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Abstract

In British Columbia, commercidly important wild mushroom species indude the
morels, chanterdles and the pine mushroom (dso known by its scientific name
Tricholoma magnivelare, and as the American Matsutake, White Matsutake, or an older
name Armillaria ponderosa). It is estimated that the British Columbiawild mushroom
indudry isvaued & about$40 - 45 million dolars with an estimated 1.2 million
kilogams havested annudly. The pine mushroom havest ranges from about
250,000 - 400,000 kilograms pe year (Wills et d. 1998). About Sxty percent of the
provincid pine mushroom harvest originaes in the northwest region of the
province. The pine mushroom busnessiis largely cash based, dtracting many
trangtiond pickers tha follow the havest from Alaskato Cdifornia Like many
aress in the Pacific Northwest of North America, the Nass-Skeenatrangtion in the
Prince Rupet Forest Region is the setting for amodern-day gold rugh.

To =t the scenewe provide higtoricd information on pne mushroom interest and
activity in British Columbia from the 1930's on and then move into aurrent
information on he ecology of the pine mushroom We review community issues and
conaernsaround he sudanability of the resource within current land u planning in
the Skeena-Bulkley Region, and congde the econamic and dd impect of the
annud pine mushroom harvest on locad communtties, induding First Nations
peoples. We includealist of relevant British Columbia researchers, thar areas of
research focusor interest, plusasdected list of relevant externd researchers. Contact
information is gven. We dso review research tha is of dgnificance to the Skeena
Bulkley Region, and gve five priorities for future research in this geographic area
Thefind section reviews srategies to maintain the pine mushroom and oter forest
fung. Appende to thereport is aligting of research posibilities for pine mushroom
inventory, biology and ecology, forest produdivity, forest practices, mushroom
havest and pdo-economc needs
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Scope of the Report

Given the short time frame it was necessary to focuson asnge mushroom o the
logcd choice was the pine mushroom However, we do recognize the importance of
the other wild mushrooms such & the boletes, chanterelles and truffles
(ectomychorrizd, like the pine mushroom), and the morel, cauliflower and lobster
mushroons (sgprophytic). As well, there have been preliminary econormic
evaudionsof mushrooms for nutraceutical and indudria usage (Wills 1998). All
could play arole in the development of alocd, suganable, dternaive econamy.
Because of this, we bdieve there is arole for FRBC in suppotting the whole wild
mushroom indugtry in the SkeenaBulkley Region. Our hopeis tha this study is jug
thebeginning

Themain obgctives of this report are to identify biologca research related to the
pine mushroont, to identify sodo-economc research peataningto the pine
mushroom havest and the varioussakeholdes, to identify BC researchers who
foauson the pine mushroom or related ectomycorriza mushrooms, and o identify
priorities for further research.

For the pumpos of this pge, theterm SkeenaBulkley Region is synonymouswith
the Prince Rupeat Forest Region.

Background

Forest fung are unale to make thar own food, 0 they are forced to obtain ugars
and @arbohydrates from other sources. They do ® by invading live trees and othe
plants, by decomposng dead meterids such as needles, leaves and woodydébris, and
by formingintimate relationsipswith plants where both thefungusand pbnt
ben€fit from the rdaionsip. One such symbiotic relationship is the mycorrhiza
one where afungusbecomes intimately established insdeand aoundthe plant
roots. In this relationship the fungusexchanges soil nutrients and weter for sugars
and arbohydrates produad bythe plant. The fungusacts as an extended root
system for the plant, providing access to water and il nutrients tha would not
otherwise be avallable. Forest treesin British Columbia (BC) genedly requirea
mycorrhiza assodation for ggowth and development. Thefungd growth on tis
subterranean assodation is the vegetative or non-sexud gage in the development of
thefungus At acertain point, thefungusdevelopsasexud sage during which sexud
gpores are formed. This point is characterized bythe produdion of complex and
varied fruiting bodies. Mushrooms, conks, and truffles are the fruiting bodies of a
variety of different fung.

Managing forests for mushrooms is increasingy becoming a conaern for many
resource managers. Management decisonsshould dways bebased on hetype of
fungus There are three main types of fung N saprophitic, pathogenic and
mycorrhiza. Each goup has its own management issues. The mgor commercia
gpecies of mushrooms are éther mycorrhiza or sgprophytic. Pine mushroonts,
chanterelles and boktes form mycorrhizae with meny different hog trees, while
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morels are sgprophytic.

Mushrooms and othe fung have been apat of many cultures throughout history.
They have been usd for food, medicines and even tinde. In BC, mushrooms have
been atraditiond food for many naive people (Tumer & d. 1987). People with links
to continenta Europe prefer mushrooms like boletes, chanterelles and norels, while
people with linksto Adaoften prefer the matsutake or pine mushroom

History of the Pine Mushroom

The matsutake mushroom has been apat of the Jgpanese culture for centuries
(Ohara 1994). Until the 17th and 18th century, matsutake conumption wes grictly
limited to the nobiity dass. Today, agft of amatsuteke mushroomis revered by
many as it symbolizes fertility, good fortuneand hgpiness.

There ae two types of matsutake mushrooms in Jpan: Tricholoma matsutake and T.
bakamatsutake. Both mushrooms are amilar in gopearance and have srongodous
and tastes. Snce World Wer 11, the Jgpanese matsutake mushroom has declined
despite many efforts to increase its produdion (Kawa and Ogawa 1981, Futai 1980).
Thedeclinehas been dtributed to anematode tha attacks the matudake hog roots
and o abuid up ofwoody débristha causes shading a theforest floor. As aresult,
the Jgpanese have been forced to look dsewhere for thar supply of matsutake
mushroons.

In BC and the Pacific Northwest United Sates the counterpat to

T. matsutake N T. bakamatsutake \ST. magnivelare. T. magnivelare (referred to & pine
mushroons in this pgper to distinguish it from T. atsutake, the matsutake
mushroom of Asig) is amilar in texture, odourand taste to the ASan Pecies.
Canadiansand Americanswith Asan roots began picking pine mushroomsin BC,
Washington and Oregon in the 1930s and 1940s (Zdler and Togaeshi 1934). In the
1970s, large numbers of pine mushrooms were havested and sipped to Jpan from
the Pemberton aea of BC. Pickers were pad cash and it was reported that on agood
day apicker could earn $1,000 (The Vancouver Sun: Oct. 17 1978, pp. Al, 2 and 16,
Giant Mushroom Causes Boom). By the early 1980s, pine mushroons were
havested throudghoutthe province, and the Pacific lumbe market and Bpanese
matsutake produdion were in Eriousdecline With the luaative prices beng pad
for pine mushrooms and theindudry developing on agrictly cash bass, agold rush
mentdity set in anongthe pickers and buyers. The price was 0 high tha it became
lucrative to fly pickers by hdicoptersinto inaccessble stes. This has led to conflicts
between trangent pickers (who follow the mushroom harvest dongthe Pacific coast)
and locd pickers.

Locd pickers and resdents throughout the Pacific Northwest and BC became
conaerned aouttheimpact of numerouspickers on the longterm produdivity of
the pine mushrooms. These conaarnsled to anunber workshopsand @mnferences
dedingwith the sugainability of wild mushrooms. Later on, the Pine Mushroom
Task Force was established in BC to identify issues and mncernsrelaing to the pine
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mushroom havest (Anonymous1994). The Task Force recommended anunbe of
optionsfor the management of the pine mushroomindudry butto dae nonehave
been adopted. One recommenddion wes the undetaking of scientific research on
the ecology of pine mushroons. This pgper comes with recommendaionsand
priorities regarding the scientific research for the pine mushroomindugry the
eenaBulkey Region.

Ecology of the Pine Mushroom

Host Species and Age

Like many other ectomycorrhiza fung, the pine mushroom gppears to behighly
influenced byits hog plant. In Asa, the matsutake forms mycorrhiza assodations
with avariety of pines (Pinus densiflora, P. karaiensis, P. thunbergii, P. taiwanensis, P.
pumila), PIUCR (Picea glehniz), Tir (Abies mariesii), hemlodK (Tsuga dumosa), and 0&ks
(Quercus aquifolins and Q. pannosa) (Hosford € d. 1997). On the Pecific coast of North
America, pine mushrooms ae found pedomnantly unde mixed sandsof
lodgepole pines (Pinus contorta), western hemlodk (Tsuga heteraphylla) and Doudas-fir
(Pseudotsuga menziesiz). They are found 0 alesser extent with Pecific siver fir (Abies
amabilis), western white pine (P. monticola), ponde€osa pine (P. ponderosa) and mountain
hemlodk (Tsuga mertensiana) (Redhead 1997).

Priminay indicationsshow good phe mushroom stes fromthe Nass and S$und
Riversin the Interior Ceda Hemlock Zone (ICH). Western hemlock and lodgepole
pine are dways present in both the tree canopy (stratum A) and undestory (stratum
B) layers (Trowbridge and Macadam 1996).

In Jpan and the Pacific Northwest, good pne and metsutake mushroom dtes ae
found n both conifer and hadwood forests rangngin age from 35 - 120 years
(Hosford & d. 1997, Redhead 1997). Visser (1995) examined a nunmber of different
aged dandsrecovering from fire (6, 41, 65 and 122 years) for ectomycorrhiza fung
and found ha pine mushrooms were present only in 122 year-old Jck pine gtesin
Albeta

In the SkeenaBulkley Region, pickers report that prime mushroom stes are dways
located in gandsyounger than 200 years. Onereport indicates tha pine mushrooms
were collected on heedge of a5 year-old conifer gand adjacent to aprime pine
mushroomforest. Trowbridge and Macadam (1996), indicate tha the presence of
lodgepole pineondl pine mushroom sites, reflect amaturing sera gdage rather than
an old-growth or juvenile stage.

Vegetation and Soils

All prime pine mushroom and nmetsutake forests have an open canopytha pemits
light to pendrate to theforest floor. Pine mushroom forests in the Pacific
Northwest typicaly have a parse undestory tha is domnaed by Ericaceousshrubs
such as Ad (Gaultheria shallon), black huckleberry (17accinium membranacenn) and
rhododedron (Rhododendron albiflorun). The candy gick plant (Alotropa virgata) iS
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often reported to bepresent, and ichensand feather mosses may dso bepresent on
some Stes.

On pine mushroom gtes in the Nass and Sumd Rivers area, black huckleberry and
red hukleberry (17 parvifolinm), piNce's pine (Chinaphila umbellata), rattlesneke
plantain (Goodyera ablongifolia), and DmMe mosses are present (Trowbridge and
Macadam 1996). False azdea (Menziesia ferrnginea), Hypopitys monotropa, Pterospora
andromedea, Corallorrhiza 0p. and gound Ichen aedso present on good pne
mudhroomgtes in these aress.

Pine mushrooms are not found on bogor pootly drained sils but are dbundant on
well-drained sils. Soils & these stes are typicdly podzols and oliginate from gacid
deposts (Hosford & d. 1997). Podzls aerich in iron and duminum indicating
nutrient leaching due to high rainfal. A diginctive and well-developed grey coloured
A, horizon indicating nutrient leaching is usudly present. Both mycorrhizae and
mushroom development occurs in the A soil horizon (Hosford & d. 1997).
However, fungd mats of white and gey mycdium are sometimes present a the
forest floor-minerd soil interface (Trowbridge and Macadam 1996).

