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5b. Biodiversity: Fungi 
Goals and Objectives: Manage young-growth to improve habitat for wildlife and for commercial timber 
products. Review standards and guidelines for applicability to young-growth stands.  

Maintain habitat capability sufficient to produce wildlife populations that support the use of wildlife 
resources for sport, subsistence, and recreational activities.  

Include a young-growth management program to maintain, prolong, and/or improve understory forage 
production, and to improve habitat distribution, including future old-growth timber stands for wildlife 
(e.g., deer, moose, black bear, and other species) on both suitable and unsuitable lands.  

Background: Fungi are essential components of all terrestrial ecosystems. They contribute to the 
function of healthy forest ecosystems by forming mutualistic, symbiotic associations with plants, 
decomposing organic matter, contributing to nutrient cycling, providing food for animals, and creating 
habitat diversity for many forest organisms (Castellano et al. 1999). Macro-fungi are the primary focus of 
this work. This group consists of mushrooms, sequestrate (i.e., truffles), shelf, coral, teeth, club and cup 
fungi forms (Castellano et al. 1999). Sequestrate fungi depend on animals to disperse their spores and are 
an important wildlife food (Flaherty et al. 2010). 

The following information provides a brief overview concerning terrestrial fungi and their functions in 
forested ecosystems. Species richness and diversity of fungi contribute directly to the biodiversity of a 
particular forest and can change as the overstory ages. Fungi may be useful in providing answers to Forest 
Plan biodiversity questions.  

Biodiversity Question: Are young-growth treatments improving other key 
habitat components for old-growth associated species?  

Evaluation Criteria: Assessment of understory species composition  
For the assessment of understory species composition, we asked the question, “Can terrestrial fungi be 
used to determine if key habitat components exist in young-growth treatments areas, such as old-growth 
associated species?” This question is not part of the Forest Plan monitoring program. We are using the 
question here to help look at different ways to determine what monitoring protocols can be used to 
determine key habitat components.   

Fungal inventories in both young- and old-growth forests can help determine the utility of using fungi to 
identify key old-growth species present in young-growth stands under certain soil conditions. Presently, 
species presence may be one method of determining this, but also the relative abundance (high or low) of 
a species in the area surveyed can help determine if the old-growth associated fungi are also found 
frequently in young-growth forests with the same soil conditions. Presence of a diverse fungal flora and 
their relative high abundance in young-growth forests may indicate that the fungi species important to the 
health and productivity of forests are resilient to disturbance or removal of mature trees. The data 
collected in 2013 and 2014 can also help determine if indicator fungi species can be used for evaluating 
forest and soil health under certain soil conditions.  

Sampling/Reporting Period 
• Sampling Period: 2013 and 2014 

• Reporting and Evaluation Period: every 5 years 
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Summary from 2013 Fungal Surveys 
Sporocarp (or mushroom) surveys were conducted by Stone EcoSurveys on Prince of Wales Island 
(POW) during two time periods: July and September 2013. Mycologists inventoried pre-determined sites 
to document species present and their relative abundance. They examined how the fungal community (as 
determined by sporocarp presence and abundance) differed between old-growth forests and adjacent mid-
seral (or here after referred to as young-growth) forests on the same soil types which were harvested 45-
70 years ago. Some questions explored in this work relating to the biodiversity question were: 1) Are 
different genera and species present, or is species richness differing with forest age? 2) Are fungal 
functional (trophic) groups equally represented in both of these forests types? and 3) What roles do the 
fungi present have in forest growth and health? Also considered were the roles fungi have in supporting 
wildlife. The aim was to determine which of the species or functional groups provide food or habitat, 
directly and indirectly, for animal species native to the area. Finally, the inventory provides baseline data 
to inform future studies. 

The locations visited for fungal surveys were paired units in the Deweyville, Winter Harbor and Masada 
areas that contained one old-growth and one young-growth stand on similar soils (Figure 1). In addition to 
these three areas, Luck Lake and Naukati were unpaired stands that were surveyed which had different 
vegetation, disturbance, soil or other aspects that might affect fungal communities (Figure 1). 

Are different genera and species present, or is species richness differing with forest age? 

