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logical characteristics of ectomycorrhizae ( ECM )

Effects of Canopy Cover on Morphological Types
of Ectomycorrhizae of Northern Red Oak Seedlings
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Abstract M orphological types of ectomycorrhizae (ECM) on northern red oak ( Quercus rubra
[.) seedlings were investigated at four levels of canopy cover in approximately 90-year-old
northern red oak forests in intermediate quality sites of northern Lower Michigan. Four levels
of canopy cover (clearcut, 2% ( 50% first year), 73 , and uncut) were created by removing
various amounts of overstory trees. Northern red oak seedlings, originated from a common
seed source, were established artificially to simulate natural regeneration. The seedlings were
sampled to classify and quantify their ECM by morphological type during each of the first two
growing seasons. ECM fruiting bodies were also collected, identified and analyzed. Based on
ECM morphology, a total of seven ECM morpho-types was recognized on the northern red oak
seedlings during the first two growing seasons. More than 9% of the ECM were from four of
the seven types. None of the ECM types were identified into definite fungal associates. Howev—
er, attempt has been made to relate these ECM types to the most likely fungal species or
species groups based on references to published descriptions and/ or photographies. A greater
percentage of type III (shiny white) ECM was found in the closed canopy plots where soil
moisture is the lowest among canopy treatments. This incident indicated that type 11 ECM
may tolerate low levels of soil moisture by their abundant extramatrical hyphae and /or rhi-
zomorphs. The percentage of type I ( Cenococcum Hike) ECM was greatest in clearcuts, sug—
gesting that it may be resistant to high soil temperatures after canopy removal (soil tem pera—
ture in clearcut was 5C higher than that in uncut stands). These shift in ECM types reflects
the complexity and importance of ECM diversity in response to different levels of canopy cover.
From ecological perspective, ECM morphology may be more meaningful than ECM fungal
species.

Key words ectomycorthizae, ECM morpho-type, northern red oak, canopy cover, Quercus
rubra
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rubens™', and Quercus acutissima®', and Q. robur'®'.

Although these works have provided large
amounts of valuable information in understanding
mycorrhizal relationships and their characteristics
and behaviors, the ECM characteristics in associa—
tion with various levels of canopy cover have not
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been documented. The understanding of ECM mor-
pho-types in relation to different canopy cover levels
may help to maintain mycorrhizal fungi divesity in
forest ecosystems. A number of studies have report—
ed change in mycorrhizal populations following for—
est management practices, such as harvesting, site
preparation, and burning . Changes in morpho-
logical types of ECM of Pinus resmosa seedhngs
have been observed by Richter and Bruhn'"' for more
than three years time period. The author found the
ECM types tend to shlft from nursary types to late
stage type. Wu et al"! also reported that a negative
correlation exists between browntype ECM per
gram dry root and field age of P. resinosa seedlings.
Zhou et al"’. reported that a complete removal of
canopy inhibited overall ECM development of
Quercus rubra seedlings, while partial removal of
the canopies stimulated such development.

Marx'"”! indicated that difficulty in oak regener—
ation may be due to the poor development of certain
morphological type of ECM or ECM as a whole be-
sides the differences in light conditions. However,
ECM development islftrongly related to the environ—

. Thus. the objectives of this
study were to determine recognizable ECM morpho-
logical types on norhtern red oak seedlings and their
variabilities in association with different levels of
canopy cover in oak forests.

1 Methods

1. 1 Location of the Study Area

The study area is located in the Graying Sub-
district of the Highplains District of Ecological Re-
gion Ilin northern Lower Michigan (longltude 84
41 1o 8445 W, latitude 4414 10 4431 N)™'. A

greater detailed description is available in Zhou et
[11]
al” .

S e
mental conditions

Two adjacent northern red oak stands in south—
west Crawford County (T25N, R4W, Sections 26
and 35) were used as study sites. Limited stand size
and previous disturbance precluded the use of a sin—
gle oak stand. These stands are owned and managed
by the Michigan Department of Natural Resources
The stands occur on pitted outwash and fall into
Site Unit 5 (Oak-Pine-Vaccinum) of the Ecological
Classification of the State Upland Forests in north—
ern Lower Michigan"®". Soils were sandy.

Three blocks were identified from these two 90—
year-old northern red oak stands. Two of the oak
blocks were in the more downslope (northern) of
the two adjacent oak stands while the third block
was in the more upslope (southern) stand. Percent
slope averaged 30 , 20 , and 6% for block I, II, and
ITI, respectively.