Shiro Development and Ecology

Theword shiro is used to describe the undeground \egetative Sructure of apine
mushroom It comes from the Jgpanese word meaning castle or domain, and when
used as an ajective means white in alour. Jgpanese mycologsts use theword shiro
to decribe a"subterranean biotic community where mycorrhizal development plays
aleading part over the s0il condituents, especidly soil microbes’ (Ohara (1994) cited
in Hodord ¢ d. 1997). Our undestanding of shiro development and its ecology
comes from research dore by Jgpanese mycologsts. Fortunaely much of this
information @an beextrapolated to shiro development of the North American pine
mushroom

The growth of the shiro is directly related to mycorrhiza development (Ohara 1981).
A number of zones are recognized in shiro development. Refer to Hgure 1. ZoneO
containsno roots or mycelia and is the zonein which the advanang mycorrhizee are
directed. Zonel contains mycelia and roots but no mycorrhizae. Zone Il contains
youngactive mycorrhizae but no nushrooms. Thiszonewill produe next year's
mushroom crop. Zonelll contains active mycorrhizae tha produce this year's
mushroons directly above. After the mushrooms fruit, the soils dry and the
mycorrhizae degenerate. Zones 1V and V contain decayed mycorrhizee from the
previous2 years of fruiting. Zones VI and V11 are the zones in which the old
decayed mycorrhizee have been completely doughed off and the soil has recovered
from the effects of mycorrhizae. Shiros are dbout 25-30 cm degp, and over 60 cm
widein thering Each shiro will reach saverd metersin diameter. Berch, (1996),
examining pine mushroom shirosnear the Shumd Creek areg, reports tha there
were more blackened and 'carbonized' fineroots directly unde and a some distance
from thefruiting bodees.
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Figure 1IN Soil profile of the shiro of Tricholoma matsutake (Ohaa 1981).

zoneof roots free from mycorrhiza infection
zoneof mycellium
zoneof physologcdly active mycorrhizae (next season's AMZ or
‘active mycorrhiza zoné')
[l = zoneof mycorrhizae for fruiting (AMZ)
= zoneof decaying mycorrhizae
= zoneof decayed mycorrhizae
= zoneof douched mycorrhizae
Ml = zone of il recovered from mycorrhizd effect

Basdiogpores (theinitid sage of fungd growth) germinae to produc hyphae and
mycdlium tha eventudly colonize roots to produe shiros Basdiogpores ae not
able to withgand low temperatures and desiccation. Unde laboratory condiions
matsutake basdiogpores remain viable for only 24 hours in low moisture condtions
Ther germinaion is reducd by50% after 4 daysin moist condtions In controlled
experiments, pore germindion is fimulated by organic acidsand pne nexdle
extracts (Ohta 1986). Pine mushroom mycelium growth on atificid nutrient mediais
dow, averagingabout1- 2 cm pa month Berch 1996).

In winter, matsutake mycdlia (and presumably pine mushroom mycelia) grow beyond
domant pinerootlets, butin ring, pinerootlets grow faster than myceliaand will
grow into the mycelid zone By summer and fdl mycorrhizae have formed and with
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theonst of fal rans mushrooms form aowe the active mycorrhizae.

Optima shiro gowth occurs in ils tha are warm, dry, and low in organic matter
and woodydebris. In -year-old Bpanese red pineforests, matsutake management
indudes weeding, tree trimming and removing excess shrubs and litter. If soilsare
too diy and warm they are mulched to inarease 0il moisture and lower the
tempeaatures to levels tha ae more condugve to shiro gowth (Hosford & d. 1997).

Fruiting Body Development

Theinitid gage of fruiting bodydevelopment is the produdion of primordia or
smdl protomushroons that have theability to gow larger. In Augug, well before
the onst of the pine mushroom harvest, there are many visible primordia present
(Berch 1996). Primordia produdion and gowth ae dgpendent on il moisture and
tempeaature. In Bpan, matsutake primordiawill form when the oil is cooled to 20°C
or lessfor 4 to5 days. Tominaga (1975) and other Jgpanese mycologstsuse a
Hiroshimatunné made of awire frame and finemesh ndting. It is placed ower
Zonelll of the shiro to increase fruiting bodydevelopment. Artificid watering,
additionsof ice and ar-conditioning were used to control soil temperature. Note tha
there are two different soil temperatures and noisture requirements for matsutake
produdion. Soils mug bewarm and diy to enhance shiro produdion, but cool and
moist to enhance fruiting produdion.

Human Impacts on the Pine Mushroom and Other Fungi

Timber Harvesting and Management

Timber havesting may afect the pine mushroom by

o0 removing the hog species,

o0 removing the tree cover and © changng the amounts of hest, light and
moisture avallable to thefungus

o0 scaping or removing the forest floor by mechanicd meansthroudh the
use of skidde or cat blades, and bythe dragging of logs,

o0 accderating the decomposition of the forest floor through increased hest
and light which causesinareased decomposer activity;

o0 compeacting the oil which afects the dengty, pemeability, moisture
content, and ox/gen supply in the oil, and dso dfects the ability of
seedlings to force roots through the oil;

o adding litter and dash tha will change the nutrient supply and dhemica
compostion of the soil in amuch faster way than would nomdly  hgppen

in an unait forest;

o0 redudng theinoaulum source for future mycorrhiza assodations

o redudng tree and mycdlia hedth by negatively impacting mycorrhiza
assodétion;

o0 preventing spore dispersa by animas tha use mushroons in ther diet;

o0 buming (with varying intensties and with or without timber harvesting) will

change the oil temperature, moisture and nutient evelsimpecting pine
mushrooms.
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Timber harvesting has anegetive effect on etomycorrhizal aundince. Reduction in
mycorrhiza fung has led to reduced tree seedling surviva and gowth on eplanted
cutblocks (Amaranthusand Rerry 1989, Amaranthuset d. 1990). Thereisno
information Pecificdly on therole of pine mushrooms in tree surviva or onthe
impact of different timbe harvesting techniques on pine mushroom survival.

Durdl and bnes (1995) released first and scond year progress reports on the effects
of gap 9ze on thefungd community in the Date Creek area, Prince Rupet Forest
Region. They identified mycorrhizal mushrooms in mature gandsand ggpsrangng
in 9ze from 28m? to 4526 . Asthe gap areainareased the species richness of
mycorrhizal mushrooms decreased. At gap Szes great than goproximately 600m? (a
20m x 30m gap) the production of mushrooms was reduced to afew gecies fruiting
very infrequently. Only the fruiting part of the funguswas identified, 0 they ae
uncertain yet what effect the ggpshave on the subterranean mycorrhiza communtty.

In the Pecific Northwest, Filz e d. (1994) are sudying the effects of 2 logging
treatments (124 resdud trees pa hectare, and 27 residud trees pe hectare) plus
oneunthinned control on danterele fruiting. There is no dda yet from this gudy.

In Jpan dandsae #hinned regularly to increase pine mushroom produdivity.
Pendrating light warms and diies the soil resultingin increased shiro produdion
(Ogawa 1982). Miid burns will dso reduce the understory layer and dlow light
penetration to the soil.

Soil compaction reduces thegrowth of soil mycelia (Bowen 1980). Management
practices tha involve the use of heavy machinery and il trampling may reduce pine
mushroom growth and produdivity.

Mushroom Harvesting

In some smilar ways, mushroom harvesting may dso dfect the sugainability of the
pine mushroom
o Foot traffic may cause soil compaction and the crushing of fruiting bodies
and mycdlia
o Over havesting for sde or pasond use may cause alower rate of pine
mushroom reprodudion throudh decreased goore dispersd.
o Over havesting may cause adedinein the gendic diversty of future pine
mushroom popuktions
o Removing mushroons may negatively impact anima popuktionsand the
dispersd of gores by animds. Therole of mushroomsin the diet of animas
is poorly undestood.
o Tree hedth may becompromised dueto lagging mycorrhiza assodaions
o Removing flag mushrooms, acommon prectice for competitive pickers, may
dso contribute to over havesting Flag mushroons are the non-sdesgble
mature mushroomsthat are indicators of agood nushroom pach. These ae
picked and tossed dsewhere to maintain the secrecy of the mushroom site.
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o And findly, raking the forest floor to expose the button nushroomsis
perhgosthe mog derimentd picking practice. Raking destroys forest floor
habitat and mey dso destroy pine mushroom mycelia and fruiting body
produdion.

Hodord ¢ d. (1997) report tha disturbing dow growing oil mosses by ether
trampling or searching for pine mushrooms has anggetive impact on pne
mushrooms.

There are anunber of current research projects in the Pacific Northwest involving
the effects of fruiting body remova on lbongterm produdivity of edible wild
mughroons (e.g., on dianterelles, Norvell 1995, Largent and Sme 1995).

Pine mushroom research is somewha behind that of the chanterdlles. Hosord € 4d.
(1997) in Washingon Sate and Riz & d. (1994) in Oregon ae looking a thelong
term effects of the pine mushroom havest on is produdion and @mmercid vaue
At both stesthere ae five treetments. Control Stes, where no nushrooms are
havested, ae bangcompared to four different harvest techniques as follows.
Mushrooms are havested with agentle twist and pul, and the duff layer is not
disturbed. Litter and duf layers are removed to the surface of the mycdlid layer and
not replaced. Thelitter and duf layers are removed to the surface of the mycdlia
layer and then replaced. Raking occurs into the mycdlid layer and thelitter and duf
layers are removed and nd replaced. And findly, raking occursinto the mycdlid
layer and thelitter and duf layers ae removed and then replaced.

Community Issues and Concerns.

The SeenaBulkley Region is breathtaking with its vast expanse of gunning
mountaings valeys and blue ky. For yearsit has been known as aprime outdoor
recreation aea, and nore recently, has achieved fame and d times notoriety for the
pine mushroom harvest tha is taken eech fdl from private lands Crown lands, First
Nations territorid lands and ilegdly from Provinaa Park lands

Stakeholders

urroundng the scientific research issues are the sodologca and economic issues
rased bygakeholders. The gakeholder groupsindude but are not limited to First
Nationsand nonnative resdents, locd and trandent pickers, buyers and exporters,
the forestry companies tha opeaate in the keenaBulkley Region; the scientific
community; the Province of British Columbiathrough the regulatory, research and
extengon ativities of the Ministry of Forests, the Ministry of Environment, Lands
and Parks (Congervation Office Service and Hsh and Wildlife), and the Ministry of
Agriculture, Fisheries and Food;the Province of British Columbia, Ministry of
Attorney Generd (Provindd Emergency Program); Forest Renewa BC; Aborigind
Affars, RevenueCanada Taxation; loca Civic Governments and Regiond Didtricts;
and the Roya Canadian Mounted Folice.

The Prince Rupet Forest Region bsects the northen hdf of the province and
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indudes somewhat less than onequater of the landmass of British Columbia, Refer
to the Appendix B, Forest Region and Didtrict Boundaies Map. The Sx Forest
Didricts within the Region ae the North Coagt (Prince Rupet); Kalum (Terrace);
Morice (Houdon); Lakes (BumsLake); Bulkley/C assar (Smithers); and Kispiox
(Hazdton). Each Digtrict has known pine mushroom havesting stes but by far the
largest concentrationsarein the Nass River Vdley, Kalum Didtrict and the
HazeltonsKigpiox Valey, Kispiox Didrict. Refer to Appendix B, Known
Commercid Pine Mushroom Harvesting Areas in British Columbia

Aswell, there are known pine mushroom stes within the Provindd Parksin the
eenaBulkley Region. This has its own implication & the harvesting of botanicals,
induding pine mushrooms, isillegd in Provinaa Parks.