Sporocarps of 306 species were found on the designated units in 2013; 188 species were found in July 
and 235 species in September. Species richness is greater in all the units during the fall. Combining both 
visits, old-growth forests had greater species richness (Figure 2) and greater frequency and abundance 
than young-growth forests (Hamill et al. 2014). Although the unit size varied, roughly the same amount of 
time was spent surveying each unit. 

The species encountered in this study indicate that old-growth forests on POW support a different 
community of macro-fungi than young-growth forests. This finding is also supported by research in 
British Columbia (Kranabetter et al. 2005). There are 138 species common to both mid-seral and old-
growth forests in the POW study area. However, 92 species were unique to old-growth forests, while only 
44 species were unique to young-growth forests (Hamill et al. 2014). 

The young-growth forests surveyed on POW are Tsuga heterophylla-Picea sitchensis dominated, closed 
canopy forests regenerating after logging between 45-70 years ago. The dense overstory allows little solar 
radiation from reaching the forest floor, therefore understory species are sparse. Terrestrial mosses 
occupy most of the forest floor. The overstory trees seem to be in the self- thin stage, resulting in standing 
poles and much woody debris piled above the forest floor. This is similar to the stand dynamics described 
by Alaback (1982) as the result of canopy clearing disturbance in southeast Alaska. Tree mortality tends 
to be in the form of standing dead wood, contributing little towards structural diversity and providing only 
a slow input of nutrients to the forest floor (Hennon and McClellan 2003). This is the stage in which the 
young-growth forests lie in the study units. 

With a dense, single- age overstory and few large logs or shrubs, the diversity of substrates in young-
growth forests equate to low fungal diversity, compared to old-growth. In addition, old slash from 
thinning in the form of whole young trees lies elevated off the forest floor so that boles are not in contact 
with the soil, causing the woody debris to lose moisture rapidly. 
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Biodiversity Figure 1.Map of units where fungi surveys were conducted on Prince of Wales Island. Staney Creek 
was added in 2014, replacing the Deweyville site. 
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Biodiversity Figure 2. Display of species richness within the units sampled on Prince of Wales Island for fungal 
sporocarps. Mid-seral is young-growth. Old-growth units contain greater species richness of fungi due to diversity of 
microhabitats available (from Hamill et al. 2014). 

As the forest grows beyond 100 years, gaps in the forest canopy open through the action of fungi and 
wind, allowing patches of shrub and forb communities to develop. Epiphytic lichens become more 
frequent in the canopy and are noticed as litterfall, which contribute in nutrient cycling (Pike et al. 1975, 
1977). The number of large logs on the forest floor also increases markedly during this phase and serve as 
additional moisture sink, adding structure and substrate. Natural stand replacement relies on gradual 
fungal decay and windthrow as the principle agents of change to canopy structure over time (Alaback 
1982, Hennon and McClellan 2003).This climax stage describes the old-growth forests in the study area. 
In the old-growth forest sites, the larger trees in the upper canopy, the more developed sub-canopy layers, 
the large logs on the forest floor and some shrub layer all provide a diversity of habitat for fungal 
communities to diversify compared to what is available for them in young-growth forests.  

Are fungal functional (trophic) groups equally represented in old and young-growth forests? 

The macro-fungi found in the units include the following functional groups: ectomycorrhizal fungi, litter 
decayers, wood decayers, pathogens, fungal parasites, insect parasites, dung decomposers and feather 
decomposers (Figure 3). Across all units there was roughly equal representation of ectomycorrhizal 
species and nutrient cycling fungi (saprotrophs and wood decay fungi combined). Other species were 
represented on all units but made up less than 10 percent of the species found. This group included 
pathogens, fungal parasites, insect parasites, dung decomposers, one bone decomposer and one arbuscular 
mycorrhizal species. This pattern of functional group representation was similar for each unit except for 
the Winter Harbor young-growth unit, which had proportionately more ectomycorrhizal species (55 
percent in the young-growth to 47 percent in the old-growth of Winter Harbor). Conversely, Luck Lake 
alder and spruce forest had proportionately more wood decaying fungi than other units (17 percent versus 
less than 15 percent in the rest of the units) (Hamill et al. 2014). 
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Biodiversity Figure 3. Numbers of species in functional groups in paired old-growth and young-growth units (from 
Hamill et al. 2014). 