Each block consisted of four randomly-assigned
overstory treatments (66 m< 66 m in size) manipu—
lated to create @ canopy cover (clearcut), 230
canopy cover (50 first year), 7% canopy cover,
and 100% canopy cover (uncut). The actual percent
canopy cover varied in each overstory treatment af-
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ter the manipulation, i.e., O , 280~ 2% , (4%

~ 6P first year), 6Po~ THo and 73~ 936 for
the four treatments, respectively. Sampling of each
overstory treatment plot was confined to the central
30 mX 30m, with an 18 m wide buffer zone to re—
duce edge effects.

All treatments were initiated in late summer~
early fall of 1990. Varying amounts of canopy were
removed by thinning from below. Stems with diam-
eter at breast height (DBH) 2 54 c¢m or larger were
considered as overstory trees. Large logging
residues in the experimental plots were removed, by
hands or logging machine, beyond the sampling
area. A spherical densiometer was used to measure
canopy coverin order to obtain comparable oversto—
ry treatments
1.2 Sampling Scheme

All acorns were from the vicinity of the Univer—
sity of Michigan Biological Station, approximately
125 km north of the experimental sites. Acorns
were planted in May 1991, on a 15 ¢cm< 15 em spac—
ing at three randomly located points representing
theintersection of a 2 m< 2 m grid in each plot. A
total of six seedlings was sampled from each subplot
during the first growing season and 12 seedlings
during the second growing season. One set of sam—
ples (two seedling per plot) was randomly collected
and evaluated across all treatments before another
set of samples was taken. Sampling began in early
July the first year and late May the second year,
and ended in late September in both years. A soil
column (minimum of 12 em in diameter by 15 ¢m in
depth) containing a seedling was excavated to obtain
nearly a complete root system and to prevent root
damage and desiccation during transport.- The soil
columns with seedlings were stored in a walk-in
cooler (3C~ 5C) immediately after they were
brought back to the laboratory.

Soil moisture at 0 cm~ 15 ecm depth and soil
temperature at 0 cm~ 7 5 cm depth were recorded
approx imately biw eekly
1.3 ECM Characterization and Quantification

The root systems were washed gently to re—
move soil particles and to minimize damage to myc—
Number of short roots by ECM
morpho-type were quantified by examining all root
tips under a dissecting microscope ( 10< ~ 40X )
during the first year, and on three randomly-select-
ed lateral roots (0.5 mm or larger in diameter) of
each seedling the second year. Each ECM root tip
was counted to account for differences between sin—
gle and multiple branched ECM. Percent ECM by
morpho-ty pe were calculated.

Root tips were sectioned and observed under a
compound microscope to confirm the presence or ab—
sence of a fungal mantle at 200< ~ 400X  magnifi-
cation, and to observe Hartig—net and hyphal struc-
ture at 400< ~ 1 000X magnification. The criteria
used in this study to separate morpho-ypes were
based mainly on morphological features including
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color, shape, branching patterns, size and surface
texture, and hyphal features 1nclud1ng septate,
clamp-connection, color and diameter'®' *"!
1. 4 Fruiting Body Survey

All mushrooms (except for those growing on
litter, dead wood, oron any living tree) in the exper—
imental area were collected every two to three weeks
from late July to the end of September each year,
and tallied with respect to canopy cover treatment.
This method may be have excluded some ECM fungi
which grow on litter or dead woods ' Abundance
was estimated for each genus or fungal species. I-
dentification of fruiting bodies was based mainly on
references [ 23~ 26]. Identification of collected
specimens was corroborated by Dana L. Richter
(Michigan Technological University, USA).
1. 5 Statistical Ananlysis

One-way analyses of Varlance (ANOV A) algo-
rithms by SAS (Version 6) [#7) Wwere used to deter—
mine if percent ECM morpho—ypes differed among
canopy cover treatments. The data were the aver—
ages of two years since they showed a very similar
pattern across the canopy cover treatments both
years. Tukey s test was used for multiple compar—
isons, which is more conservative than Duncan s or
Fisher s Least Significant Difference procedure
Unless indicated otherwise, a= 0. 05 level.