Background

For the past 10 years there have been ongping discussonsand pubic controversy
over the pine mushroomhavest in BC. Theissues are complex and the concernsare
many. The following is achronology of atempts to definethe indugry and/or to
address gakeholder and pubic concerns

Recognition of the potentid for the growing pine mushroom indugry came with the
publcation of abrochure called A New Opportunity ... Pine Mushrooms in BC
(Anonymous1979). The brochure induded information on dentification and
harvesting techniques for the pine mushroom and dso st the gage for future
atempts by government a qudifying and drecting the BC indudry.

In Bnuay 1989, a Province of British Columbia interdegpartmenta Wild Mushroom
Committee was formed to outine the optionsfor deding with the growing public
conarn aound heindugry, and to make recommendaionsfor regulating a
controlled, environmentdly sugained pine mushroom havest. Aboutthe same time,
commerciad mushroom buyers and exporters were encouraged by the Federd
Depatment of Regiond Indugrid Expandon to form the Canadian Wild
Mushroom Assodation. The gated obgctive of the Assodation wes to promote the
interests and welfare of the indudry throudh marketing programs, research and
development, and through knowledge and gatigtics dbouttheindudry. At that time,
Assodaion membes estimate of monies pad to pickers for the 1988 season wes
$12,000,000 a an average rate of $12 pa pound Eligh 1989). Snce then, Canadian
Wild Mushroom Assodation activity hes declined.

In Sptember 1989, the Integrated Resources Branch of the BC Forest Srvice
received a commissionad report caled The Harvesting of Edible Wild Mushrooms in
British Columbia (Eligh 1989). The concernsraised were the protection of both the
mushroom resource and the assodated trees; the prevention of forest fires; alack of
training for pickers, picker ssfety; the contravention of the Park Act (tha prohibits
the havest and removd of mushrooms from Provindd Parks); alack of accurate
information éout havesting stes and wolumes taken; the ecology of the pine
mushroom and the effects of asudained annud havest on forest fung; public sfety
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in theforests; and onflicts by forest users. Thereport dso gave extensve options
for the management or regulation of the pine mushroomindugry.

In Octobe 1990, & New Aiyansh BC, the Gitlakdamix Counal, the Nationd
Research Coundl Canada, and Western Biologcas sponsored aPine Mushroom Ecology
Workshop, (Felsetta 1990). Thefocusof the workshop was to raise avareness of pine
mushroom ecology and biblogy, and o educate pickers about gopropriate picking
practices. There isno ndication in thereport if there was afollow-up o look a the
effectiveness of the workshop.

In March 1992, intergovernmentd discussonswith researchers and representatives
from the mushroom industry culminaed in areport titled Wiid Mushroom Harvesting
Discussion Session Minutes (de Geuset d. 1992). Thereport focused on heregulatory
grucduresin Cdifornia, Oregon and Washingion Sate; the increased publc concern
with over havesting, destrudive collecting, collectingin paks, and avil
disturbances, thefear of log income in anal communities should the government
decideto regulate theindudry, and @nflicts over land menagement practices
between timber havesting and mushroom harvesting proponents.

In Sptember of 1993, the Pine Mushroom Task Force came together to look a a
management gpproach bywhich government could achieve and maintain a
sudainable pine mushroomindugry. Chared bythe Ministry of Forests, the group
contained 11 representatives from British Columbia MinistriesN Forests;
Environment, Landsand Parks, Smal Busness, Tourism and Qulture; Aborigind
Affars, and Agriculture, Fisheries and Foodsas well as Agriculture Canada After
extengve discussonswith gakeholders around he province the group net in
Mesachie Lake in Jnuary 1994 to summarize thar findings. A first report, Pine
Mushroom Task Force, Workshop Results (Pine Mushroom Task Force 1994), wes
released for publc discussion. Thereport cdled for thelicenang of buyers, an
increase in the enforcement of exigting legidation; the development and detribution
of eductiond materids related to the harvest; the undataking of scientific research
on the ecology of the pine mushroom; and the fecilitation of apine mushroom
indugry assodation. A second eport added publc responge to the previous
recommendaions(Pine Mushroom Task Force 1995). Two mog notable itemsin
thelatter report are the emphasis on piotecting and wnserving the pine mushroom
resource and its habitat, and thenead to indudedl stakeholders in the management
of the mushroomresource.

In Februay 1995, A Preliminary Analysis of the Economic Importance of the 1994 Pine
Mushroom Industry of the Nass 1 alley Area, British Columbia (Meyer 1995) was
completed. Theresults showed an etimated 330,000 poundsof pine mushrooms
taken from the Nass Vdley sudyareawith etimated havest revenues of $3,755,400.
Shipping and processng added another $2,296,800 to the BC econorry. The author
noted tha these nunbe's were indicative of a"good mushroomyear” and ioud
not begenerdized for dl years.

Thenumber of peson das of picking was estimated & 28,800. An estimated 54% of
the havesters were resdents of the Nass Valey aeaand afurthe 17.4% were
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resdents of the Terrace/Ki timat aea. Twenty-four percent resded in othe pats of
BC and 3% came from other pats of Canada An etimated 1% were foreign
resdents.

Notable in this sudywas the difficulty of completing the research even with the hdp
of Seve Azak, Chief of the Gitwinkshlkw who exercised overdl control of the field
work. The sampling protocol initidly focused on three areas. Dueto unacceptable
levels of risk for survey field pasonnd, the collection protocol was adjuged to
excludethe Cranbary Junction. The mgority of buyers and brokers coopeaed in
the gudy, as did hundeds of mushroom pickers. An estimated 25% of the pickers
did notcoopeate. Air BC, Canadian Air and Centrd Mountain Air, opegatingout of
Terrace, were forthcoming with freight information. Externd Affars and
Internaiond Trade Canada both in Ottawa and Bpan asssted, as did BC Minigry of
Forests pasonnd Nelly deGeusand Dr. Shannon Berch. This Sudy gves some
indication of the problems and complexity of regulation and enforcement around he
pine mushroom harvest.

Local Issues and Concerns

First Nations and Conflicts Over Forest Resonrce Use

Firg Nationsbring to thediscussion ahigtory of livingwith and on theland. They
bringavison of preserving the naurd carrying capecity of theland and of
enhandng thar people and thar culture.

With inareasing popuktions the First Nations are seeking new and chalenging
employment oppotunities for therr people. Some are researching vaued added and
new marketing grategies for the pine mushroom as ways to become less dgpendent
on the mushroom buyers and the flucuaing prices. Othes are looking for economc
oppotuniy in dternative forest produds such a hucklebearies. Certainly,
sudainable work tha is dose to theland, such astimbe harvesting, mushroom
picking and bery picking, will hdp them achieve ther gods.

Some Firgt Nationsare doingwork to identify areas of resource conflict with pine
mushroons. The Gitxsan Srategic Wetershed Andysis Team (SW.A.T.) in Old
Hazelton have, with the help of externd conaultants Herb Hammond, Tom Bradley
and Fred Philpot, mapped the Fiddler Creek areato identify zones mos suited for
timbe harvest, cultura tourism, wildlife habitat, pine mushroom conservation and
more. They have dso identified sengtive zones where dopes of greater than 60%, or
criticd wildlife habitat, should precludetimber harvesting To honorand preserve
thar culture, they have mapped the same area (pre-European contact) showing old
tralls, camps village stes, hidden villages, medicind aress, edible food aeas and the
trade or 'grease’ trails as they are cdled. SW.A.T. has acquired the necessary kills to
repeet these dudiesin othe drainages and the ability to map usng current GIS
technology. Examples of these maps are gppended to the doawment.

To dae, there has been no red didogue over land use planning beween any First
Nation in the Skeena-Bulkley Region and the Ministry of Forests. The conaultation
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process might more reasonably be caled an information ssson(s). All the plansand
engneeringwork for the cutblodks are smply presented. First Nationsgive input but
genedly find it ignored.

Prime pine mushroom harvesting Stes are beng log to dearcuts on a onging
basis. Unless the pine mushroom resource is protected and menaged in asudanable
way, dongwith other biologca forest resources, locd First Nationsand nornaive
people will lose these resources and dso the longterm econonic bendits tha the
resources provide Amendmentsto the current land tenure sysem and the dlowable
annud cut need to beserioudy consdered to bdance therights of dl gakeholdes.
Many First Nationsare suggesting the co-management of the pine mushroom
resource on territorid lands

Environmental Damage

Garbage such as plagtics, tent frames, cars and oher debris are left in campswhen
the pickers leave. Human waste pits are left unbured. Severd of the people
interviewed have described the scene as ahomrendousmess, onethat can ham
wildlife and poluteloca sreams and weter bodies. Thethreat of campers Sarting
forest firesisdso aconcern.

Currently the Ministry of Forests and the Ministry of Environment, Landsand RParks
incur the cods of dean-up and fire fighting. The management of campstes and who
bears the cogs of dean-up and fire fighting need to be addressed in amanagement
plan.

Safety Issues and Economics of the Harvest

Themainly peaceful year round eistence of loca resdentsis interrupted each year
from Augud through Octobe while picking proceeds Hundreds of pickers arrive by
train, plane or private vehicle, induding large recreation vehicles and camper vans
With them, comes acrimind dement.

Theindugry runs on @ash with buyers holding Sgnificant anounts daly. These
monies are trangerred in cash to pickers who then retum to thar campstesin the
forest or & theroadsde The abundance of cash in the picking community is a ready
oppotunity for illicit tradein dcoholand dugs, and for thefts and robberies.

"A few years ago we never heard of asdler comingin with bags of pot or cocainelN
[it's] within thelast three years probably,” says Art Loring, Wing Chief, Eagle Clan,
Gitxsan (Loring pas. comm.). "Buyers ae banghdd up n the Cranbery. RCMP
[are] involved with therobbeies. Vehicles get windows smashed. Tires [are] dashed.
A group ofViethamese [came in] with machine guns. This will continueif camp
areas are not enforced.”

Price flududion isaconcern rased by some in the picking community. Much of the
trouble beween pickers, and dso bdween pickers and buyrsis thoudt to be
related to therapid daly change in the buying price. Pickers anticipae acertan
income based on yesterday or last week's rates and become angry, and ©metimes
hungy, when the price dropsquickly.
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Both Loring (Loring pe's. comm.) and Art Mercer (Mercer pe's. comm.), Manager of
Nisgaa Econormic Enterprises, dluded to price fixing between buyers and brokers.
They both obgrved that mogs evenings beween 7:.00 and 900 PM the buyers
phones ring eadily between oneanother. This gtuaion will likely get worse without
aconcerted effort by al gakeholdersto address the many economic and sfety issues
around he cash based pine mushroomindudry.

Regulations

Legidation aurrently exitsto control the havest of non-botanica forest products. In
1994 the Pine Mushroom Task Force recommended tha pine mushroom buyers be
licensed. To dde, no icensing or regulation exigs & the provinad levdl.

The Royd Canadian Mounted Police Detachments & Smithers, New Hazelton and
Terrace currently provide services throughout the main pine mushroom havesting
aress. Smithes has not had an inddent in thelast three years that could berelated to
the pine mushroom havest (Roy pe's. comm.). Terrace reports goproximately one
log picker pe week duiing the pine mushroom season pls pickers who require
provinda or community soda services for food and finandd ad (Burke peas.
comm.). Thisad isusudly to get the picker hone or to the next picking area. New
Hazelton reports up © 5000 trangent new comers within ther jurisdiction duiing
pine mushroom season. Armed robbey, dcohol and diuginddents rise annudly
(Chdiak pers. comm.). With jug thirteen membersin thar Detachment and 45,000
km? to cover, the New Hazelton Detachment are sretched to the limit. They would
welcome some form of regulation for the pine mushroom buyers and me way to
identify theindividuds within the picking communtty.

