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Abstract 

The ectomycorrhizal fungi Gautieria monticola and Hysterangium setchellii both form dense hyphal mats 
in coniferous forest soils of the Pacific Northwest. We recently observed that all Douglas-fir seedlings 
found under the canopy of a maturing 60-75 year stand were associated with mats formed by 
ectomycorrhizal fungi. The significance of these mat communities in relation to seedling establishment 
and survival is discussed. 

Introduction 

A number of ectomycorrhizal fungi form mat- 
like structures in the upper soil profile (Cromack 
et al., 1979; Fisher, 1972; Hintikka and Naykki, 
1967). These hyphal mats are long-lived struc- 
tures of the below-ground ecosystem and may 
influence site productivity. In the Pacific North- 
west, two distinct mat-forming ectomycorrhizal 
fungi commonly occur in Douglas fir (Pseudo- 
tsuga menziesii (Mirb.) Franco) forests; Hy- 
sterangium setchellii Fischer and Gautieria mon- 
ticola Harkness (Hunt and Trappe, 1987). These 
mats are easily recognized with the unaided eye, 
can colonize up to 28.4% of the forest floor 
surface and 16.7% of the upper 10cm of soil 
(Cromack et al., 1979). The genus Hysterangium 
sensu lato (50 species worldwide) is widely dis- 
tributed with many species restricted in their 
ectomycorrhizal host association (CasteUano, 
1988). Many of these host-restricted Hysteran- 
gium species form similar mat-like structures 
(Table 1). 

During our studies of Hysterangium setchellii 
and Gautieria monticola mats in Douglas-fir for- 
ests in western Oregon, we observed that 
Douglas-fir regeneration beneath the closed 
canopy occurred only within soils colonized by 
mat-forming fungi. Results from a survey to 
qualify this phenomenon are reported. 

Methods and materials 

Surveys of  mat-seedling associations 

A survey for Douglas-fir seedlings was conducted 
in a 60-75 year-old second growth, site class 2, 
Douglas-fir stand at approximately 460 m eleva- 
tion with a gravelly loam soil derived from a 
colluvium of weathered basalt and sandstone. 
The site is located 30 km southwest of Corvallis, 
Oregon and has been extensively studied and is 
described in detail by Fogel (1976) and Cromack 
et al. (1979). Twenty random belt transects 
(Mueller-Dombois and Ellenberg, 1974) 25 m 
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Table I. Hysterangium species that from mat-like structures 
in soil (taken from Castellano, 1988) 

Hysterangium 
Species Hosts Distribution 

(60:40), and photographed with an Amray 2000 
scanning electron microscope on P/N 55 Polaroid 
film. 

afjine Eucalyptus 
aggregatum Eucalyptus 
gardneri Eucalyptus 
inflatum Eucalyptus 

album Quercur 
asperalatum Fagus 

calcareum Fagus, Betula 

cistophilum 

nephriticum 

Tasmania 
Queensland 
Tasmania, California 
Tasmania, California, 

France 
New York 
North Carolina, 

Tennessee, Maine 
Germany, Italy, 

Quercus, Carpinus, 
Cistus 

Fagus, Quercus 

th waitesii Fagus, Quercus 
americanum Tsuga 
setchelii Pseudotsuga 
coriaceum Pseudotsuga 
crassirhachis Pseudotsuga 

France, Italy, 
Czechoslovakia 

England, Hungary, 
Germany 

England 
New York 
Oregon, California 
Oregon 
Oregon 

long and 2 m wide were made to cover 0.1 ha. 
The species of mycorrhizal fungi forming mats in 
which the seedlings were located were identified 
by microscopic analysis of the sporocarps found 
fruiting within the mats. 