Only three species of sequestrate fungi (truffles) were found on POW. Elaphomyces grannulatus was 
frequently encountered. Macowanites americanus and Glomus fragile were uncommon and restricted to 
old-growth forests. 
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Luck Lake contained a higher proportion of saprobes to ectomycorrhizal species than the other units. This 
unit has less developed soil layers and small, less abundant coarse woody debris than other units. This 
could magnify the effect of protracted dry weather that occurred in the summer of 2013 on the fungi 
habitats. Additionally, slumping has created discontinuity of substrate, possibly limiting 
dispersal/colonization by hyphae or spores of ectomycorrhizal species. Substrate diversity for saprobes is 
greater here than in the other units because Alnus rubra occurs on the numerous slumps mixed among the 
conifer patches. Alnus has a relatively small group of associated ectomycorrhizal species. It does, 
however, provide a unique substrate for saprotrophs to colonize, some of which are substrate specific to 
hardwoods. On all other units of both ages, ectomycorrhizal fungi were the dominant functional group, 
averaging well over 40 percent of the species recorded in the units. 

Roads near and within the units often produced sporocarps of very different species from those found in 
the forested areas. This difference could be attributed to several factors. First, the roads in the study area 
are mostly constructed with limestone gravel, so the calcareous effect is stronger than it is in the duff of 
the adjacent forest. Second, the compacted surface of the roads encourages certain species which tolerate 
compacted soils. Third, solar radiation and precipitation are able to freely reach the ground, allowing for 
higher density of seedlings and consequently abundant new fine roots for colonization. Furthermore, the 
roads are pathways used intensely by all sizes of wildlife, likely resulting in relatively higher N input than 
in the forest (personal observation by Hamill, in Hamill et al. 2014). 

What roles do the fungi present have in forest growth and health, particularly for animals?  

Macro-fungi from the POW units have important roles in forest health, tree growth and wildlife. The 
ectomycorrhizal fungi present in the units share nutrient transfer with higher plants. This well-known fact 
is demonstrated with plants sharing an overlapping hyphal network (Horton and Bruns 1999, Simard et al. 
1997). However, overstory removal results in reduction of belowground fungal biomass due to the loss of 
photosynthate provided to ectomycorrhizal hyphae from the vascular plant. Although the hyphae of 
ectomycorrhizal fungi can persist for up to a year after overstory removal, physical and chemical changes 
to the site such as solorization, changes in carbon to nitrogen ratios and dispersal limitations of spores and 
sclerotia, all contribute to a decrease and change in ectomycorrhizal morphotypes present on root tips 
(Ballard 2000, Horton and Bruns 1999, Lazaruk 2001, Jones et al. 2003, Hoberg et al. 2007). 
Ectomycorrhizal fungi vary in their abilities to absorb nutrients and to transfer these nutrients to their host 
plants (Abuzinadah and Read 1986, Bougher et al. 1990, Finlay et al. 1992, Van Tichelen and Colpaert 
2000). Maintaining higher species richness in the fungal community may allow facilitation to their plant 
hosts under a larger range of environmental conditions. 

Wildlife such as deer, bear, moose, rodents, and arthropods all utilize fungal sporocarps as an important 
part of their diet. Since animals rely on fungi, the use of sporocarp diversity and abundance as indicators 
is a realistic management tool for maintaining wildlife populations. There was frequent evidence of 
mycophagy in the POW units. Other animals that eat fungi or are fed by the organisms they attract 
include bears, small mammals, amphibians, birds, insects and cephalopods. Calorically, fungi compare 
with vegetables and fruits and can be important sources of minerals and protein (Fogel and Trappe 1978). 
Squirrels, chipmunks and other small mammals often perch their fungi in branch axils and on logs to dry; 
this concentrates the nutrients and allows for caching. Some of these animals including owls, which are 
indirect mycophagists, disperse spores over much longer distances than just by release from the sporocarp 
(Fogel and Trappe 1978). 