A number of First Nations are looking & or involved in monitoring activities on
thar territories. The Haida Nation ae training watchmen. The Nisgaa Nation have
developead abrochure to inform and educate pickers (Mercer pas. comm.). This
brochure provides information on &cess to mushroom picking stes,; the havesting
of wild mushrooms, campsite hygiene campste monitoring by Provinad authorities
and bythe Nisgaa Resource Officer; picker safety; the authority and phlosophy of
the Nisgda people; and mntact information for dl with jurisdiction in the Nass
Vdley foredts.

During 1996 and 1997, the Gitxsan Nation alministered apicker pe'mitting system
on the West Bank of the Skeena (Loring pas. comm.). After some initid actions
seventy-five percent of the pickers now voluntarily sgn the picking pamits. The
picking pe'mits track who is where, and what volumes of mushrooms are beng
taken. Picking permits are filed anonymoudy. The Gitxsan Nation dso has twenty-
four Rangers for conservation, fisheries and pecekeeping

In 1997 the City of Terrace required dl pine mushroom buyers within aty limits to
comply with existing zoning by-laws (Miller pers. comm.). Pine mushroom buyers
were required to obtain abusness license and locate in commercia areas with
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washroom facilities. No temporary grucures were dlowed. Sgnage was monitored
for safety and dutter. Miller reported 5to 6 buyers within aty limits and sverd
more outsdedty limitsin the Thombhill area. The City of Terrace was pleased with
theresults of the enforcement.

As shown abowe, loca people are willing and ale to work coopeatively with
government on regulation and enforcement issues related to the pine mushroom
harved. It isrecommended tha these regulatory modds be encouraged and
expandeal throudhoutthe Region.

The Parks Act prohibits the picking of pine mushrooms and othe biologcas
making it illegd to pick mushroomsin dl Provinda Parks. It isrecommended tha
locd communities assst the Parks Rangers in monitoring for mushroom pickers.

Many people bdieve that buyers should belicensed. One suggestion wes to expand
the zoning by-lanv/business license modd used bythe City of Terrace. In return for
obtaining alicense abuyer would provide information on he amounts, grades, origin
and piice of mushrooms. Revenues could bechanneled into enforcement and pine
mushroom research projects. Towns municipdities and Regiond Digtricts could be
asked to consde this modd. Some people dso bdieve tha brokersin Vancouver
and ohe mushroom export centers should declare the types, origin, quantities and
vaue of mushrooms exported from BC.

Many people dso bdievetha pickers should register a desgnaed dationsand day
in designaed campstes. Desgnated campstes would hdp ensure picker sefety and
campsdte sanitation, and dso provide oppotunities for picker eduction such as pine
mushroom ecology. A namind fee & thetime of picker arriva or dgparture may
offset the cog of managing picker camps

Research

This sction indudes two lists:

1) British Columbia researchers actively working on nushroom biology, ecology, or
taxonomy.

2) Research from Canada, United Sates, and Mexico on ectomycorrhiza fung that
is relevant tot the pine mushroomissuein the Skeena-Bulkley region.

British Columbia Researchers

Cariboo Forest Region
Ministry of Forests
200 640 Borland Sreet, Williams Lake, BC V2G 4T1
Dr. Bill (William) Chgpman
Focus Ecology and impact of soil fung on longterm dte produdivity.
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Kamloops Forest Region
Ministry of Forests
500 Columbia Sreet, Kamloops BC V2C 2T7
Dr. SuzanneSmard
Focus Carbon rander and linkages beween mycorrhiza fung and hos  trees.

Okanagan University College, Biology Department

3333 College Way, Kelowng BC V1V 1V7
Dr. Dan Durrdl
Focus Mycorrhiza typing, identification and linkage to fruiting bodyprodudion
usng Polymerase Chan Reaction (PCR which isaDNA methodobgy).

Dr. Meanie Jones
Focus Mycorrhizd typing and nutient trander beween mycorrhizae and host.
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Prince George Forest Region

University of Northern BC, College of Science and Management, Forestry Program
Prince George, BC V2N 479
Dr. Hugues Massicotte
Focus Mycorrhiza typing and linkage to fruiting bodyprodudion usng PCR.

University of Northern BC, Natural Resources and Environmental Studies

Prince George, BC V2N 4Z9
Dr. Keith Egger
Focus Mycorrhizd typingusng PCR, and interactionswith il becteria
Gradude sudents Quentin Badwin, Karen Mah, Keith Williams, Aniko Varga
All are working on aspects of ectomycorrhiza typing. Ther work is not specific to
pine mushroons.

Prince Rupert Forest Region

Ministry of Forests
Smithes, BC
Marty Kranabeter
Focus Mushroom and ectomycorrhizae community srudure.

Vancouver Forest Region

Ministry of Forests
Dr. Shannon Berch
1320 Glyn Road, Victorig, BC V8W 3E7
Focus Ectomycorrhizd and pne mushroom inventory and ecology. Pine
mushroom site inventory, ecology and description.
Gradude Sudents. Fidd Fogarty and Renata Outerbridge

Natural Resources Canada, Canadian Forest Service
Victoria, BC V82 1IM5

Dr. DougGoodmen

Focus Ectomycorrhizd typing and decriptions

University of British Columbia, Department of Soil Science
Rm 139, 2357 Main Mdl, Vancouwer, BC V6T 174
Dr. Guoping Xiou
Focus Application of il fung and bateriato forestry.

University of V'ictoria, Botany Department
Victorig, BC
Dr. Nancy Tumer
Focus Ethnobotny and ethnomycology for the Pacific Northwest.

Fidel Fogarty, Private Consultant (Forest Pathology/ Mycology)
S12 C-27 RR#2, Gibsons BC VON 1V0O
Focus Mushroom diversity and pne mushroom ecology.
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Sharmin Gamiet, Private Consultant (Ecology)

Mycology Resources

PO Box 2603, Clearbrook Sation, Abbotsford, BC V2T 6R4
Focus Mudhroom diversty, taxonony and ecology.

Panl Kroeger, Private Consultant (Mushroom ldentification)
395 E 40th Avenug Vancouwer, BC VSW 1M1
Foaus Mushroom identification and ecology.

Research Relevant to the Skeena-Bulkley Region

British Columbia

A-D Communications

Box 416, Hazelton, BC V0J1YO
Dougand Ann Donddson
Title: Action 2000: A journey into the human and economic potential of the
Upper Skeena.
Action 2000 was prepared for the Village of Hazelton and the Gitxsan and
Wet'suwet'en Marketing Corporation, fundeal by Forest Renewa BC. It was a
uniqueplanning project Ba patnership baween aWestern modd of government
and a organization baed on aFirst Nation traditiond government. These two
patners want to increase locd decison-making over the forest land base and
create more equd digtribution of the wedth generated from the resources
havesed in the Kigpiox Timbe Supply Area. Theplan is intended to move
communitiesin the TSA out of passve thinking and into action. It addresses
power and wedth. The plan indudes drategiesto gan ome control and influence
over decisonsdfecting the Kigpiox TSA's resources. Theplan indudes
observations condusonsand recommendaions All of the recommenddionsare
currently bang implemented.

Theplan hal aresearch component and apubic conaultation cwmponent.
Appendices indude sodoeconomnic daawith information on pne mushroom
havesting in the TSA. One of the recommendaionsis ébout marketingin the
Uppe Keena Botanicd forest produds are dso discussed.

Fidel Fogarty, Private Consultant (Forest Pathology/ Mycology)

S12 C-27 RR#2, Gibsons BC VON 1VO0

PhD ThessTitle: North American Pine Mushroom (Tricholoma magnivelare Peck, Redhead)
In Vitro Mycelia Culture, Ectomycorrbizal Synthesis Trials and Preliminary
Shiro Analysis.
Thesswork indudes: theisolation, culture, maintenance and growth of pine
mushroom mycedlia unde lab condtions(in vitro); the testing of isolates for
cdlulose, lignin and petin decomposng ability in vitro; ectomycorrhiza synthess
trids with lodggpole ping western hanlock and Doudas-ir in vitro; and
preliminary fidd investigationsof pine mushroom produdion and iro in the
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Nass Valey.

Current Focus examining over 100 species of mushroons, induding the
commercidly vauable macrofung, unde dternative slviculturd sysemsinduding
clearcut, shdterwood, extended rotation and unbgged control (Sunshine Coast
Forest District); andyss for enhanced mushroom produdion and mepping of
shiros laboratory cultivation of pine mushroom mycelium and field inoculation
tridsinto firs and cond gowth dands initiation and establishment of aculture
bank of isolates of potentialy sengtive macrofung induding T. magnivelare for
congerving gendic materid from throughout British Columbia

Laxc-Skiik Landscape Research, Gitxsan Nation

Box 106, Kitwanga, BC V0J2A0
Art Loring, Eagle Tribe
Focus Co-management of pine mushrooms and forestry.
This research indudes the wholigtic zoning of landsfor timber use, culturd
tourism, mushroom havesting, criticad wildlife habitat, and nore. The mogs
produdive pine mushroom areas were identified and mapped, (see the gopended
maps by SW.A.T.) and piotection wes provided for some Stes. SHective havest
sysems (snde gecies logging, smal pach auts and overstory cuts) and ther
effects on pne mushroom fruiting are dso beng gudied. This gudyis in itsfifth
yedr.

Meyer Resources, Inc.

3811 Duke Rd., Metchosn, BC V9C 4B2
Philip Meyer
Title: A Preliminary Analysis of the Economic Importance of the 1994 Pine
Mushroom Industry of the Nass 1V alley Area, British Columbia. (Prepared for
the Province of BC and the Nisgda Tribd Courxil).
Thisreport isreviewed in the section on @mmunity Issues and Goncerns
unde Background.

Ministry of Forests, Smithers

Bag 5000, Smithers, BC VOJ2NO
Marty Kranabeter
Titles: Effect of Tinber Harvesting on Mushroom and Mycorrhizae in Date Creek Research
Forests.
The Effect of Gap Size on the Fungal Community at Date Creek:
Ectomycorrhizae and sporocarps (Parts I and I1). First and Second Y ear Progress
Reports (Durall, D. and M. Jones. 1995).
Date Creek has atremendouscommunity of mycorrhiza fung. During onepeiod
in Sgptember, mushroom surveys reveded 8) mycorrhiza gecies, plusothers tha
could notbeidentified orwere fruiting a different times of the year. Mycorrhiza
mushrooms were identified in mature gandsand in ggpsrangngin dze from
28m? to 4526 nt. Asthe gap aeaincreased the gpecies richness of mycorrhiza
mushrooms decreased. At gap Szes greater than goproximately 600m? (a 20m x
30m gap) the produdion of mushrooms was reduced to afew ecies fruiting very
infrequently. Only the fruiting pat of thefunguswas identified, 0 it isuncertan
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yet wha effect the ggps have on the subterranean mycorrhizal community.

Title: Ectomycorrhizal Community Structure Across Forest Openings on Naturally Regenerated
Western Hemlock Seedlings (Kranabetter, | M. and T. Wylie 1997).

