruit body identifications; g g4 g7_95.

and J.R. Blair and Dr. Dennis Desjardin, San Francisco Stat@ickiow, D.T., and Hirchfield, B.J. 1979. Competitive hierarchy in

Un|VerS|ty, fOI’ fl’ult bOdy |dent|ﬁcat|0ns post_ﬁre ascomycetes_ Mycolog|al 47-53.

rams, M.D., and Dickmann, D.l. 1982. Early revegetation of
clear-cut and burned jack pine sites in northern lower Michigan.
Can. J. Bot.60: 946-954.

Acknowledgements

© 2000 NRC Canada