Results 

Description of mats 

Hysterangium setchellii 
Ectomycorrhizae were eggshell white with occa- 
sional reddish brown stains on the mantle surface 
(Fig. 1). The mantle surface was coarsely tex- 
tured, extremely tomentose with abundant multi- 
branched, white, stout rhizomorphs emanating 
from the surface (Fig. 1). Ectomycorrhyzal root 
tips were prolifically branched in a pinnate, 
sometimes elongated, pattern with length usually 
exceeding 7 mm and a diameter of up to 1 mm. 
Hysterangium setchellii forms a profuse network 
of fungal material, both hyphal and rhizomor- 
phic, throughout the nearby soil substrate. The 
fungal material is easily seen interconnecting var- 
ious ectomycorrhizae and extensively exploring 
the soil. Colonized soil can become wet sea- 
sonally. 

In a second survey, all Douglas-fir seedlings 
found growing beneath the canopy of a 60-75 
yr-old second growth stand (ca. 0.4 hectare) were 
examined for their occurrence within hyphal 
mats. 

Gautieria monticola 
Ectomycorrhizal roots were bright white to 
grayish white underlain by a brown base (Fig. 2). 
Ectomycorrhizae were elongate to simply pin- 

Specimen preparation for microscopy 

Seedlings associated with Hysterangium setchellii 
and Gautieria monticola mats were prepared for 
stereomicroscopic examination by soaking roots 
in water for 2 hours and gently agitating them to 
remove most of the soil. A two-year-old 
Douglas-fir seedling growing within a well- 
developed Hysterangium setchellii mat was use to 
demonstrate the connection between the seed- 
ling and mat fungal hyphae using scanning elec- 
tron microscopy. The washed seedling roots 
were prepared by critical-point drying and moun- 
ted onto a peg with double-sided sticky tape. 
Mycorrhizal root material was then coated with 
approximately 10 nm of gold-palladium alloy 

Fig. 1. Photograph of Hysterangium setchellii mat rhizo- 
morphs colonizing Douglas-fir roots. 
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Fig. 2. Photograph of Douglas-fir roots colonized by 
Gautieria monticola. 

nate, with length exceeding 7 mm and a diameter 
up to 1 mm. The mantle surface was woolly 
tomentose without rhizomorphs, but with some 
mycelial strands. Gautieria monticola also forms 
a profuse network of fungal material throughout 
the soil substrate. Colonized soil is hydrophobic 
nearly year round. 

Seedlings associated with mats 

In our initial seedling survey, we found 4 
Douglas-fir and 47 western hemlock seedlings 
within a sample area. Of the Douglas-fir seed- 
lings, two were found in Gautieria monticola 
mats and two were in Hysterangium setchellii 
mats (Fig. 3). Of the 47 western hemlock seed- 
lings found, 4 were in Gautieria monticola mats, 
4 were in Hysterangium setchellii mats, and the 
remaining seedlings were associated with buried 
wood in advanced decay. 

In addition to the random belt transect obser- 
vations, we also recorded the relationship be- 
tween Douglas-fir seedlings and mat com- 
munities within a contiguous area of approxi- 
mately 0.4 ha. Within this additional 0.4 ha sam- 
ple, we found that all 45 Douglas-fir seedlings 
were associated with Gautieria monticola or Hy- 
sterangium setchellii mats with none found in 
rotten wood. We observed the same phenom- 
enon in Douglas-fir seedlings in younger stands 

Fig. 3. Douglas-fir seedlings associated with a Hysterangium 
setchellii mat. The seedling is shown growing within soil 
extensively colonized by H. setchellii rhizomorphs. 

(40-50 years) located at the H.J. Andrews Ex- 
perimental Forest in the Cascade Mountains. At 
the same general location, one-to two-year-old 
seedlings were found growing in the deep shade 
of Syear-old Douglas-fir trees naturally regen- 
crated within a shelterwood. These seedlings 
were also located within Hysterangium mats. 

A scanning electron micrograph of a Douglas- 
fir seedling removed from a Hysterangium setch- 
eflii mat clearly shows the colonization of the 
seedling roots by this mat-forming fungus (Fig. 
4). 