Across large ggps of 50B75 m, western hemlodk seedlings were examined to
determine fungd richness and detribution. Seedlings unde the canopy had the
mog mycorrhizae (38 fungd mophotypes), while seedlings near the edge had 21%
less (30 fundd types). Seedlings furthest into the gap openings had 25
ectomycorrhiza types, 34% less than the seedlings in the mature forest. This
research suggests that not al mycorrhiza fung persst in ils ater havesting
Ingead, Some mycorrhizae re-enter the havested aea by dowly goreading from
roots of mature trees to roots of seedlings in the openings. It is thoudnt tha this
declinein fungd richness across the gapsis likely temporary.

Title: Mushroom production under a range of forest basal areas. Plots ranging in

basal area (20n7" per ha to 7517 per ha) were selected at Date Creek to monitor the
production of ectomycorrbizal mushrooms.

The gudy examines the ability of Snge tree havesting sysemsto maintain
mushroom produdion.

Ministry of Forests, Victoria

1320 Glyn Road, Victoria, BC V8W 3E7
Dr. Shannon Berch
Title: Ecological Description and Classification of Pine Mushroom Sites in
Different Regions of the Province (Berch, S. 1998) ed.
Thisreport is fill in the draft dage. Research plots were established in 9x areas of
the province known to suppoit commercia pine mushroom crops. In each aea
experienced loca mushroom pickers asssted in thelocation of three 25 x 25-m
plotsin ecosystems typicd of highly produdive mushroom habitat. Characteristics
of gte, il and vegetation were recorded and il samples were collected for
chemicd andyss. Plots were established in arange of biogeodimatic settings
gpanning seven different subzones.

Title: Nisga'a Pine Mushroom Pilot Project: Preliminary Investigation of the Ecology and
Productivity of Tricholoma magnivelare in the Field and the Lab (Berch, S. 1996).

In thefidd, theinvolvement of locd pickers was the best way to generdly outline
the produdive pine mushroom gandsonthemagp and o locate them in the
woods Transects were usful for confirming where in the landscape the pine
mushroons were found. The difficult to access stes (chosen for tha pecific
reason) proved problematic for the researchea's. Solutionscould indudeinareasing
the budget or moving thestes so they ae more easly accessed. Intruson on he
sudysdtes by people notinvolved in theresearch could beovercome to some
extent by talking with the people and eplaining theresearch. In thelab, the pine
mushroomfailed to form ectomycorrhizae with lodgepole pine, Douglas-fir or
western hamlock seedlings and dso failed to use cdllulose or lignin & a sole carbon
source.

Title: Ecological Description and Classification of the Pine Mushroom Study
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Plots Near the Nass and Shumal Rivers in Northwestern British Columbia

(Trowbridge, R. and A. Macadam 1996, for BC Min Forests)

Three pine mushroom plots near the Nass and $umd rivers were dassfied into
the Submesic phase of the Hw B Sep moss dte series. Tree, hrub and heb drata
were described. Soil moisture and nutient regimes were designaed and the oil
layers dassified. It was noted that fire was the likely agent of disturbance.

Ministry of Forests, Integrated Resources Branch

Victoria, BC VBW 3E7
Nelly de Geus
Title: Botanical Forest Products in British Columbia. An Overview (de Gens
1995).
This report covers indugry profiles and havesting for botanical forest produds
in British Columbia. It indudes wild edible mushroomns, flord and geenery
produds, medicind and pharmaceuticd produds, wild baries and fruit; herb and
vegetable produds, naive landscaping plants; craft produds, honey and by
produds, syrup; and snoke woods Resource issues are discussed and
recommendaionsare made

Titles: Summary of Public Response: Pine Mushroom Task Force recommendations
(Annonymons 1995).

Pine Mushroom Task Force, Workshop Results (Anonymous 1994).

Wild Mushroom Harvesting Discussion Session Minutes (de Gens 1992).

These three reports are reviewed in the section onCommunity Issues and
Concaerns unde Background.

Nlaka'pamux Nation
P.O. Box 430, Lytton,BC VOK 1Z0
Shavn Freeman

Title: The Identification of Pine Mushroom Producing Habitat in the Nabatlach River
Watershed.

Philpot Forestry Services (1977) Ltd.

4813 Graham Avenue, Terrace, BC V8G 1A9
Fred Philpot, RPF
Focus The design and implementation of partial cutting systems in Coastal Western Hemlock
(CWH) and Interior Cedar Hemlock (ICH) Biogeoclimatic zones.

Ontario

Agriculture and Agri-Food Canada

Eastern Cered and Oilseed Research Centre (ECORC)

960 Caling Avenue Ottawa, Ont K1A 0C6
Dr. Scott Redhead, Curator of the Nationd Mycologcad Herbaium
(DAOM)
Title: The pine nmushroom industry in Canada and the United States (Redbead,
S§.A.1997).
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Monitoring of commercid developments on the pine mushroomindusry in
Canada and the United Sates.

Title: A biogeographical overview of the Canadian mushroom flora (Redhead,
§.A.1989).

Biogeographicd sudies on the Canadian mushroons a the naiond leve,
induding commercidly harvested gecies such as pine mushroons,
chanterelles, boletes, ec.

Washington State

U.S. Department of the Interior, National Biological Service
Sedttle WA 98115
Dr. Rudy Rodriguez
Focus Genetic diversity of chanterelles. Impact of harvesting fruiting bodies on
genetic structure.

Central Washington University, Department of Biological S'ciences

Ellensdburg, WA 98926
Dr. Dave Hodord
Title: Ecology and management of the commercially harvested American matsutake. Gen. Tech.
Rep. PNW-GTR-412. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 68p (Hosford, D. et al. 1997).
The summary pgoe begins by reviewing the higtorical importance of the Jgpanee
matsutake, its declining produdion and havest in Jpan, the taxonormny of
matsutake gpecies worldwide, ecologica research pioneered bythe Jgpanese, and
how Jgpanese forests are managed for matsutake produdion. The discussion of
the American matsutake indudes descriptionsof its digtribution, tree hods, and
commercidly important habitats, plusa case sudy of its ecology in centrd
Washington. The authors dso examine the soda and economc context of its
harvest in North America, as well as the biologcd, ecologcd and forest
management issues tha land menagers mug address to udain its havest. They
condudeby discussng current matsutake research and nonitoring activities in the
Pacific Northwest and byexplaining the relevance of these activities for integrating
the havest of the American matsutake into forest ecosystem management plans
Focus Soil ecology of pine mushroom shiro production, seasonal variation of
pine mushroom fruiting.

Oregon

Oregon Mycological Society

c/o 13716 & Odfield Rd, Milwaukie, OR 97222
JudyRoger
Focus Effects of long-term chanterelle harvest on subsequent fruiting.
Correlation of weather patterns and chanterelle productivity.

Oregon State University, Department of Forest Science
Corvdlis, OR 97331
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Dr. Dan Luoma

Focus Response of chanterelle to post harvest green tree retention. Spatial and

temporal pine mushroom production.

This researcher islooking a the response of the chanterelle to logging, while
leavinga few living trees. Using sample plots, heis dso tryingto establish the
effects of different harvesting techniques over time and land aea.

Dr. Nancy Weber
Focus Morel productivity, genetic variability, possible mycorrhizal association.

Pacific Northwest Mycology Service

6720 NW Skyline Blvd

Portland, OR 97229-1309
Dr. Lordel Norvdll
Title:  The Chanterelle (Cantharellus cibarius): A Peek at Productivity (Norvell,
L. with F. Kopecky, ]. Lindgren, and ]. Roger 1994).
The Oregon CanthardlusSudy Project team has been engaged in longterm
research of the chanterelle. In 1986, 10 research plots were established in 100-year
old hemlodk-Doudasfir gand in the buffer zone of Mt. Hood's Bull Run
watershad to sudywhethe the havesting of chanterdlles adversdly affects later
fruitings. Datareved widefluduaion of overdl produdivity Bindicated by
biomass as well as numbers of fruiting bodiesBfrom year to year, harvesting daa
fal to showtha picking chanterelles has an impact on subsequent produdivity
over theshort term.

Focus Long-term effects of chanterelle harvesting, chanterelle taxonomy, fungal
biodiversity assessment (Eorest Ecosystem Management Assessment Team or
Dr. Norvel has pubished extensvey on these topics.

Portland State University, Biology Department

Portland, OR 97207
Dr. Carter
Focus Morel productivity, ecology and genetics. Effects of prescribed burns on
morel productivity.

U.S. Department of Agriculture, Forest Service, Corvallis

Pecific Northwest Research Sation, Corvalis, OR 9733
Dr. David Rz
Title: Managing forest ecosystems to conserve fungus diversity and sustain wild
mushroom harvests (Pilz, D.; Molina, R. eds. 1996).
The publcation decribes the forest management context of fungusinventory and
monitoring issues, summarizes the mycologca sudies presented & the conference
(Ecosystem Management of Forest Fung, May 1994, Corvdlis, Oregon) and
provides asynopss of audience discusson.

Title: American matsutake mushroom harvesting in the United States: social
aspects and opportunities for sustainable development (Pilz D. and R. Molina 1997).



An Overview of Pine Mushroomsin the Skeena-Bulkley Region Page 26

This research addresses produdivity and suganability of the matsutake crop, as
well as management optionsfor enhandng produdion and regulating the harvest.

Focus Sampling methods, productivity, impact of tree thinning and logging on pine and
chanterelle nmushrooms. Effects of raking on pine mushroom productivity. Monitoring of wild
edible mushrooms. Spatial and temporal pine mushroom production.

Dr. Randy Molina

Title: Biology, ecology and social aspects of wild edible mushrooms in the Pacific

Northwest: a preface to managing a commercial harvest (Molina, R. et al. 1993)

This overview pgpe provides information on te biology of forest fung, describes
themgor edible fung in the Pecific Northwest, integrates a paspective on the
sodd aspects of the mushroom havest, summarizes the development of the
commercid mushroomindudry, and suggests research and nonitoring protocols
for developing management guiddines.

Title: Developing an Inventory and Monitoring Protocol for Commercially Harvested Forest
Mushrooms (Molina, R. et al. 1994)

The authors of this pgper acknowledge the controversy about howthe forest
produds indugry should be managed on puhbic landsand noe the conaerns
around hedestrudion offorest habitat and the gradud loss of the mushroom
resource. They suggest tha forest resource managers need reliable knowledge
about mushroom produdivity, yiddsof commercidly havested ecies and how
these yidds may change with variationsin forest community compostion, dimatic
condtions oil types, and timber havesting and mushroom havesting activities.
They bdieve tha ongping coopeative gudies will provide basdine inventory daa
on mushroom produdivity and haita ecology o informed decisonscan be
made

Focus Sampling methods, productivity, impact of tree thinning and logging on pine and
chanterelle mushrooms. Effects of raking on pine mushroom productivity. Monitoring of wild
edible mushrooms.

Dr. Jne Smith
Focus Morel productivity after tree thinning, prescribed burmns and genetic
variability. Possible mycorrbizal formation by morels.

U.S. Department of Agriculture, Forest Service, Grants Pass

Pecific Northwest Research Sation, Grants Pass, OR 97526
Dr. Mike Amaranthus
Focus Silvicultural treatments, forest floor vegetation on chanterelle
productivity. Effects of burn on morel production. Productivity and impact of
mushroom harvest on pine mushroom. Monitoring edible mushrooms. Spatial
and temporal pine mushroom production.

U.S. Department of Agriculture, Forest Service, Portland
Pecific Northwest Research Sation, Portland, OR 97208
Dr. Max
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Focus Monitoring mushroom productivity. Efficiency of various sample size
shape and numbers for statistical analysis.