2 Results and Discussion
21 ECM Morpho-Types

A total of seven morpho-types of ectomycor—
thizae were classified from northern red oak
seedlings under two years of age based on field ob—

servations with the aid of dissecting and compound
microscopes. Detailed descriptions of each type are
givenin Table 1. Types I, II, Il and IV were the
major ECM morpho-ypes encountered, and ac-—
counting for 9% of the total ECM short roots,
while the sum of types V, VI and VII did not ex—
ceed six percent.

Although the color of hyphae and mycorrhizal
mantle is frequently stable’”, it may change at dif-
ferent developm enta] stages #2901 and substrate pH
value ', Oh et al”’ classified ECM from Quercus
acutissima seedlings into seven types in order to de—
termine which ECM types provide a greater effect
upon the seedling dry mass. Newton'" separated
ECM of Q. robur L. into a number of types based on
gross morphological characteristics and microscopic
characteristics in an attempt to determine factors
which influence the variation in the extent of colo-
nization of mycorrhizal types (orfungal species) ina
forested sites and the Qonsequences for seedling
growth. Majumdar et al™! classified mycorrthizae of
Q. rubra and Q. alba into two types pinnate and
beaded types. Therefore, it is clear, based on the
above reviews, that the criteria and techniques used
by different researchers to sepa rate ECM into mor—
pho—types make them difficult to compare and to
link to definite fungal associates.

In my study, criteria for separation of morpho—
types were similar to those of New ton ], except
that mantle structure was not described. The link—
age between the morpho-types and fungal associates
cannot

Table 1 Macro-and micro- characteristics of ectomycorrhizal (ECM) morphological types on nothern red oak seedlings ( under

2 years of age) in northern Lower Michigan

Type Characteristics
ECM Typel  Mycorthizae are short and often club-shaped They are single, but may occasionally produce one or more branches. The mycor—
(black) thizal tip is 0. 24 mm™~ 0. 34 mm in diameter and 0. 44 mm™~ 1. 00 mm in leng th- The mycorrhizae are black in apparence. Coarse,
black hyphae are frequently observed radiating from the mantle surface. The hyphal diameteris 4 0¥~ 5. 5. No clamp connec—
tions were observed. The mantleis 25/~ 38! in thickness and Hartignet 6*~ 10/ in depth.
ECM Typell Mycorthizaeare usually single with a very smooth surface. The mycorrhizal tip is 0. 20 mm~ 0. 35 mm in diameter and 1. 20 mm

(dull white) ~ 2 50 mm inlength. The mycorrhizae are dull white or slightly brownish white. Thehyphaeare 3%~ 4 in diameter and hya—
line. Clamp connections were occasionally observed, suggesting a member of Basidiomycetes. The mantleis 21#~ 45! in thick-

ness and Hartig-net 24/~ 28/ in depth.

ECM Typelll Mycorthizae are usually irregularly pinnate, dichotomous-like. The mycorrhizal tip is 0.2 mnr~ 0. 3 mm in diameter and 1. 1 mm

(shiny white) ~ 1. 2mm inlength. The mycorthizae are shiny, silvery white. The hyphae is 2. 0~ 2. 5!* diameter and hyaline. No clamp con—
nections were observed. The usually produce abundant interconnected filaments and thizomorphs arund the short wots. The
mantle is 30%~ 45! in thickess and Hartig-net 6/~ 8! in depth.

ECM TypelV Mycorthizae are usually single, but sometimes they are dichotomous.
P 1. 0 mnr 3.2 mminlength. The mycorrhizae are brown or dark brown in color. The hyphae are usually dark with highlyfre—
quent clamp connections. Thehyphaeare 3%~ 4/ in diameter. The mantleis 24~ 30 in thickness and Hartig—net 42+~ 48

(brown)

t in depth.
ECM TypeV

The mycorrhizal tipis 0. 3 mm~ 0. 5mm in diameter and

Myco rthizae are usually monopodial-pinnate, but sometimes may be single. The mycorrhizal tip is 0. 20 mnr~ 0. 25 mm in diame—

(dark brown) ter and 0.80 mn~ 1.00 mm inlength- The mycorrhizae are dark brown or neardy black, with shiny patches often obser ed on

the mantle surface- The hyphae are thick and somewhat woolly-
~ 421 in thickness and Hartigmet S0~ 53¢t in depth-

Clam p connections were rarely observed- The mantle is 361

ECM TypeVl Mycorthizae are usually single. but sometime may produce one or two branches. The mycorthizae are bright yellow- Thebright

(yellow)

yellow rhizomorphs growing off in flat angles are usually present.