Fungi comprise up to 70 percent of the cervid diet in the fall (Launchbaugh and Urness 1992), which may 
be due to fungi having a variety of trace minerals, a high amount of phosphorus, up to 50 percent protein, 
and an important source of nitrogen, which is essential for protein synthesis. Of the genera collected on 
POW, Boletus, Clavaria, Clitocybe, Cortinarius, Lactarius, Lentinus, Polyporus, Russula, Suillus, 
Ramaria, as well as some others, are utilized by cervids (Launchbaugh and Urness 1992, Hamill personal 
communication).  
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No less important for wildlife is the creation of habitat by fungi. Many animals rely on wood decay fungi 
to provide the structural changes in both standing and down wood that provides for shelter and food 
(Laursen et al. 2005). Birds and small mammals rely on wood decay fungi to prepare snags and logs for 
cavity use. Many rotten trees are inhabited by insects that are important food for birds and mammals. 
Virtually every fungal fruiting body is utilized by some creature, from springtails (Collembola) to the 
amphibians that position themselves beneath sporocarps to feast on falling springtails and from small 
rodents to bears (Hamill et al 2014). 

Summary from 2014 Fungal Surveys 

In 2014, Stone Ecosurveys revisited the same selected sites from 2013, except a Staney Creek site 
replaced the Deweyville site (Table 1, Figure 1). The riparian area at Staney was chosen because the 
Forest Service is concentrating restoration efforts in riparian forests. The data collected here will help 
understand the resiliency and retention of terrestrial fungi communities in riparian habitats after harvest. 
This 2014 study period will help refine abundance of species and provide a second year of data to capture 
a more accurate picture of fungal diversity. 

Biodiversity Table 1. Summary of macro-fungi surveys locations on Prince of Wales Island in 2014. OG = Old-
growth, YG= Young-growth. Deweyville (site 1) was dropped from additional surveys in 2014 and replaced by Staney 
Creek (site 6). 

Local Name Site Acres Stand origin 
date or age Soil Series Forest Type 

Naukati 2 89 1947 Ulloa and Sarkar 

YG Tsuga 
heterophylla/Picea 
sitchensis and old corduroy 
road to beach 

Winter 
Harbor 

 

3a 

3b 

45 

38 

1945 

>200 years old 

Ulloa, Sarkar, some Karta  

Ulloa, Sarkar and 
McGilvery some wetter 
soils underlain by till in the 
valley mod-stand.  

YG Tsuga 
heterophylla/Picea 
sitchensis, Some 
Vaccinium.  

OG Tsuga 
heterophylla/Picea 
sitchensis/Vaccinium. 
Some Thuja plicata on the 
shallow soil convex areas. 

 3c 

10 acres 
below 
road were 
treated as 
wildlife 
thinning 
project - 

1945 

Ulloa and Sarkar, 
sinkholes and caves in 
non-treated portion of the 
stand. 

YGTsuga 
heterophylla/Picea 
sitchensis. Also has new 
corduroy road survey. 

95 acres 
total. 

Masada 4a 58 

Wind-
regenerated 
stand >200 
years old 

Ulloa, Sarkar, minor areas 
of McGilvery.  

OG Tsuga 
heterophylla/Picea 
sitchensis/Vaccinium, 
minor areas of Thuja 
plicata on shallow soils. 

YG Tsuga 

 4b 100 1970 Ulloa, Sarkar and minor 
areas of McGilvery 

heterophylla/Picea 
sitchensis and Thuja plicata 
on shallow soils.  

Luck Lake 5 99 1970 Tolstoi, Mossman, and 
Karta, some rock outcrop 

YG Tsuga heterophylla-
Alnus rubra, old landslides  
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Local Name Site Acres Stand origin 
date or age Soil Series Forest Type 

Staney 
Creek 6a <50  Old-growth 

riparian forest Tonowek and Tuxekan 
OG Picea sitchensis and 
Tsuga heterophylla with 
LYAM and OHPO 

 6b <50 Harvested 
riparian forest Tonowek and Tuxekan 

YG 50 percent Alnus rubra, 
small amounts Picea 
sitchensis and Tsuga 
heterophylla 

Fungi were sampled from each of the units by lying a transect line to include as much of the structural 
diversity of the unit as possible. On paired old-growth and young-growth units, the transect placement 
was laid out on similar aspects. Transects were 2m wide and 200m long, except in the case of Staney 
Creek young-growth forest. The length of this transect in the young-growth forest was increased to 
account for several creek bed areas crossed by the transect that had no evidence of vascular plants or 
fungal fruiting bodies. In the Staney Creek young-growth the transect length was constrained by the unit 
size so the azimuth direction was changed slightly mid-way to accommodate the entire transect within the 
unit.  