Dr. Weigand

Focus Prescription, development and refining of agro-forestry systems.
Management practices to increase pine mushroom productivity.

California

Humboldt State University, Biology Department
Aracata, CA USA
Dr.D. L. Largent
Focus Chanterelle monitoring and responss to environmentd factors.

Mexico

Instituto de Ecologia

Km 2.5 antigna carretera Xalapa a Coatepec, (cerca del Jardin Botanico),

Xdapa Veracruz 91000, Mexico
Dr. Gaston Guzman
Focus Systematics of Mexican agaricaes and éhnadbotanica uses of edible
mushrooms induding pine mushrooms.

University of Berkeley, Department of Biology

San Franasco, CA USA
Dr. I.H. Chgda
Title: Wild Edible Mushrooms in Mexico: A Challenge and Opportunity for
Sustainable Development (Bandala, V.M., L. Montoya and 1.H. Chapela)
Members of rurd communities collect wild edible mushrooms, both for immediate
consumption and o obtain additiond income through sndl-scale slesin locd
markets. With NAFTA thereisatrend toward indusion in gobd markets.
Mushroom produdion is changng from asource of loca sdf-sugenanceto a
commodity in theinternaiond market, chdlengng the produdive base of
Mexican foresters, as well as legd and regulatory sysems a thelocd, naiond and
internaiond levels.

Dr. Chgodais dso continuing his research on ompaing sransof pine
mushrooms from Mexico with Canadian, Pacific Northwestern and Cdifornian
pine mushroons.

Recommended Criteria for Mushroom Research Projects

Projects mug be planned and conduced over a long-term period. Mushrooms are
ephanerd and fruiting is unpredictable and highly dgpendent on il moisture. As a
result, reliable mycologca daa can only be collected from research tha has been
conduaed for a mininum of 5 years.

Funding must be guaranteed for the project duration.

Data are analyzed by accredited institutions tha provide proof of intended coopeation.
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|f professond Provincial or Federal mycologists ae involved with the research, lezters of
intent should besubmitted.

Theproject structure should enconrage collaboration between researcheasin the Keena-
Bulkley Region and mycologstsin other pats of British Columbia and the Pecific
Northwest.

Data from mushroom projects should becollected in such amanne tha results can
be compared to research projects currently being done in Mexico, Jypan, dsewhere in Canada,
and in the Pacific Northwest of the United Sates of America

The involvement of local researchers and residents is imperative for the suacess of dl
research and nmonitoring projects. Currently there are anumbe of pinemushroom
research projects beng conduded in theregion byFirst Nations people. It makes
sense tha new projects buid and expand onwha has dready been done In this way
the daa can be andyzed on alarger landscape level.

Security on mushroom research Stesis aproblem. Research stes mug be protected
from commercid and recreationd pickers. Many different techniques have been tried
without success. It istherefore recommended tha personné be present on the
research ste every day during mushroom season o prevent pickers from disrupting
theresearch project, or tha aphyscd barrier such as afence becongruded on
mushroom research dtes.

Research Priorities

Based on ourresearch and dscusson with people in the region, we have identified
the following five priority areas for mushroom research in the Skeena-Bulkley region.

1. Furthe characterization o pine mushroom habitat, induding Ste assodations
age and drudure of forests, and extent of digtribution in ourregion.

2. Based on hehabita chaacterigtics, mep (G1S) produdive mushroom ground
for land u® planning and timbe supply andysis. Also indudehabitat
chaacterigtics as pat of theregiond BEC 'Ste Identification and Interpretation’
field guide s0 tha dlviculturd prescriptionsacknowledge the potentid for pine
mushrooms.

3. Examinedternaive dlviculturd effects on nushrooms a@ther throudh amdl,
controlled, research plots or adgptive management regimes over larger aress.

4. Sodo-econonic andyss of the mushroom industry in the Skeena-Bulkley
Region, including the need for licenang and nonitoring Also indudean
economic anayss of the revenueretums from mushroom havess, timber
extraction, and cmbined management scenarios (i.e. patid cuts).
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5. Explore the potentid for developinga more diversfied mushroom indugry by
induding mushrooms other than the pine Extend mommunity avareness
through workshopson bac mushroom identification, field tours of potentialy
commercia mushrooms, mushroom congrvation and forestry, licenang and
marketing, ec.

Strategies to Maintain the Pine Mushroom

Research houl bepat of an oweradl grategy to maintain the pine mushroom The
grategy mug indudeforest management for mushrooms and nonitoring of
mushroom produdively in managed forests.

Timber Management

There are anunber of forest management drategies tha may work to assure the
continuity of the pine mushroomin the Prince Rupeat Forest Region. These
grategies range from complete preservation or protection o the pine mushroom
habitat to varying degrees of disturbance to the habitat.

Asan integrd pat of each drategy, onemug ensure theretention or development of
large old trees. These trees are needed to act as hog trees for fung tha requrre large,
old trees. Later on, such trees will provide large woody ground déristo hog the
sgprophytic fung. One mug dso endure tha for retained trees, avariety of goecies
remain. Theknown hogsfor the pine mushroom mug beamongthem. One mug
not select againg some fung by removing dl trees of agven gecies. These
prindples gpply in dl gands systems and age dasses.

Place highly productive pine mushroom sites in permanent reserves. Where suitable, incorporate
highly produdive mushroom stesinto forest ecosystem neworks and onnecting
corridors tha link valey bottoms to dpine ecosystems. It isrecognized tha the pine
mushroom produdivity of the ste will gradudly decline over time as the forest
increases in age, butfor the next savera decades these gtes will remain produdive
for pine mushrooms, and will provide sources of inoaulum for recolonization of
adjacent disturbed aess.

Extend the length of rotation of timber harvest until past the productive pine mushroom stage.
Harvests of timber can beddayed unil theforest reaches an age when pine
mushroom produdivity has declined. The present rotation aye for dearcut
harvesting is goproximately 100 years. Rotationscan beextended to 150, 200, 250, or
300 years, to an age when the dteisno longer highly produdive for pine mudh-
rooms. The extended rotationscould indudeintermediate thinnings or selection
harvesting entries throughout the extended rotations to aleve that would not
negatively impact the pine mushroom habitat. At the end of the extended rotations
thetimber could bedearcut, with retention of ange trees and pdches of full gand
srucure to maintain hos gecies and entries of inoaulum for colonization of the
regenerating forest.

Log single trees to very small groups of two to six trees. This type of selection havest
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removes no nore than asecified level of basd areaor retainsa yecified level of
crown dosure. For example onemight remove 25 to 30% of the basd aeaor retain
70 to 75% of the existing crown dosure. This system dlows filtered sunlight in but
minimal direct light and lttle change to temperature and noisture regime.

Utilize a group selection system to create small canopy gaps (openings) in the forest. CanOpy gaPS
can range in 9ze up © 1 hectare, butthe mog gopropriate Sze to minimize impact
on the pine mushroom habitat would bein the 0.05to 0.25 hectare range. Remove
no more than 25% of the gand bad areain any given entry. Space entries every 25
to 0 yearsto dlow for regeneration. During these years the needed light, hest and
moisture regime for the pine mushroomwill re-establish dlowing the fungusto re-
colonize from adjacent gands

Clearcut an opening while retaining a combination of single trees and patches of full stand structure:
the single trees and patches must be dispersed more or less evenly across the opening. Inge trees
across the opening will act as hogsfor the pine mushroom and ower time will
providewd | dispersed, rotted wood for the ssprophytic fung. The paches of full
gand grucure will provide "lifeboa centers’ of inoaulum for recolonization into the
havested openings. From 20 to 25% of the 2and $hould beretained to ensure
aufficient gructure to accomplish the objective of providing adequae hog trees and
centers of inoaulum.

If onehad to choos baween leaving only Snde trees or leaving idands theidands
would bethe beter choice. Compaed to snde trees, theidandsof full gand
sructure provide a more effective "lifebod™ fundion because the habitat conditions
remain more congant. The drawback istha theidandsare less effective a providing
good dspersd of rotted wood a&ross the openings because thetrees are
conaentrated in gndl aress.

Pine Mushroom Plantations and Inoculations

Before environmental manipulation of aforest gte for pine mushrooms is conduded
we mug undestand theimpact of these measures on the entire ecosystem. For
ingance, many people have said tha forests should befertilized orirrigated to
increase pine mushroom produdivity. Application of these methodsmay adversdly
affect the forest ecosystem and therefore should notbe used without consdering the
impact on the entire ecosystem.

Pine Mushroom Plantations. In ASa, pine mushrooms are cultivated in pine gandstha
have been pecificdly established for pine mushroom produdion. In Oregon,
Doudasfir Christmas tree farms are inoaulated with truffles for both truffle and
Christmas tree produdion. These modds should beatempted for enhandngpine
mushroom produdivity. Controlling oil temperature and noisture usng tunnds or
ice is feasble only on pne mushroom plantationswhere onecan control the many
variables.

Pest Control. InseCt damage to gowing pine mushrooms can beeficiently controlled
only on pne mushroom plantations The effects of pesticides on ndurd ecosysems
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are poolly undestood ® should beavoided unil more information is available.

Monitoring the Pine Mushroom Sites

Thefirg sep in amonitoring program isto provide basdline daaon the produdivity
of good, medium and poormushroom sites. When basdline daa has been provided,
monitoring projects should indudethefollowing.

Monitor changes in forest mushroom productivity. Good, medium and poormushroom dtes
should bemonitored for changes in mushroom species compostion and
produdivity.

Harvest effects. The effects of longterm havesting and verying Slviculturd sysemson
the produdivity of known shiro and good nmushroom stes should bemonitored for
apeiod of no kessthan 10 years. The effects of different havesting techniques such
as puling mushroons versus cutting mushrooms on thelongterm produdivity of
mushrooms should bedone

Development of single shiros. Shiros should bemonitored over alongterm peiod
andyze development from initiation to senescence.

Genetic changes in shiro and fruiting bodies after prolonged harvesting. Harvesting mushrooms
over aprolonged peaiod may cause genetic changes in apopuktion.

Weather patterns. Theinfluence of weather paternson thelongterm produdivity of
pine mushroons should be recorded.

Tree health. Monitor thelongterm effect of fruiting bodyremova on tree hedth.
Removing fruiting bodies could negatively impact tree hedth if the mycorrhiza
assoddion is ariticd to thetree,



An Overview of Pine Mushroomsin the Skeena-Bulkley Region Page 32

References

Amaranthus M., JM. Trappeand RJ. Molina 1990. Longterm forest produdivity
and theliving sil. In: Perry D.A., R Meurisse, B. Thomes & d., eds
Maintaining the longterm produdivity of Pacific Northwest forest
ecosysems. Portland OR: Timbe Press. 36-52.

Amaranthus M. P. and D.A. Perry. 1989. Interaction efects of vegetation type and
Pacific madronesoil inoaulaon survivd, growth, and mycorrhiza formation of
DoudasHfir. Can. J For. Res. 19:550-556.

Anonymous 1995. Summary of public response: Pine mushroom task force
recommendaions Province of British Columbia, Ministry of Forests,
Integrated Resource Policy Branch, Victoria, BC. pp:1-17.

Anonymous 1994. Pinemushroomtask force: Workshop results. Province of British
Columbia, Ministry of Forests, Integrated Resource Section, Victoria, BC.
pp1-45.

Anonymous 1979. A New Oppottunity: Pine Mushroomsin BC. Province of British
Columbia, Minisgtry of Agriculture, Marketing Services, Victoria, BC.