ECM TypeVl Mycorthizae areusually coralloid, but sometime may appear as single tips. The mycorthizal tip is 0. 25 mnr~ 0. 30 mm in diameter

(blue)

and 0. 80 mnr~ 2.20 mm in length. The mycorthizae are blue or purplish blue with cottony blue hyphae, and somew hat shiny sur—

face. Thehyphaeare highly variable in diameter ranging from 2# to 5. Clamp connections are occasionally obsew ed. The small-

er hyphae often fuse together and were frequently septate.

The mantle is very loose and approximately 184~ 26/t in thickn ess

and the Hartigmet is poorly developed Thevanable cottony hyphae could have been a mix ture of two or more fungi.

o AE 1999% 5 % 6K % 24
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be achieved with certainty, but some degree of gen—
eralization may be applied. Cenococcum geophilum
(sensu lato) mycorrhizae have consistent features on
. 331 . [2.4.31]
a wide range of hosts such as Fagus ™, Picea ,
Pinus"** and Tilia™, which show a stable black
mantle and coarse hyphae radiating outward from
the surface. Cenowccum -ike ECM on northern red
oak seedlings were described in this study as type I
(black) ( Table 1). Table 2 indicates that
Cenowccum is a known fungal associate of northern
red 0ak™ " The type II (dull white) ECM resem—
bles the morpho-types of Amanita muscaria on Picea
abies and Pinus sylvestris, or Inocybe petiginosa on
Picea sitchensis™', or Scleroderma spp- on Pinus

. 22 .
resinosa’ . N either

Table 2 Mycorrhizal fungal associates of northern red oak
(Quercus rubra L) reported elsewhere, data from various
sources

Fungus associate Reference notes

Boletus bicolor v ay. bicolor [39]

Frit body suwey

B. griseus [39] Fruit body suwvey
B. russellii [39] Frit body suwey
Boletellus chrysenteroides [39] Fruit body surwey
Cenowccum g e philum [36]

[37] Tnoculation

[ Trappe 1962, Ph.

Clitocybe candicans D thesis], [35]' Unknown
Cortinarius rubrip es {;fsajulffman 1906 ], Unknown

Hebeloma crustuliniforme [40 Inoculation

Sphaerosporella brunnea  [47 Inoculation

Strobilom yces floccopus  [39

|
H. sp. [41] Frit body suwey
Inocybe sp. [41] Fruit body suwey
Laccaria biolor [42] Inoculation
L. laccata? [41] Frit body suwey
Lactarius argillaeifolius [43] Frit body suwey
L. cam phoratus [43] Frit body suwey
L. chrysorheus [43] Frit body suwey
L. gerardii [43] Frit body suwey
L. louisii [43] Frit body suwey
L. peckii [43] Frit body suwey
L. pseudoflexuosus [43] Frit body suwey
L. pyrogalus [43] Frit body suwey
L. volemus [43] Fruit body suwey
Leccinum rugosiceps [39] Frit body survey
Pisolithus tinctor ius [44, 45]
[40] Inoculation
Rhizopogon sp. [ Imsh em etshii 1967 |
[49]! Unknown
Russula emetica {ig?lmngton 1908, Unknown
Scleroderma areolatum [46] Frit body suwey
S. auranteum [36]
[44] Inoculation
S. cepa [46] Fruit body suwey
S. citrinum [46] Frit body suwey
S. meridionale [46] Frit body suwey
S. polyrhizum [46] Fruit body surwey
|
|

Frit body suwey

Suillus luteus [48, 49] Inoculation
Thelephora terrestris [ Insh emetshii 1967],
[49]! Unknown

Tylopilus rubrobrunneus [39] Fit body suwey

1 These references were cited in either references [35] or [49]; 2 This
fungus did not colonized Q. 7ubra in the greenhouse ( Reber 1991).
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Table 3 Abundance of fruiting bodies of putative ectomycor—
rhizal fungi observed from August to October, 1991 and 1992
in northern red oak stands in northem Lower Michigan