Two mycologists recorded all species encountered along each transect, collecting those species for which 
field identification was not possible (Photo 1). When two or more sporocarps of the same species are 
found, the set distance of 2m was used as the definition of a new population of fungus. When one species 
was found continuously along a several-meter stretch, the species was recorded every 2m so that it was 
clear how long the population stretched.  

Although this method is not actually 
individual small plots, the sampling 
method results in data which can be used 
as if separate plots were sampled. A 
transect will capture an accurate 
representation of the fungal community. It 
crosses the unit through subtle elevation 
and microhabitat differences as well as 
capturing the patchy distribution of shrubs 
and structural differences in the unit 
(Photo 2). 

Hypogeous fungi (truffles) were sampled 
at approximately 20m intervals along each 
transect (Photo 3). At some point within a 
20 to 40m interval along each transect, 
one surveyor walked perpendicular to the 
transect at least 4m and up to 12m away 
from the transect, until finding an area 
that seemed conducive to hypogeous 

fungi. At that point s/he raked in an area of about 1m2, searching carefully through the surface duff. In 
this way, hypogeous sampling will not disturb the main transect in case of future sampling. All 
hypogeous searches were on the right side when progressing forward along a transect. Although the 
hypogeous plots were not exactly 20m apart, at least 10 areas were searched along each 200m transect. In 
addition, 4 to 6 additional areas in each unit were raked in places that appeared conducive to hypogeous 
fungi as the surveyors progressed through the forest. 

These data will provide a species list and frequencies of each species found on each unit. Permutation 
tests in ANOVA using frequency data can test the hypothesis of different species composition in old-

Biodiversity Photo 1.  Two mycologists record all sporocarp species 
along a transect. 
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growth versus young-growth units. An ordination 
with nonmetric multidimensional scaling will be 
used to detect patterns and relationships in the 
species distribution data.  

Final products of the 2014 fungal sampling 
period will include dried specimens of species not 
collected in the 2013 survey, a list of species 
found in 2014 that were not found in 2013 and a 
complete combined list from both years. The 
final report will consist of an ordination of all the 
plots, showing their relationship to each other in 
relation to fungal communities. Additionally, 
comparisons will be made between the paired 
units addressing whether old-growth forests have 
significantly different species composition from 
young-growth forests. Fungi specimens will be 
submitted to the OSU herbarium. 

The final report will address this biodiversity question: Are young-growth treatments improving other key 
habitat components for old-growth associated species?  

Evaluation of Results 
Results from 2013 macro-fungi surveys indicate that 
POW forests are diverse in macro-fungi. Old- and 
young-growth forests share some species, as well as 
possessing unique macro-fungi communities that 
provide important ecosystem services to many forest 
organisms and promote nutrient cycling in the soil. 
The 2014 survey results will provide a better picture 
of the similarities or differences and provide guidance 
to silviculturists and wildlife biologists in designing 
timber management practices that enhance fungal 
diversity.  

Action Plan 
To gather sufficient information about species presence and their relative abundance in a particular 
habitat, surveys should be conducted for more than one year (Castellano et al. 1999). An individual fungal 
body can live for many years in one location in the soil, yet produce mushrooms very infrequently. This 
somewhat cryptic nature poses problems in locating specimens.  

Therefore the plan of repeated study years outlined in the 2013 monitoring report has been followed as 
the second year of surveys was completed in September 2014. The data are currently being analyzed. The 
FY 2015 report will provide conclusions to this work.  
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Biodiversity Photo 2.  Sampling the fungal community 
through a variety of microhabitats. 

Biodiversity Photo 3.  Hypogeous fungi (truffles) 
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