Bandda, V.M., L. Montoyaand I.H. Chgpela. 1997. Wild edible mushroonsin
Mexico: a chdlenge and qoportunity for sustainable development. In Ed. M.E.
Pam and I.H. Chgpda Mycology in sudainable development: Expanding
conaepts, vanishing borde's. Parkway Pub. Boone North Carolina

Berch, SM. 1996. Nisgda pine mushroom pilot project. Preliminary investigation of
the ecology and produdivity of Tricholoma magnivelare in thefidd and the lab.
Find Report. Victoria, BC pp X4.

Bowen, G.D. 1980. Disturbance effects on fung. In Ed:P., Mikola Tropicd
mycorrhizaresearch. New York: Oxford University Press. 165-190.

Burke, Corpord Larry. Persond communication. May 1998.

Chdiak, Sergeant. Persond communication. May 1998.

deGeus P. M. J 1995. Botanicd forest produds in British Columbia an overview.
Province of British Columbia, Ministry of Forests, Integrated Resources Policy
Branch, Victoria, BC, pp6-23.

deGeus N., ed.,, S A. Redhead and B Cdlan. 1992. Wild mushroom harvesting
discussion ssson minutes March 3 1992. Province of British Columbia,
Ministry of Forests, Integrated Resources Section, Victoria, BC.

Donddson, D. and A Donddson. 1998. Action 2000: A joumey into the humaen and
economic potentid of theUppe SKeena A-D Communications Hazelton,
BC. (aforest economic action pln prepared for the Village of Hazelton and
the Gitxsan and Wet' suwet' en Marketing Corporation, funded by Forest
Renewd BC).

Durdl, D. and bnes, M. 1995. The effect of ggp 9ze on thefungd community a
Date Creek: Ectomycorrhizee and gorocarps (Parts | and Il). First and scond
year progress reports, Forest Sciences, Smithers.

Eligh, P. K. 1989. The harvesting of edible wild mushroomsin British Columbia
F.B.M. Conaulting Ent., Victoria, BC. (prepared for the Integr. Res. Br., BC
Forest Service, Ministry of Forests). pp:1-23.

Fasetta, P. 1990. Pine mushroom ecology workshop, New Aiyansh, BC. Province of
British Columbia, Ministry of Agriculture & Fisheries, Victoria, BC. pp:1-4 and



An Overview of Pine Mushroomsin the Skeena-Bulkley Region Page 33

gopendead meterids.

Futa, K. 1980.Host preference of Bursaphelenchus lignicolons (Nematoda: Aphelenchoididae)
and B. mucronatus Shown by thar aggregation to pine saps Applied
Entomology and Zoology. 15(3): 193 -197.

Hallman, Richard. Persond communication. 24 March 1998.

Hodord, D., D. RFilz, R. Molinaand M. Amaranthus 1997. Ecology and
management of the commercidly harvested American metsutake mushroom
U.SD.A. Forest Srvice. Pacific Northwest Research Sation. Gen.Tech. Rep.
PNW GTR-412. pp1-68.

Kawai, M., and M. Ogawa 1981. Some goproaches to the cultivation of a
mycorrhiza fungus Tricholoma matsutake (110 & Ima) Sng In: Mushroom
science X1, pat 2 Proc. of 11th internaiond scientific congess on the
cultivation of edible fung; Sydney, Audrdia Publishe and Location
unknown: 869-883.

Kranabetter, IM. and T. Wplie. 1997. Ectomychorrhizal community Srudure across
forest openings on nduraly-regenerated western hamlock seedlings. Forest
Stiences, 9nithers.

Largent, D.L., and A D. Sme. 1995. A preiminary report on the phenology,
porulation and ifespan in Cantharellus cibarins and Boletus edulis baadiomes in
Patrick Point Sate Park: In David H. Adams, JE. Rios and A J Srere (Ed))
Symposum: Proc. 43rd Annud Meeting of the Cdifornia Forest Pest Counadl.
Nov. 16-17, 1994. Rancho Cordova. App. xxxiii - Xliv.

Loring, Art. Persond communication. 6 March 1998.

Mercer, Art. Persond communication. March 1998.

Meyer, P.A. 1995. A prdiminary andyss of the economic importance of the 1994
pine mushroomindusdry in the Nass Vdley areg, British Columbia Meyer
Resources, Inc, Victoria, BC. (prepared for the Province of British Columbia
and the Nisgaa Tribd Counal). pp1-17.

Moling R., D. Pilz, C. Fische and D. Luoma 1994. Developing an inventory and
monitoring protocol for commercidly havested forest mushrooms. Pp:135-
137. In: Danangwith an eephant. Ed. C. Schnepf. West For. and Gonserv.
Asoc, Portland.

Molina R, T. O'Ddll, D. Luomg, M. Amaranthus M. Castellano, K. Russdll. 1993.
Biology, ecology, and ©dd aspects of wild edible mushroons in the forests of
the Pacific Northwest: a preface to managing commerciad havest. Gen. Tech.
Rep. PNW-GTR-309. Portland, OR: U.S Depatment of Agriculture, Forest
Sarvice, Pecific Northwest Research Sation. 42 p.

Norvdl, L.L. 1995. Loving the chanterelle to desth?The Ten-Year Oregon
Chanterelle project. Mcllvanea 12(1): 6-25.

Norvdl, L.L., F. Kopecky, J Lindgen, & J Roger. 1994. The Chanterelle
(Cantharellus cibarius) DA Peek @ Produdivity. In Proceedings: The Busness
and Sience of Secid Forest ProdudsB A Conference and Expostion
Januay 26-27, 1994. Chris Shnepf, ed. Western Forestry and Gonservation
Assodation, Portland, OR. pp117-128.

Ogawa, M. 1982. How to produce matsutake mushroom Nara, Jgpan: Matsutake
Research and Conaultation Office, Forest Service Research Sation. 158 pp.

Ohaa, H. 1994. A higory of thetrid and aror in atificid produdion of matsutake
fruitings. Annud Report of Sudies, Doshisha Joshi Daigaku. 27:20-30.



An Overview of Pine Mushroomsin the Skeena-Bulkley Region Page 34

Ohara H. 1981. A note of Arwillaria ponderosa in North America. Annua Report of
Sudies. Doshisha Joshi Daigaku. 15: 39-50.

Ohta, A. 1986. Basdiogpore germinaion of Tricholoma matsutake (11). Evauaionsof
germination cndiionsand microscopic observationsof the germinations
sages. Trans Mycol. Soc. Jpan. 27: 473-480.

Pilz, D. and R Molina 1997. American metsutake mushroom havestingin the
United Sates sodd aspects and oppotunities for sugainable development. In
Ed. M.E. PAm and 1.H. Chgpda Mycology in sugainable development:
expanding concepts, vanishing borde's. Parkway Pub. Boone

Pilz, D. and R Molina 1996. Managing forest ecosystemsto conserve fungus
diversty and sudain wild mushroom harvests. Gen. Tech. Rep. PNW-GTR-
371. Portland, OR: U.S Depatment of Agriculture, Forest Service, Pecific
Northwest Research Sation. p: 104.

Pilz, D. and R Moling eds. 1996. Managing forest ecosystems to conserve fungus
diversty and sudain wild mushroom harvests. Gen. Tech. Rep. PNW-GTR-
371. Portland, OR: U.S Depatment of Agriculture, Forest Service, Pecific
Northwest Research Sation. 104 p.

Pilz, D., R Molinaand J Mayo. 1994. Chanterelle produdion responses to stand
thinning In Ed. D. Rilz and R Molina Managing forest ecosystems to
consxrve fungusdiversty and sugain wild mushroom havests. U.SD A.
Forest Service, Pacific Northwest Research Sation. Portland, OR., GTR
PNW-GTR-371: 81-82.

Redhead, SA. 1997. Thepine mushroomindugry in Canada and the United Sates:
why it exists and whereit isgoing. In Ed. M.E. PAm and I.H. Chapda
Mycology in sugainable development: expanding concepts, vanishing borde's.
Parkway Pub. Boone pp:15-54.

Redhead, SA. 1989. A biogeographica overview of the Canadian mushroom flora.
Can. J Bot. 67: 3003-3062.

Roy, Corpord Rob. Persond communication. May 1998.

Tominaga, Y. 1975. Sudies on thetunné cultivation, the so-cadled Hiroshima
method of Tricholoma matsutake (110 & Imai) Sng. |. On theforcing culture of
Tricholoma matsutake In theyear 1974. Bull. Hiroshima Agric. Coll. 5: 165-180.
In Bpanese.

Trowbidge, R. and A Macadam. 1996. Ecologica description and dassfication of
the pine mushroom sudyplots near the Nass and $umdl Riversin
Northwestern British Columbia BC Min. Foret, Victoriaand Kdum Forest
Digdtrict, Terrace. pp 16.

Tumer, N.J, H. V. Kuhnlein and K.N. Egger. 1987. The cottonwood nushroom
(Tricholoma populinum). afood resource of the Interior Sish Indian peoples of
British Columbia Can. J. Bot. 65:921-927.

Vissr, S 1995. Ectomycorrhiza fungd succession in jack pine gandsfollowing
wildfire. New Phytol. 129: 389-401.

Wills R, R. G. Lipsey, L. Sager, S Brown. 1998. Nutraceutica, medicind and food
mushrooms from British Columbia-harvest estimates, prices, exports, markets
new produd area Inna Coast Naturd Res. Center. Workshop on Non-
Timber Forest Produds. pp 2.

Zdler, SM., and K. Togashi. 1934. The American and Bpanese Matsutake.

Mycologa 26: 544-558.



An Overview of Pine Mushroomsin the Skeena-Bulkley Region Page 35

Appendix A ... Additional Research Topics

These projects cover awiderange of research unde the topics of inventory, biology,
ecology, produdivity, forest practices, sodo-economnic research, and mushroom
havesing. If the mushroom program expands FRBC might consder these.

Inventory

1

Correlate and theme good, medium and poor pine mushroom sites with the Biogeoclimatic
Ecosystem Classification (BEC) system at the gonal, sub-gonal, variant and site series levels.
Pine mushrooms are dways assodated with conifer hogs and paticular
vegetation typesin BC. Information on stes condugve to pine mushrooms can
beusd in timbe havesing decisons

Create a GLS with good, medinm and poor pine mushroom sites for the Skeena-Bulkley Forest
region. ONce daaon pnemushroom produdivity arein aGlS they can be
corrdlaed to anumber of biotic and aiotic factors across the landscape
Preiminary maps have been aeated for some stes in the SkeenaBulkley Forest
Region (See endosed mgps).

Ldentify good, medium, poor and potentially good pine mushroom sites for the entire S keena-
Bulkley Forest region. Inareasingdy, the vaue of pine mushrooms exceedsthevaue
of timbe on forest gtesin the SkeenaBulkley Forest Region. It isimpeative
that these gtes beidentified and tha timber havest decisonsindude
information on pne mushroom produdivity. Identifying these stes, is theinitid
sep to dl future research projects.

Develop models that can predict where future good, medinm and poor pine mushroom sites may
be located in the region. Longterm forestry planning mug indudepine mushroom
produdivity. Decisonson bngterm planning will be more accurate with pine
mushroom information.

Biology of Pine Mushrooms

1

2.

Determine the degree of mycorrhization of pine mushrooms. Mycorrhiza fung are essentia
to forest trees for providing them with il nutrients and weter. There are many
different fung tha form mycorrhizae with anumber of different hods. It is
often reported that directly beneath a pine mushroom fruiting body, theroots are
blackened and gpear to bedying It isimportant to undestand whether pine
mushrooms form mycorrhizae or ae mildly pahogenic with thar hods.