Name Oak Stand Name Oak Stand
Amanita brunnescens ++ ++ |LL. spp. +
A .citrina + Lactarius piperatus + +
A .muscaria v. formosa + L. spp. + + +
A . rubescens + + Russula brevipes +
A. sp + R. krombholzii +
A .virosa + + + R. spp (red) + + + +
Cantharellus ignicolor + + R. variztz + 4+ + +
Dentinum rep andum + + + Tricholoma spp + +
Hygrophorus spp. + To tal Taxa 18
Laccaria laccata + + +
+  Present, I~ 3individualsin total; + + Common, 4 6 individuals

intotak + + + Abundant, 7 15 individuals in total; + + + + Very
abundant, more than 16 individuals in total-

Amanita muscaria nor Inocybe petiginosa have been
reported to be fungal associates of northern red oak,
although some members of these two genera may
associate with other oak species[38] In this study,
Amanita spp. friting bodies were observed in the
northern red oak stands ( Table 3).

The type III ECM (shiny white) resembles the
morpho—types of Leccinum sp., Lactarius sp.,
Tricholoma spp. and Cortinarius spp. on one or
more of following genera, Betula, Quercus, Picea ,

o 1,34] . L
and Pinus Among these fungi, Cortinarius
rubripes, Leccinum rugosiceps and Lactarius spp.
have been reported to be fungal associate of north—
ern red oak (Table 2), although all of them may as—
sociate with other oak species™. 1In this study,
fruiting bodies of Lactarius spp. and Tricholoma
spp. were found in the northern red oak stands
(Table 3).

The type VI (yellow) ECM resembles the ECM
of Piloderma croceum on Picea species described by
Mikold . However, the latter was not found on
deciduous trees in central Finland"''. The other
ECM types listed in Table 1 cannot be linked to pos—
sible mycorrhizal fungal species based on my field
observation alone. More data on mantle, Hartig net
and fungal structures are needed to link them to
more definite fungal associates.

Previous studies have indicated that differences
in the type of ramification, shape dimmensions,
shape and orientation of cortical cells and depth of
Hartigmet exist on different host species with the
same fungal isolate According to the authors,
the morphology and anatomy of mycorrhizae vary a—
mong developmental stages, more specifically, with
respect to length, diameter, color, occurence of in—
tracellular hyphae, and deposition of phenolic sub—
stances. Oh et al™ indicated that Pisolithus
tinctorius can form coralloid type or linear type ECM
on the same oak species. Marx " reported that P.
tinctorius can form simple, coralloid or multiple
coralloid types on Pinus taeda. Cenococcum
geophilum can form several different morphological
features on Tilia ameriaana™ and Picea rubens™ R
depending on its developmental stage. This ECM
type, which is white during the early stages of de—
velopment, turns brown in the mature stage and
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Table 4 Percent morphological type of ectomycorrhizae ( ECM) on northern red oak seedlings and total number of fruiting bod-
ies (FB) of potential ECM fungi during the first two growing seasons after canopy manipulations of oak stands

Canopy cover

Percent morphological type of ECM (% )

%) - - - - - - - FB (no.)""
Typel Typell Typelll  TypelV — TypeV Type VI Type VI
0 ( Clearcut) 35. 34 16. 4a 7.7b 38. 9a 1. 9ab 0. Ob 0. 0b 0
25 17. 5p 17. 92 14. 3ap 47. 0a 3. 1a 0. lab 0. 4ab 51
75 19. 8b 13.6a  12.0ab 48. 3a 4.9a 0. 2ab 1. 4a 62
100 ( Uncut) 23. 3ab 17. 54 17. 64 38. 5a 0. 8p 0. 7a 0. 5ab 47
s -

analyze statistically.

black in the senescent stage- This ECM tsg}ne could
also be a species complex or different taxa™'. In ad-
dition, M ajumdar et al” indicated that beaded myc—
orrhizae on Q. rubra and Q. alba were associated
with highly acidic stress soils.

Based on the above findings, it may be conclud-
ed that ECM morpho-types are not only host and /or
developmental-stage dependent, but also reflect en—
vironmental conditions. Itis a problem, therefore,
to link ECM morpho-types to specific ECM fungi
without complete hyphal structure, comparison of
isolates from fruit bodies and mycorrhizae, and ge-
netic information. From an ecological view point, it
is important to have designated ECM morpho-types
of a host to reflect mycorrhizal conditions within a
defined environment. However, caution must be ex—
ercized to generalize in a broader way that a specific
fungal species related to a certain ECM morpho-
type- Nevertheless, when an accurate fungal species
of a mycorrhizal root tip is needed, DN A sequence
analysis will offer considerable promise in this re-
gard (R Fogel, University of Michigan, personal
communication).