Discussion 

Because less than 28% of the Douglas-fir forest 
floor surface is colonized by mat communities 
(Cromack et al., 1979), we would expect no 
more than approximately 28% of the surveyed 
seedlings would be found within these mat com- 
munities. In younger Douglas-fir forests in the 
Cascade Mountains where the incidence of mats 
is even lower, we discovered that all seedings 
were within mats. These observations strongly 
suggest that mat communities can act as nursery 
sites for conifer seedling establishment. 
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Fig. 4. Scanning electron micrograph of seedling root surface 
showing interaction with Hysterungium sechellii hyphae at a 
magnification of 40 X 

Within these mats, Douglas-fir seedlings are 
physically linked to mature host trees via a seed- 
ling-ectomycorrizal-mat-root connection (Figs. 4 
and 5). Although a physical, but not physiologi- 
cal connection between the roots of the over- 
story Douglas fir and the seedlings was estab- 
lished, the fact that both of these root systems 
were within the same mat strongly suggests that 
they are physiologically linked as well. Further 
work to confirm a physiological link is needed. 

Cromack et al. (1988) found fungal mats of 
Hysterangium setchellii to have a significantly 
greater microbial biomass and also greater num- 
ber of microarthropods than adjacent non-mat 
soil. These mats also had higher concentrations 
of soil carbon and soil nitrogen, higher respira- 
tion and higher levels of several enzymes than 
non-mat soil. 

We want to emphasize that the non-mat soil is 
thoroughly colonized by plant roots and their 
associated microorganisms and will have a wide 
diversity of ectomycorrhizal fungi from one sam- 
ple to another. The mat soil is characterized by a 
single strikingly dominant ectomycorrhizal fun- 
gus, i.e. Hysterangium setchellii and to a lesser 
degree Gautieria monticola, to the apparent ex- 
clusion of other ectomycorrhizal fungi. 

There are several basic mechanisms that may 
allow these mats to act as nurseries for seedlings: 
(1) by providing a greater opportunity to quickly 
form ectomycorrhiza with an established mycor- 
rhizal fungus network; (2) by providing the seed- 
ling with carbohydrates under stressful light- 
limiting conditions; and by (3) suppressing 
pathogen infection of the seedling. Of these 
alternatives, the one that seems most important 
is the role of these mats in transferring energy 
and possibly water and nutrients from the over- 
story tree to the seedlings. Since Douglas fir is 
relatively intolerant of shade (Isaac, 1943), it is 
likely that energy for seedling establishment 
must come, in large part, from an overstory tree 
in the form of carbohydrates. Considering the 
extent of fungal biomass, it is unlikely that a 

Fig. 5. Schematic drawing of connection between seedling and overstory tree via the mat. 



seed l ing  could  suppo r t  the  mass  of  ex t e rna l  hy- 

phae  with  which it is assoc ia ted .  B a s e d  on bo th  
e x p e r i m e n t a l  ev idence  and  p rev ious  field obser -  
va t ions  ( C h i p p i n d a l e ,  1932; H u t c h i n s o n ,  1967; 
M o h m o u d  and  G r i m e ,  1974; Sa l i sbury ,  1930), 
R e a d  and  coworke r s  (1985) sugges ted  tha t  
mycor rh i za l  fungi  m a y  act as a condu i t  for  ca rbo-  
hyd ra t e  t r ans fe r  f rom ove r s to ry  p lan t s  to those  
s h a d e d  by  these  p lants .  This  p rocess  wou ld  a l low 
a s h a d e - i n t o l e r a n t  species  to  b e c o m e  e s t ab l i shed  
unde r  cond i t ions  of  d e e p  shade .  A subsequen t  
fores t  d i s t u rbance  such as w i n d t h r o w  or  insect  
o u t b r e a k s  l ead ing  to i nc reased  ove r s to ry  mor ta l i -  
ty would  p e r m i t  such seedl ings  o p p o r t u n i t y  to 
grow. 
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