Map and determine shiro growth patterns and development for different sites that have high pine
mushroom productivity. Pine mushroom fruiting is directly related to the hedth of
the undeground \egetative gage, the shiro. Some shirosgrow in drcles, somein
arcs and ©me with no gpaent patern. Undastanding the development and
dtages of shiro growth will facilitate undestanding the biology of fruiting body
produdion.
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5.

10.

11.

12.

Correlate shiro growth and mushroom production and development. JBpanese and American
scientists have mapped and described the different gages of both shiro growth
and the shiro zoneaowve which afruiting bodydevelops Compaisonsbetween
Northern BC, American and Bpanese shiro gowth will provide vauable
information on te biogeography of pine mushroons.

Study the longevity of shiros. Pine mushrooms are cgpable of fruiting for many years
on agte. How longthe shiros pass in asoil will provideinformation on how
to manage agte for pinemushroom produdion.

Determine factors that influence spore viability, germination, mycelial growth and mycorrhizal
Jormation. Undastanding the life history of pine mushrooms will provide abasis
for future ecologca and forestry research. Much research has been conduded
on the matsutake gecies 0 daa collected from BC expeaiments can be
compaed to Hpanee daa. These ae essentialy laboratory experiments.

Determine the time frame from inoculation to fruiting body development. IN Jpan, managing
adte over apaiod of 15 years increases matsutake fruiting bodyprodudion. An
undestanding of the time frame baween pine mushroom inoaulation and
fruiting is necessary before forests can bemanaged to increase fruiting body
development.

Research the taxonomic position of different populations of pine mushrooms in the region.
Currently dl pine mushrooms in North Americaare consdeed to beTricholoma
magnivelare. TO undestand the funguscompletely and to manage it, we mug
undesand if we are deding with oneor more oecies.

Determine the genetic diversity of different shiro and fruiting bodies for various pine mushroom
populations. Different ecies are adgpted to different habitats. We mug
undesand if the same pecies of pine mushroomis adgted to avariety of
habitats or if there are anumber of different gpecies adgoted to ecific habitas.

Excamine the influence of soil microbes on vegetative growth. The ggowth of many
mycorrhiza fung can be enhanced by growing thefunguswith asuit of
beneficid bacteriaand ohe microbes. Thar influence on the growth of pine
mushroom mycelia should befurther examined.

Exanine the method of pine mushroom dispersal throngh forests. HOW anen popubtion
edablishesin aforest isimportant information for management decisonsto
promote pine mushrooms produdivity.

Research the degree of vegetative spread (root contacts, mushroom tissues, etc.) of pine
mushrooms in forests. Mo mushrooms are cgpable of growing and establishing new
popuktionsby @ther spores or mushroom tissue

Where applicable, determine the influence of man made disturbances such as air pollution on
pine mushroom productivity. High ar pollution isthe mgor factor responsble for the
decline of ectomycorrhizd fruiting bodies in Europe While this may not be a
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problem in BC a the present time, pine mushroom stes dose to indugria
pollution may be amilarly afected.

Ecology

1

Correlate host species and age to good, medinm and poor pine mushroom sites. Pine
mushroons are reported to bemos commonly associated with BC conifers that
are from 60 to unde 200 years old. Is this truefor the entire region?These
theories should besubgantiated and proven sientificaly.

Correlate soil moisture and temperature to pine mushroom productivity. Research has
proven tha mushroom fruitingis triggered by gppropriate il moisture and
tempeaature levels. Determining these levels is important for managing stes for
pine mushroom stes.

Determine the fruiting patterns of pine mushrooms for different parts of the region and correlate
to weather patterns. The pine mushroom havest begins with the onset of thefdll
rans Correlating precipitation to pine mushroom fruiting will dlow usto
manipulate ecosysems for pine mushroom produdion.

Determine the influence of abiotic factors such as slope, aspect, humus type and depth, and soil
structure on fruiting body development and productivity. Pine mushrooms are dways
reported to bepresent where there is athick A, oil layer and where thereis no
ganding water, jug moist soil. Northern exposed stes may produe pine
mushroons exlier than uthern exposed stes.

Correlate the composition and dominance of the understory and herbaceous layer to pine
mushroom productivity. 1t 1S reported that good pne mushroom gtes are domnaed
by Ericaceousshrubsand candy gick plants.

Research the importance of pine mushrooms in the diet of forest animals. The hedth of an
ecosystem indudes dl organisms. Mushroons are important to many animas for
food. Mushrooms may rely on animals for gpore dispersd. Thisinteraction
between animds and mushrooms must befurther undestood.

Forest Productivity

1

Research the degree of mycorrhization of pine mushrooms with various hosts. SOme fung are
obligate mycorrhiza formers, others are facultative mycorrhiza formers. If pine
mushroons are facultative mycorrhiza formers, then ther role in tree hedth
may not bethat criticd. Furthermore, growing pine mushrooms unde atificia
condtionsmay beaviable dternative for maintaining pine mushroom
popuktions

Determine the mycorrhizal dependency of various hosts at different ages on pine mushrooms.
There is adayree of gecificity beween hog plant and mycorrhiza fung. Some
hods are highly dependent on asuit of mycorrhiza fung for ther growth. Are
pine mushroons critica for hedthy tree growth?
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3. Examine the functional role of pine mushrooms in the symbiotic association between host and
fungus. Mycorrhiza fung promote tree growth byavariety of methodssuch &
moving water and/or nutrients from the soil to the hog; by protecting roots
from pahogens and byincreasing the hormond levels aound heroot thereby
increasing fineroot produdion.

4. Determine the role of pine mushrooms in tree health. Pine mushrooms are reported to be
pahogenic and form mycorrhizee with thar hogs. Roots, found undefruiting
bodies and gpearing diseased may bethe decomposing pat or Zones 1V, V and
VI of the shiro.

Forest Practices

1. Forest age versus pine mushroom productivity. |f forest havestingis pogponed for a
period oftime in an aeawith high vaue pine mushroom growth, deermine a
what age of forest would it bereasonable to plan for havest dter the pine
mushroom has declined in produdivity.

2. Ectomycorrhizal relationships. Given large-scale gand replacing disturbances such as
clear cuts, deermineif, and bywha process, ectomycorrhiza fung and thar
hodsre-establish thar symbiotic relationships

3. Timber harvesting strategies. Determine howremova of the forest canopy afectsthe
pine mushroom Given therange of timber havesting Srategies available to the
forest indugry, deermine what peacent of the forest canopycan beremoved
without sgnificantly affecting pine mushroom growth.

4. Effects of canopy openings on fungal species. Correlate changes in fungd species throuch
time with canopyopenings, hedt, light, moisture, forest floor, and il chemistry.

5. Rate of pine mushroom re-colonization from 'lifeboat” or timber islands. Determine what
gze of retained timber 'idand’ or 'lifeboa’ is required to providefor pine
mushroom re-colonization in the surrounding opening Research the rate of
spread, and look a& optimum spacing for thetimber idands

6. Compaction. Given tha vehicular traffic compacts the oil, deermine howthis
compection dfects the growth of the pine mushroom.

7. Re-establishing suitable pine mushroom conditions. Determine howlongit take to re-
establish auitable condtionsof light, heat and noisture in variousszed canopy

openings.

8. Impact of added siash on mushroom production. FOr sective loggingwhere there is
sgnificant limbing and topping, develop guiiddinesasto wha amount of added
dash is acceptable, and wha istoo much. Look a the afects of added dash on
soil chemigtry, nutrient gatusand mushroom production.
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0.

Control or Natural Burns. Fire or heat treetment can dimulate fungal spore
germination of many different gpecies. Theimpact of variousintengties of burns
on pne mushroom productivity should beexplored further.

Mushroom Harvest

1

Methods of harvesting. Pine mushrooms are reported to form mycorrhizae with ther
hog tree. Raking will destroy this assodation  tha both, or oneof thehod tree
or the pine mushroom is negatively impacted. Research mug look for
gopropriate methodsthat cause the least impact on the mycorrhiza assodation.

Compaction. Pickers by thar trampling on nushroom stes may destroy shiros and
in tumn the mycorrhiza assodation. Soil compaction on both shiro development
and fruiting bodyprodudion $hould beexamined in detail.

Pests. 1t isreported tha 20% of the pine mushroom harvest in BC is destroyed
because of insect infestations Methodsfor control of pests & buying gationsor
other venues should beinvestigated.

Post harvest processing and handling of mushrooms. LOOK & ways to maintain the quaity
of fresh mushroons, pog havest and o add vduethroudh processing or
dterndive usage.

Socio-Economic Research

Sodo-economic research and development should dways take place in conaultation
with the gakeholders and communtties tha are affected bytheresearch and the
outcomes.

1

The economic impact on local communities varies from place to place. Determine the cods
and bendfitsto the amdl busness infrastructure within each of the relevant
eenaBulkely communities. Document the demandsfor gpodsand services.

Value-added opportunities within the pine mushroom market. Mushrooms do nothave a
long shdf life. Identify and research the oppotunities for pog harvest
technologes.

Given existing regulations 10 & the Litter Act, the Ecologca Reserve Act, the
Wildlife Act, the Park Act, the Environmenta Management Act, the Waste
Management Act, and Fre Prevention Regulations and, given the vastness of the
picking area and the difficulty of access, szudy and build on existing efforts to enforce
these regulations. \NOrk coopeatively with the RCMP, Ministry of Forests, Ministry
of Environment, Landsand Parks and Sarch and Rescue The Gitxsan and
Nisgaa Nations as well asthe City of Terrace are enforcing regulations Use
thar expertise to expand o othe communities.

Communicate with the pickers. Given the diversty among havesters and buers
(some are trangent, others use Engdish as asecond bnguage), develop
eductiond methodobgy to aldress this diversity. Eductiond topics could
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indudethe preservation o theforest ecosystem; the existence of legidation and
enforcement; pasond hedth and sfety, and wilderness kills, the mitigation of
risks assodated with cash transactions and the kills and procedures for handling
confrontations

5. Local communities rely On the nontaxed income generated bythe pine mushroom
indugry. Determinetheimpact of thetemporary cash based indugry on cd
communtities. Identify the prosand @mns

6. Determine the influence of the pine mushroom harvest on seasonal users of the local forest.
Recregtiond hikers and pickers, angers, huners and related guiding busness
have aright to use theforest dso. Measure the soad and economnic cogsto
these groups

7. Develop an accurate economic model thdt is based on bngterm sugainable mushiroom
produdivity and piovides Ste soecific picking history; longterm pine mushroom
market vauefluduations tree produdivity and ecology, and ste pecific timber
volumes, dte gecific higory of timber havest volumes and nethods historica
timbe market vauefluduaions These factors must be correlated to weather
paterns In this way management decisonscan bemade based on nulti resource
use.

8. Identify missed economic opportunities around the pine mushroom harvest.
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Appendix B ... Maps

Forest Region and District Boundaries

(From Anonymous(1997), courtesy Province of British Columbia, Ministry
of Forests, Victoria, BC).

Known Commercial Pine Mushroom Harvesting Areas in British Columbia

(From de Geus (1995), courtesy of the Integrated Resources Policy Branch,
Minigtry of Forests, Victoria, BC).

Pine Mushroom Site Maps
Prepaed bythe Gitxsan Srategic Watershed Andyss Team and Fed Philpot

(Copy of thisreport & Library, MOF Regiond Office, Smithers, has full st
of maps atached.)