2.2 Percentage of ECM Morpho-Type

Table 4 shows ECM morpho-types in response
to the canopy cover treatments. The type I (black)
ECM was significantly greater in the clearcut than
in the 730 canopy cover treatment. ECM Type VII
showed greater colonization rates in the intermediate
canopy cover treatments.

The more abundant type I ( Cenococcum Hike)
ECM in clearcuts than in other canopy cover treat—
ments has been reported elsewhere to tolerate
drought conditions”™ ' However, in my study soil
moisture levels and soil temperature in the clearcut
treatment were the greatest among the canopy cover
treatments . Therefore, in northern Lower Michi—
gan, a tolerance of Cenowccum Hdike ECM to high
soil temperatures may be more important in estab-
lishment of northern red oak seedlings than toler—
ance to reduced moisture.

In contrast, the increase in percentage of type
III ECM with increasing canopy cover may be relat—
ed to its tolerance of low soil moisture levels since
soil moisture was declining with increasing canopy
cover. Although type III ECM may be formed by
various fungi, as discussed earlier, they all exhibit
abundant extramatrical hyphae and thizmnmorphs
with which to extract more water from lower soil
profiles and surrounding organic materials. It seems
likely that the same ECM morpho-type formed by

o AE 1999% 5 % 6K % 24

The same letter shared by canopy levels indicates no significant differences at the o level;

The data are not enough to

different fungal species would have similar ecologi-—
cal functions in forest ecosystems under investiga—
tion here. These morpho-types have ecological sig—
nificance because of certain common attributes that
relate to their ability to tolerate certain environmen—
tal conditions and/or sequester resources.

The type VI ( Piloderma -ike) ECM was not
observed in the clearcut treatments in either year
and tended to increase in number with increasing
canopy cover (Table 4). This finding supports the
result of Mikola"™" on Picea . This ECM type pro-
duces a large mycelial network in the soil humus
( personal observation), suggesting that a small
number of ECM short roots in this particular case
may be important to ecosystem structure and func—

Some ECM morpho-types were apparently in—
hibited by varying degrees of canopy removal, while
others were stimulated. These results suggest that
the composition of ECM types can be modified by
overstory manipulations. Shifts in ECM type abun-
dance in response to changes in environmental fac—
tors associated with disturbance have been reported
elsewhere " ™', Such shift of ECM types may be
important in maintaining mycorrhizal fungi diversi-
ty, thereby contributing to the“ buffering capacity”’
of the forest ecosystem[ More specifically, differ—
ent ECM fungi may benefit the host plants in differ—
ent ways, e. g., some increase water and nutrient
uptake, others resist to environmental stresses at
certain times during plant developm ent.

2.3 ECM Fungal Sporocarps

A total of 8 genera of potential ECM fungal
fruiting bodies were collected in the experimental
No
fruiting bodies were observed in clearcuts and there
was slightly more sporocarp production in the 75
canopy cover treatments than in the lower and high-
er canopy cover treatments ( Table 4).

Fruiting bodies of Laccaria, Lactarius, and
Russula found in my study (Table 3) corroborated
previous reports that they are fungal associates of
northern red oak ( Table 2 ). Amanita,
Cantharellus, and Tricholoma are not known to as—
sociate with northern red oak, but have been report-

plots over two growing seasons ( Table 3).

ed to associate with other oak speciesm] The other
fungal  sporocarps, i.e.,  Dentimum  and
Hygrophorus , collected from my study sites

( Table 3) may or may not be mycorrhizal fungi
and /or mycorrhizal fungi associated with northern
red oak.
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The absence of ECM fruiting bodies in the
clearcut treatments supports that many ECM fungi
never fruit soon after clearcutting in areas where
This effect may be

explained by a lack of food for sporocarp production
by ECM fungile]-

3  Conclusions

they were previously found"*".

My dataindicated that even if the fungal associ—
ates are different, their common morphology, such
as abundant extramatrical hyphae and rhizomorphs,
may have similar ecological functions in the forest e-
cosystems. The canopy cover treatments have modi-
fied ECM +ype composition on northern red oak
seedlings. This modification may suggest that eco-
logical specific be more important than host prefer—
ence in mycorrhizal associations. Such shifts in
ECM types also reflect the complexity and impor—
tance of mycorrhizal diversity in response to canopy
cover levels.
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